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in the treatment of the acute attack of
malaria
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SCREENING OF ANTIMALARIALS AGAINST
P. GALLINACEUA IN CHICKS. *

Paret 1IV.
BY

Lacor- Cononel JASWANTY SINGH, s, chasEdin), vea(Eng.),
noeM. & u. {London.),

G. R, CHANDRASEKHAR, sina,
H. 1. BAMI, rhuo., aassc.
AND

AL PUORAY, Moo,
( Malaria wittuie of India, Delhi.)

LoNtwemniaer 2§, 1ML

IN ewrlier papers, Jaswant Singh, Basu and Ray (1952; and Jaswant Singh,
Ray and Chandrasekhar (1953) have discassed in detail procedures and techniques
employed for the sereeming of a nulnaldrt.kls Based upon these procedures, forty-
five new synthetic antimalarials {Tables I to VI) have been screened for anti-
ralarial activity. The minimom cffective dose (M.E.D.) of some of the standard
antimalarials had been determined previously, out of which MLE.D. of quinine was
selected as a basis for comparison in the present screening.  The new doses tried
here were eight times, two times, half of, and one-eighth of the MLE.D. of quinine.
The dilution of drag was so ddjll‘\{{"('] that under each regime the required quantity
of drug calculated in terms of base content needed for a 50 gm. chick was con-
tained in one ml, of aqueons solution or suspension, The number of white leghorn
vhicks wsed were four to six for each dosage regime.  For cach series, an untreated
group of 6 1o t2 chicks was maintained for comparison purposes.

‘Tlm work was carried uut umler the se Beanes %(rmnng uf antimalarial druga which iz f'nanwd
by the Council of Seientitic and Industrial Rosearch. Parts 1, 11 and TT1 of this series have already
appeared in Indimn Fowmal of Malarislogy.

tAppointed an the slall’ of Screeaing of Antimalarial Drugs Scheme, Council of Scientific and
tuddustinal Researcl: at the Mabaria Tastitinte ol India.

.
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Seveening of Anthmalarials Jgainst P. Gallivaceunt in Chicks.

i=

Fhe compounds were supplied by workers from diflerent {nstititions{ aud
thase compovnds which were insofuble, were mmade into agucous suspessions with
sym acacia for ease of administration.

The compounds screencd, have been divided into six chenucal grous, vi
abstituted  dihydro-triazines 3 substituted  biguanides ; substitated  sulphides,
thioureas and biurets ; quinozolines ; uinindencs ; and miscellancous compounds
Tables [ 1w V1L While tabulativg the results, activity il present, is indicated
against the dosage, expressed in termy of multiples of M.E.D. of quinine.  For
instance, a compound showing activity at onc-fourth MLE.D. of quinine, has a
quinine equivalent of four, while & comopund active at 16 times MLED. of
gquinine, has a quinine equuivalent of 006 only,

Tasry L.

Nubstituted diliydro-triazines.

Do ]
Ntgpsibuer, Lhenicad Tormda : Sotiree, (Mulviple  Remarks,
of MK,
ol guinvine

MAs s 1-p-chioraphenylb @ Galimethy - Malaria Institute b Active.
21 dediaming § 0 tedibydeo- of India.
S vk Serriasine hydro-cldoside, i o
‘;’ "
l""i b
PR »
1128 )
F236 -
M.IN N Ep=bromophenyl-6 ;6 dimethivl- " 2 as .

T tedilivdro-2 o Jaliamine-1 03
S-triazineshydrochloriee,

Lrain
11
EIT -
10240 Tnactwe,

»

MK 52 =12 d-dichloroplenyil-l ;6= : . : £ Tuxic
U dilvdro-6 1 Gedimethy! : i

diliydlro=2 : 4=diamino-t - 3 : 5-
irigzine hvdrochloride.

Cd s dediaminie-? 3 S 2 .
evelruehioride,
(2 Active,
1% inactive,
MIS, 15 7 bepemrithoxyphenvi ;6 dimeshyl . 5 Active
b tedibydro-2 ¢ bdiamine-t o3 s
aeiazine bydrochloride, s ”»
iz »
114 inaclive,
MIS. 19 1-p-bromaphenyl-i ;4 3 fie " i1 Inactive.

¥Malaria Tostitute Survey {M.L5.) numbers have been given to each compound and the
wurce of supply is acknowledged.,



Jaswant Singh, O R, Chaudrasebbar, H. 1. Bawd and A, P, Ray. 3

A nunmher of triazine derivatives have been prepared ay potential - anti-
madarialy but their activity has been reported 1o be very fechle (Curd el al., 1947} ;
Wisclogle, 1946 ), Recenly, Careington e al. {1651 and Crowther and Le\u
f1954) have discovered an active metabofite of the well-known drug proguanii
{paludrine} which belongs 1o dibydrotriazine group (MLLS. 1o, Table I). A
mimber of other dihvdrotriazines akin o proguanit metabolite have been prepared
in the Malaria Institnte laboratory {Bami, 1o 54} and aut of these, p-bromophenyl
mm!ngm of proguanil metabolite (M.ES. 117 has been Tound to be four times as
activeas the proguanil metabolite, While 21 g~dichloyo-phenvl-analogue (M.LS, 12}
proved to be only shghtly active, it may be interesting to mention that 3§ : 4-
dichloro anadogue of M.LS. 10 has heen found to be several fimes more active
than the parent componnd {Curington o of., 1951}, Replacement of  methyl
groups in MLLS. 11 with Ionger JH\)[ groups, such as, in the case of M.LS, 19,
resulted in considerable loss of activity,  Similarly M.LS, 15 (p-methoxyphenyl
analogue of MLLS. 11) was also devoid of activity.

Structural shmilarities between  these dibvdro-triazines and  their corres-
nondiug Diguanide derivatives appeared ta be vesponsible for similar biological
responses observed in hoth these cases,

Vanrs 1 .

Subséibuied higuanides.

Lhuse:
) imultiple
Nusuivy. Chivnieal formmdda, : Sotree, of MLED. ° Remarks,
of qulmm vl

MmN N -pefdemethyl-2epy ]"Hllf\l 11Iu~:, Madaria Tostitue 2 _? ;\(_il\r..

nyl-suiphonanticle- L-«npmp\,i— i af flia,
Biggranke hydrochloride, : LR s
I's i Inaetive,
e R P UL NN
MK, 22 \‘-p«% ’-(]hl/\l; plwn\iﬁulpll-m - - 2 1 Ariive,
midao-No-ssaprapyt biguanide-hy- . i
diachlonishe : 2 »n
(] ! Inactive,
A% SN '\l‘-p-sulpi:orlmmdtq)Iu nyl ’\ - . ) ?‘5 l Inac‘ll\f‘
ssopropyl-biguaaide i\\,d!mh]m:lil ;
ALLS. % Nlap. {0—!"11]!)}0*.-—')\f‘lll]?(i\-“ E . # Artive,
phenybulphonamrido-No-soprapn |
h:g{u(mui! hvdrochioride, : o .
112 *
ALES 13 '\1‘-p-su1phmm phenyl-X-p- (‘Mnt‘u- Indian lns!mm : 8 ;\C!I\'{.‘
phenyl-biguanide, hydrochioride,  of  Science, )
: Bangalore, 2 : ”
! ,-
! EE 5
|
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Tasre JI-—(Concld.)

: Dose
Nuoioer. Cliemical fTormula, Jouree, {multipl: . Remark
ol MED, !
af quinine)-

M. 2 Ni.pechiforaphenylsulphom1- N3 Malaria Institute: 8 Tnactive,

p-bromophenyl-Diguanide. of India.

ALES 28 NTphenybulpbenyl-No-p-Lromo- - 1 . Tnactive,
phenyl-biguantde. :

Wi 24 Nipechlorophenyl-sulphonyl-IN5 " s - Inactive.

p-chlcrophenyl-inguanide.

M Ntpssulphonie phenyl-No-phenyl-  Indian Tastitute ® - Imactive,
higuanide. uf Science,
Bangalore.
MUES O Net{-hydroxy-Bequinolyl - N3 Moalaria lnsiimlf-i 2 " Inactive.
isopropyi-higuanide hydrochloride, of India.
Mt 4 Phenyl-biguanide hydeochloride, | Mrdieal College 8 . Tractive,
Paina, :
MBS, 33 2 tiedi({peehloro-phenylbiguanido.. Indian nstitute # " Inactive.
formyljp-4 (p-phenyl-biguanidingl- -~ ol Science,

J-pheayt-pyridine, Bangalore,

A number ol sulpha-biguanides have been previously rveported to be feebly
active against avian (Jaswant Singh ¢f al, 1949: Bami ef 4., 1949) and simian
malarias {Jaswant Singh e al, 1949). A fturther variation of the above com-
nounds included introduction of an ssopropyl group which is considered essential
for activity in this class of compounds {Rose, 1951).  However, these new sulpha-
Hignanides (MLLS, 8, M.LS,, 22, M.LS. 25, M.LI.S.20) were only twice as active as
quinine and considerably less active than proguanil.  Extension of this work to
include certain arylsulphonyl biguanides (Bami, 19534) (M.LS. 17, M.LS. 21,
MULS. 23, MULS, 24, M.LS. 34) resulted in inactive compounds except for
M.LS. 17 which was eight times as active as quinipe.

Replacement of p-chlorophenyl group of proguanil (N'-p-chiorophenyl-N3-
sopropyl-biguanide) with potentinl  6-hydroxy-8-quinolyl nucleus (M.I.S. g)
resulted in complete lossof activity, Similarly MLLS. 53 and M.LS. 44 also proved

ra he mactive,
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ot

Tanng L

Suintituted sulplades, itouivas and binrets,

1home |
‘multiple I Remarks.
bl Chemieal bt ST, of MYLID
ol gquitine)..
ALLS. s Bis{pesulphonie phencl guamd: Indinn Insticate - % Active,
sufphide, bvdroehloride, of Bciene, )
: Bangalore, 2 5
I!i. kLl
FE Inactive,
AN, 38 Bisip-tobyi-gnansD sufphich: Tivedro- “ 8 " Toxic.
chiaride,
Inactive,
XN 4 pechlorophenyl-gnan D ihiourea. a A - Taxic.,
2 bR
: ”
1’8 Tnactive.
‘ :
MBS 42 NemathylgoanidineN-phenyi - : 8 - Toxic.
thiourea.
2 Inactive.
MR 40 paslyledecthiybtiidol-psendo- - 8 Active,
dithiohiuret. : .
MET S 39 peeblorophenyd-thiveed, “ . 2 Active,
|
! Y-
MALS 43 pecldovoplbenyl-dieetiyhunol p&n‘\idu-l “ : X ! Inactive,
dithiobsiuaret. |

Arviguanyl sulphides (MLES, 18, MULS, 33} and thiourcas (MLLS, 41 and
M.1.5. 42) were found to be toxic andjor inactive except for M.IS. 18 which was
twice as active as quinine.  Amongst thiurets (ML1.5. 39} and dithiobiurets (M.LS.
goand M.L.S. 43), onty M.IS, 34 showed fair antimalarial activity. This group of
compounds even previously had shown limited antimalarial activity (Wiselogle,
1046 ; Rose, 1951 5 Bami, 19536,



i Neseening of Antimalarials Agaist P, Gallinaceum in Chicks,

Tanne IV,

Ouinazolones.
2

e '
Nuntier. Chernieal Frminta, Semiree, {multiple  Hemarks,
of ML,
of fuinine),

Mds, i Femethyl-3-(p-chilovaphenyl - I’ul.idl) [Tniver- ]
qmna/n!f:l T thllndﬂmldr NLL\. If::\ln’u pul Inactive.

AP G ST tllvl 3 f]p-ml'(lmsc} ph: mﬂ - b Active,
(;umdzulmu -g-hydrachloric-

MoLsS 46 2eme llwl i(p {-_‘-t hlmupmpmn\l o 8 - Toxin.
ammn«pllr"nvi)»qmndﬂ:lnm -4, )
h\fdrurhlnndn 2 Tnaclive,

MR 2ogne lh\l IRy «p—rhinrnphl ﬂ\F- " i
l!ml/nhl‘ qtrma/r)lnm -4,

LU I LT -melh\'l i [ phn tiyd-thiazn &I_.‘- . = |H\'H’
qmnamlum-l- Soa

P2
MUESD§ ~lenl IH |:-.mmllfn m»h it " ; # - Fractive.

quinazoleize .

This series of quinazolone derivatives were devoid of antimalarial activity
excepung MULS. 16 which was twice as active as quinine. These results support the
reported  Tnactivity of substituted  quinazelone  derivatives (Rose, 19510 5 Bami,
a3k,

Tanre V,

Outnindenes,

Vhenser

Neesber, Chenucal Tarnwals, Saurew, Dimuitple | Remarks,
CUTMURT)

O greinninei ]

U .
Mops, 27 Zehiyelrey-T 5 edicllirn-2 2 d - hldiml:l fnsiitute| 8 } Inar‘!l\'e
thln (IIU-I_,»(;LIIIH!’!('I B, ol Tndia, ; 2 ! -
e + et —————— e e e R O P YU,
RE IR S E Hm: Hi-chdore-12 |1\<||m{\- i— ! f | Active,

dihydro-Zogninindeme.

I 2-bydroxy-7- i|IIUI{)-'
. F,»qmmmll ne.

!n.anm

e g- dibvedro-

. } - )mim\»-. -bmum- o b libyrden- . i . L fnnctives
Caguinindene. i ;

i

VEES.

MULS. A6 I 2. hvdmxw—!) mﬂlwl— -dihy{lm-' ' i & 5: Active.

E-quinindenc, i 2 ¢ Inactive,

MBS U7 E2hwdroxy-Femerhyl-2 H!:Indm- o ' Hi ! Inactive,
¢ Beguinindene, : :

e . :
MBS U8 12 vdroxy-Oeethoxy-2 o 4 dihvdro- | " : f ! Fnactiyve.
: B-quinindene, ! ; :
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Chadha o al. {19514 1 195310} have reported a number of g-quinindene

derivatives oul of which a few were tested, bur alt of them wore found to be
mactive,

Tanne VI,

Miseellaneous conprounds,

I Bose |

Nanther, Chemical formala, S, | Multipie E Remarks,
: Pl MED. |
'_ofquininl:).i
B L T - P T i.....,. cmi e e e = .,_.—.....-..‘-_.-!—--o——.-———vh-——.
MUES 26 Bise(2-carboxy phenyld Nanthogen. | Indian Institute, | % Active,
of Scicnee,
Bangalore, . 2 loactive,
MS, s Bis-{ H-earboxy phienvh) Xanthogen | . : 8 F Tnactive,
MUIS 1 Thiopegene-Setoone hydrabromide . Punjab Univer- b I Taxic.

©sity, Hashiarpur, - :

i 23

1;2 ' Active.

i 1/8 i Tnactive.

e e e e e s e o e s e e —
MIS, 15 2 3dimethylthiopega-2 : 9-diene- - 8 ! Inactive.
- -one-hydrochloride. . : i
o m e e st ot s e @ e e e e et I -
MUES. M 8 NaNadi(pesulphonic phenyl)- - Indian Tnstituie | 1 i Inactive,
thivram=disulphide, ol Seicner, :
Bangalore,
NS 32 NoNdis{pechlorophenyld thiteam " Hi : Taxic,
disulplride, ; ' i
! 4+ Tnactive,
MLE, 4 Zquethyl-d-{p-anisidingg G-chloro-  Punjab Univer- 3 l Taxie,
quinoline hydrochloride. ) sity, Hoshiarpur, . i
i 2 i Active,
ye 1,
/8 il Inactive,
i e
¢ . : i ! .
MoLs o ;'\'-{p—(4-mclhyl-'.!-pyrimidyl)- Indian Institde, b i Toxic.
- ansicheenhenyvE = E-prhenyd of Seiemee, ;
hi]I‘p%}UI‘JdtllI(lﬂ. phenybl-bpheny Bangaiocr. N Active.
chelidamic seil i
2 | Inaciive.

In this group of miscelluncous compounds, xenthogens {M.LS. 2§ f;tnd M.I:S.
31} and disulphides {(M.LS. 30 and M.LS. g2) did not show any activity. Thie-
pegenc-g-g-one (Khosla ef al., 1953) (M.LS. 13} was twice active while its substi-
tuted derivative {Khosla ef al., 1953) {MLLS. 45) was completely inactive, A substi-
cuted g-aminoguinoline (MLLS. 14) has also shown some activity.



3 Screening of Anlimalavials Against P. Gallinaceum in Chicks.
SUMMARY,

Horty-five compounds have been screened for their antimalarial activities.
{mly certain dihydrotriazines have displayed appreciable activity while the
sulpha-biguanides were only slightly active. Remaining compounds were either
inactive or only feebly active,
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STUDIES ON PLASMODIUM BERGHEI VINCKE AND LIPS, 1948.
*XV. Acquired resistance to sulphadiazine,

BY

A, K. KRISHNASWAMI,

SATYA PRAKASH

AN

5. P RAMAKRISHINAN.

{Malarsa Instuute of India, Delld.)
tNovembher 21, 1953.)

RuceEnt advances in the chemotherapy of malaria and the oxtensive use of
syntheti¢c antimalarials have led to studies on the possibility of the development
of drug resistanice by the parasites,  Alteration in the sensitivity of plasmodia
to drugs brought about by prolonged administration of subminimal doses, has been
reported by various workers, and a large mumber of observations both in the
Taboratory and in the field, have been recorded during the last decade (Thurston,
19591). The available refercnces arc summarized in Table I. While only a low
grade of resistance against antimalarials ke quinine and pamaquin, has heen
reported, resistance to the more recent synthetic antimalarials has been demons-
rrated to be of a much higher degree. Largest number of observations are on
resistance to proguanil.

This paper records studies om a sulphadiazine resistant strain of  Plasmodiion
herghet developed in the laboratory from a strain maintained in rats at the Malaria
Institute of India. The latier was observed by Ramakrishnan ¢ el (1951} to be
highly sensitive to sulphadiazine, a total dosef of 60 mg. perkg. producing a clear-
ance of parasitiemia from the peripheral blood for a4 period of three days.

*{he studies were partly Ananced by the Indian Councit of Medical Research.

1 ¥his publication was received when the present repors was ready for publication.

1 The dosages of suiphadiazine given in this paper are in terms of mg.jkg. given in six divided doses, one
dose twice daity on theee consecutive days.

(9)
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Tanrr 1.

Recard of" Plasmodia resisiant o Antimalarials.
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Sulphadiazine.

11

Daraprim, Bro-
mocuasnide,

Olwervers,

Kuappers (EMT7),
Kritschewski and

Halperin {1934},
Nauck (1904),

. Bishop and Bivkett

{1848).

Fulton and Yorke
(115,

Nauck {19347,

Bishiop and Me-
Connachie (19504} -

Ihid, (14505),
Rallo (1931

Bishop and Birkett
(19471,

Wiiliarson, Bertram
and Lonre {HM3),

Williamison ancd
Tourie (1M47),

- Bishop and M-

Connachie {19487,

" Greenberg (149,

- Bishop and Me.

~onnachie {19504).

" Thomsan (1049),

Hawking and Perry
{194%).
Sehmids, Genther,

camd Fradhin {1944},

Flawking ana
Thurstem (19317,

¢ Jaswant Singh, Ray,

Basu, and Nair (1052),
Chaudburi and Rai
Chandhuri (1944,
Ldeson and Field
{1950},

Giiroy {19523,

. MacLeod (1951).
Van Goor and

Lodens {1950},
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Fanya Lo Coneld.)

Antitnalarials
Preug o whichs Speics Doepree Laburatory o which cross
vESis R Masmodism ol o resisiance was Oliserves.
reported. resistanee. Jield. observed, il any.
P falciparion Faboratory - Keaton anel Adaans
{1447,
o talvipuria . Ackaras and Scatuin
LI,
' iiray B W - Sudpli, Croprer, Coatney and
iChessun} Tbden (18350),
£ nuy Fictd Wilson, Munro aod
Richand {Hal).
Py 8 Labwrastory Scaton and Lourie
. T {19493,
£ orivay " Luurie and Seaton
(19449,
£, wmularie 1eld, ; Van Goor and Lodes
i { g,
tnan . : Guirther, Praset audd
Wright ( L8,
Mlefeuts peres £ fuleiparam e . - Mackerras {11H7},
{iatnaguin P lephare oo - dalnratory Themsen (8],
I trafrin B gallinuceum ii ue ’ . Jaswant Singh,
. Ramaksrishnan,
Krishnaswami, Satya
- Prakash, Mammen
: - and Ray (1832},
D gadlinacenm o . _ Rollo (1851},
P, rynuinelgi Lihey "  Palidrie, hio- Jaswant Singh,
{mogaanide, act- . Nair, Ray and Misva
Cave metaholivs ¢ (19331,
- of proguawil and
. bromnguanide,
Pk > 2 . : Paludrine. " heenandez, Myt
(chesson) : . Coatney and
. - Jelfery [ Foa3).
I knoicdesé T . 1 Proguanid, too- Nair (1953) Perso-
{Nuri straing : meguanide and - nal conrmunication.®
Ctheir aclive
Cmwetabuolites, '
Metachloridim P, aadlinacegm =t . Bishop and M-

. Connachie {1053).

* Siuce sending this anich: w the press, the dt.‘g.rm of resistance i reparted (o have inereased (o 2 fakhs. —
FFuditery,
MATERTAL AND MY THODS,

The abbmno mice and rats weee obtained from the volony maintained at the
Malaria Institute of India.  No choice was exercised regarding age or sex of the
animals used.  The inoculations were always given intraperitoneally and the
dose of infection was one midlion parasites per animal.

Tnjectable sulphudiazine solution {May and Baker’s} containing one gramme
in 4 c.c. was diluted in distitied water and given orally, according to the technique
deseribed by Ramakrishnan of el {{ec. cit).  Administration of drug was always
somuenced from the day when the parisitemia reached a level of two per cent
coll infection.



Developmeni i sulpha resistant strain,—The procedure adopted for inducing
resistunce was similar to that of Fulton and Yorke (1941}, Jaswant Singh, Ray

Aequired vesistance of P. berghet o sulphadia zine.

RESULTS.

« al. {1952) and Jaswant Singh, Ramakrishoan #f al. (1952).

Tasre 1L
Sulphadiazine resistence of P. berghei: prefocels.

The dose ol the

The parasites were
vassaged serially through mice, which were given graduaily increasing doses of
\,u!phadlagm{‘ commencing with a dose of 15 mg. ; the dosage for class 11 clfect
has heen nhserved to be 6'0 mg. {Ramakrishnan et al., loc. cit.).

Serial
ASSHUT

oumdier,

Pae of passagy:.

Seplember 5, |95

September 22, TO51
October ©, 1951
Cretoher BF, 1951
October 22, 1951

' November §, {951

November 19, 1951
December §4, 1931

Decermsber 24, 1951
Japuary 8, 1952
Fubruary 13, 1952
Fehruary 21, 1952
March 4, 1832

April B8, 1952
April 25, 1952
April 28, 1952
May 173, 1952
June 2, 1952

June 23, §552
July 4, 1952

July 16, 1952

August 23, 1902
Sepiomber {8, 1852
sSeptember 20, 1852

Oetoher 4, 1952
Qetober 11, 1932
October 16, 152
Octobey 22, 952
November 13, [052
November 29, 1962
Decemiber 4, 1852
December 11, 1952
December 18, 1052
December 19, 1452
December 27, 1952
Januvary 17, 1953

Januvary 24, 1954

" June 20, 1951
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drug was so adpusted as nov to totally clear the peripheral blood of parasites, and
sub-inoculating the strain before such a clearance occurred. Table 11 and Chart 1
show the serial passages and the progressively increasing dosage schedules adopted
during the development of resistance,

cHART i
PROGRESS of SULPHADIAZINE RESISTANCE

Boop of Rberghei

Toa k

Ho0 |
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’..
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z00 i
i
ul
g 290
i
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oo

o 1 [} Iy -t L 1 L
5 1.1 i5 20 25 3o 35 40
L PASSAGE MUMBER
VT S R 5=
an o o o T 8 W v @

DU ATION N WEE KS

Sstimation of the degree af resistance.~—Yo confirm the development of resistance,
and to assess its intensity, comparisons were made on wmice inoculated with the
parent strain with those inoculated with the resistant strain, The dose of
inoculation remained identical.  The total quantity of sulphadiazine given was
0 mg. per animal to those inoculated with the parent strain and 4,500 mg. per
animal for the resistant strain. The course of parasitemia showed that the
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Darcnt stratn was temporarily suppressed by the former dose while a similur eflect
on the resistant sirain was observed with 750 times as large a dose.

Tasre I11,

Progress of resistance,

|
i
E
r
L
|
1

Passae thunher, ‘Yime taken {(weeks), ;} Degree of resistance.

- 2 R 5 10
i

3 ) 7 i 2

7 iZ 30

12 21 M)

Ly 3 kL)

) 1y 125

24 41 I 15

34 30 i AL

3 8 F 3ia
i

2 | i L340

13 | fig ; L]

1 i %) i)

Staidily of acquired resistance.--When the degree ol resistance was only 75
toid, wbservations were commenced to study rhe stability of the acquired resis-
tance, the resistant strain being maintained by blood passage through albino mice
without exhibiting the drug. The resistance was tested periodically at intervals
W four to six weeks,  No change m the resistance was noticed over a period of
nine months during which the strain was subjected to 53 serial passages.

Batches of albine mice were subinoculated from rats infected with the resis-
trast sirain during the acute phase as also during carly laiency of inlection,  The
aeguired resistance was found (o be retained in spite of passage through a dilferent
host,

Response lo pyrimelhamine {(daraprim).-—Jaswant Singh, Ray et a/. (1952) alserved
siwt o paludrice resistant strain of P, knowlest showed cross resistance to daraprim,
while Bishop and McConnachie (19504 : 1g50c) recorded a  cross  resistance
hetween paludrine and sulphadiazine m P, galfinaceurn.  Tn vicw of the structural
similarity between proguanil and daraprim (Falco ef al., 1951), it was of intercst
t see i there were any cross resistance to daraprim, a drug to which the narent
strain was reported 1o be highly sensitive {Jaswant 8ingh, Krishnaswami et ol
tg52).  Tests carried out at two stages during the development of the I‘&%!Sldrlt”e,
spowed that the strain had not lost its sensitivity to daraprim (Fable Vi,
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Virulenee of the parasités.—-The course of infection and pathogenicity of the
drog resistunt strain were compared with those of the parent strain in batches
of albino rats and albino mice inoculated with the two strains (Table IV}, Both
the strains bebaved similarly, running an acute course ending fatally in mice
within 6-12 days, while the rats recovered from the acute phase and became
chronmic.  There was no evidence of any change in virulence.

TapLe 1V,
Louise o parasitemea af the twe strains of P, berghel in mice and rafs.

Aivnat E-‘;‘:‘:‘}, Parasite comef £, Ii{m]:ﬂfjr ;}:lit;a.ys folluwing Hrse day of Remarks.
number. B8 (8 D et s e
B OIS NI NN LT W N
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M7 5 I a0 I B0 e BR0 w20 IS0 0N R0 Died 111h day.
MO RS 5 D16 w0 E B it i S0 Died tth day,
1 P LLE o S L | I 2 .. 1 | 28 i 2048 L35 276 38 | GHO Rg 2250 Died 15(h day.
Mol P 1 1S oy e TR ETR | %0 | 620 1 1400 Died 12¢h day.
AL, MY P RN LIPS oo - T ned | 090 2040 2400 :.Dim.l {tith day.

- u . | -y -
R. 526 RS G 2| 8] 24 46| 15 2560 200 (220 e8| 2. 13
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*FRecanie fatent altee varving pesiods,
FPaprr V.
Course of infection vf the two sirains of P. berghet in mice receiving daraprim.

Mouse Soraan § Torar, FARASIIE coUNT pigg [HID BB L o8 Davs FOLTOWING TNFECTION,
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_;-bf,g;w;_l 12 S [ 7 IR R T [ S 5
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*Dgraprim 0-000 ) . [20 g, in 6 doses, given Inds o these days.



18 Acquired resistance of V. berghel to sulphadiaine.
DISCUSSION.

A study of avaifable literaiure on acquired resistance of plasmodia to ant-
mutarials “Table 1) shows that such resistance against sulphadiazine has heen
vecorded by Bishop and McConnachie (19508) in P. gallinacenm and by Rollo
ygn1) in P, bergher.  Observations recorded in this paper report a 750-fold resis-
rance to sulphadiazipe acquired by P. berghet, the degree of vesistance being reckoned
with reference to the dose for class IT effect on the parent strain.  If, however, this
was calculated on the dosages required for the other dasses of therapeutic effect,
the degree of resistance would be 75-fold for class 1T effect and 3,000-foid for
ciass ¥ effect {Table VI). In view of the fact that in general practice the physician
atms at relief of symptoms often resulting from temporary clearance of parasitemia,
it wondd appear rational to compare the drug resistance of a parasite to the normal
Jdosage for class 11 effect.

Tasty VE

fhegree 5f resistance compared wuth the different doses for the three ciasses of cffect.

|
i DOsE 0F SULMTADEAZINE TN 8L/ KGL :
ass o effecton . -« Degree of resistapce,
parusite, : Farent strain. - Suipha resisiant sirain. |
) i 15 : Not done i J0UR)
1i l G-y ' ERe ) H T

in : 13t} . Mol done I 75
I

By repeated exposures to subcuarative doses of sulphadiazine, the erythrocytic
garasites of P berghet which are normally highly susceptible to that drug, were
able to develop a high degree of resistance to the drug. Throughout the observa-
ron extending over a period of 18 months, during which the parasites were
passaged 39 times, evidence of progressively increasing tolerance fo the drug was
noticed, A study of the progress of the resistance with successive passages (Table 111,
Chart 1) shows that the rate of increase in resistance was comparatively sfow in
tire earfy stages.  During the first 24 passages in fifty weeks, the resistance increased
250 fold, while with the next 14 passages during 20 weeks, the degree of resis-
sance rose to 750-fold. It would appear that the process of inducing insensitivity
to sulphadiazine in P, berghes is slower during the early stages than when a certain
degree of tolerance is established ; further merease in the resistance s neguired
rupidiy.

Acquired drug resistance of plasmodia has seen found to be of a stable nature.
The sulphadiazine resistant strain of P. berghei taken up when the resistance was
y5-fold and maintained in mice by serial passage without exhibiting sulphadiazine,
showedd no decrease in the resistance alter 53 passages over a period of nine months,

Morphologically the drug resistant parasites of P, berghet appeared identical
with those of the parent strain with a marked preference to immature red cells
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Ramakrsbnan and Satva Peakash, 19508}, The course of parasitemia both
albino mice and rats (Table 1V) also resembled that of the parent strain {Rama-
krishnan and Satya Prakash, 1950e), the former succumbing to the acute infection,
while the fatter mml?y survived and became latent alter varying periods of acute
infection.

Change of vertebrate host does not appear (o interfere with the acquired
resistance.  When the sulpha resistant strahie was passaged through albino rats,
the same degree of tolerance was in evidenee, as also in mice subinoculated From
such rats at ditferent stages of infection during the acute stage as also latency.

The sensitivity of the sulpha resistant strain of [, bergher to daraprim was not
dissimitar to that of the parcat strain,  Observations vn eross resistance of proguanil
resistant strains of plasmodia to daraprim bave aloe been conflicting. While Rollo
.1951) recorded only a slight degree of such cross resistance in a proguanil resistant
strain of avian plasmodium, Jaswant Singh, Ray ef al. {1952} obscrved a high degree
of refractoriness 1o daraprim in a nr{rqudml resistant strain of simian plasmodium,
The concoammitant development of resistance to more than one antimalarial thas
appears t6 depend notonly on the structural similarity of the drogs and sensitivity
of the organisms to the drags, but also to vary with the individual plasmodiun.

SUMMARY.

c1) Y pho-dold resistant swain o) P bergher o sulphadiazine was developed
in the laboratory .

'2)  This strain was identical with the parcnt sirain in its morphology and
pathogenicity to mice and rats,

{3} The acquived resistance was mnaltered duving 33 passages without any
treatsment over a period of nine monihs,

4} The sulpha resistant sirain was as sensitive to daraprim as the parent
skvain of P berghed.
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DESCRIPTION OF THE BGG OV ANOPHELES GIGAS
GIGAS GILES, 1gor

BY
M. . NARAYANDAN, nsc Tons

cMalaria Instibute of India, Deili)
Arecinher 3, 19330

Accorping to Christophers ©1933%, all Torms of Anepheley gigas are normally
found in high altitudes, usually 6,000 ft. or above, The type form occurs, so far
s is known, only in the hills in South India, while two varietics—A. gigas simlensis®
James, 1911, and A, gigas bailey Fdwards, 1929, have so far been recorded from the
Western and the Lastern Himalayas, respeetively. ‘The other ihree varieties
A. gigas refulans Alcock, 1913, fermesus Tadlow, 19009, and sumatrana Swellengrebel,
1920, do not occur in India jthe first has been recorded [rom Ceyion, while the
latter two only from outside the Indian region.

The eggs of 4. gigns and it varicties were not known till recently when the
cggs of the variety refutans was deseribed in detail from Ceylon {D'Abrera, 1944).
A deseription of the egg of the type form of 4. gigas is vecorded here for the first
time,

For the prescnt study, several oravid females of A nigas, type form, were
colfected from cattlesheds in Qotacamund and made o oviposit individually in
the Jaboratory on moistened filier paper.  Besides, viahle eggs were also collected
from a natural hreeding placet during one of the voutine collections.

The form of the egg s whale-back type, fength varies from 615 to 646 microns
{Average length 632 microns).  Greatest breadth incInding the floats varies from
240 to 270 microns {average breadth 244°8 microny).

Dersal surface.—Peck-single muderately broad ; full, conunuons around the
whole margin of the upper surface.  The greatest width of the deck about the
middle is about qo microns, about one third of the total width including the floats.
Near the poles, the deck surface s much narrower {60 micronsi. L The deck surface
* Rarssed! and Jacob (H42} have recorded asingle specimen of A, gigas simfousis from the Nilgiris,

+ A partinlly shaded seepage drain aear a ewclypuus grove, Eggs were foind Noating in the middle
of a sinall pond,

! This measuremens was taken inde region of the hosses.

{10)



20 Description of the Egg of Anopheles Gigas Gigas Giles, 1go1,

is fnely suppled except towards the poles where stippling is coarser and is paler
i colour.  The bosses at the poles of the eggs are very conspicuous, transhiscent
and light coloured, resembling those in 4. tessellatus, but are unlike those of other
anophelines in which they are black. The number of these bosses vary from
sweven to nine at cach pole.  Each of these bosses under a high magnification
uppears to be made up of a number of smaller ones.

Ventral as well as lateral surfaces arc ornamented with pale polygonal
sarkings characteristic of the eggs of the sub-genus Aropheles.

Frill fairly broad, 30 microns in width, about one sixth of the depth of the
cux, When scen from the side, the frill appears erect, markedly striated, continu-
nus along the margin of the upper surface, passing below the bosses, in which
vegion it becomes narrower and loses s striations.

Floats do not touch the dorsal swrface ; length varying from 460 1o 450
merns, aboutl two thirds the length of the egg (average 403°¢ microns), ‘Lhey
are placed about equidistant from the two poles. They are congated, hsiform,
necupying about half the lateral aspect of the egg in the middle portion, the ureatest
width being about go microns.  Float ridges fairly well defined, their number
varying from 24 to 2¢ ; terminations of moderate size, more or Jess rounded, and
not broader than the rest of the ridges,

The egg of the type form differs from that of its variety . gigas refuians
Aleaek, 1913, recorded from Ceylon, only in minor details, which are tabulated
elow -

' T A gigas refutans {(I¥ Alresa,

L opigas gigds . 1944)
| Lenghofegg ) 615 10 685 microns | ®40 w0 080 microns
o Breadih ofegg (including | 240 to 270 microns (average | {average for 24 cggs 2A1°04
loats} _ for 25 egpes H4-8; ; microns)
[, Becadth about the middle ;| 90 miceons |96 microns
Deck sl the poles i 66 microns ' #4 microns
1. Number of hoat ridges | from 24 10 22 ‘ hom %5 w030 o
v Bosses atpoles  lfam 79 "9 boses at cach pole
& FAl (Maximem width) 0 30 miceens < 16 mierons

‘ -
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THE RELATIONSHIP BETWEEN THE PHYSICAL STATE OF
CERTAIN CHLORINATED INSECTICIDES TO THEIR
BIGLOGICAL EYFECTIVENESS WHEN APPLIED
ON SOLID AND WATER SURFACES#,

By

RAJINDAR PAL.
‘Malaria Institute of India, Delpi)
Adaveh W, 054
INTRODUCTION,

TrE physical state of DDV, vestdual spray both on wall and water surfaces
greatly affects its biological eflectiveness (Pal, 1952 and Pal of al., 1952). Besides
HD.T., other chlorinated insecticides such as 1).D.D., B.H.C,, methoxychlor,
toxaphene, and chlordane are also being commonly used for public health
purposes, and it was therelore considered desirable to study the relationship
between the physical state of these insecticides and their biological effectiveness.
'The results are preliminary but are being submitted with the hope that they may
he useful to workers in this field.

TECHNIQUFR.

The technigues crsployed both for the adult and larval studies were the same
as described by Pal {loc. eit) and Pal of al. (lse. cit.}.

RATE OF CRYSTALLIZATION AND CRYSTAL HABITS,

{a} On solid swpfaces. ~Five per cent concentration of DT, BH.C,
methoxychlor, roxaphene and chlordance in deobase, xylene, and acetone solutions
and in xylene emulsions werce sprayed on glass panels at the rate of 100 mg, of
sceticide per sq, ft.  The surface deposits were examiined at regalar intervals to
determine the rate of crystallization and type of cryseal formation.  Like D.DUT.
D.D.D., and methoxychlor erystaltized from droplets over a period of one to eight
weeks after spraying ; but in the case of toxaphene and chlordane, no crystals were
found,  With B.H,C,, crystallization was complete within one week after applica-
tion (lelc .

. ihes{ inve: stlgduom were cary ud oul dmmt, the tcnum ol'a pmt dortma:e rcse'arr_h fcl]owshlp of the
Nadonal Insticetes of Health {1948-40% at the Communicable Discases Centre. Public Health Service,
Federal NSecurity Ageney, Savannah., (i, 115.A.

{21}
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Cdorinaled Tnsecticides When Applied on Solid and Water Susfaver.

Tance L.

Raie of crystallization and crystal habits of D.D.D., methoxychior, B.HLL,

toxaphiene,

chiordane, and D.D3. T crystals jrom five per cent solutions of these

insectictdes in various solvents applied at the rate of 100 mg. of insecticide
per sq. ft. on glass panels by means of a DeVilbiss atomizer.

Frscouieide

vt

Methomyalibor

BoHCL

Bogaoliene

[ | '

ondition of insecticide with age

D Solvent of il (weeks)* ¢ Type of erystal bahis
: i ) Loy :
e e s e Jmmmm -
! Deabase B Co ¢ o
I Rylene A Al n ! Muastly spherolitic and
: —i  masies ol both necdles
o Acetone | B | I C 1 and prisms.
________ N A ;
 Enulsion § A A D .
1 Deabase B B €
| Xylene | B o B Mouly spherulitic and
CL i S ; © masses of both needles
b Acetane : A A B f and prisms.
. Emulsion | B B ; B
Deobase | D D . D :
Kylene | N D D !
- o R ———— : Small fragments of
Acetone | R b D erystals.
. e e e i e (R
Fulsion . D Do n o
Deahase A A | A :
Kylene A A | A | Nn crystal formation,
e s+ e et granbar surface depo-
Aeetane : : , J E L
Emulsion !

Eldopsdage

[

“Xylenr- J

Na crystal formating,
- granuvlar surlace tepo-

et e st A e _] e e —— [

Acetone |[ A h i A s,

Frnalsion A | A 1

Deahase A D t P | Dendritie needle-like
e e e it b gpherulitie  interspers-
Xylene ¢ A R C ed masses of  hoth

: - ; . needles amd prisins,

Acelone A A oy

— ; ;

Emulion ] P D ' D S

* The deseriptive categories of film condition are as follows :—

(A
(8
o
D)

Moztly supersaturated droplets, only few crystals,

Approximately equal proportiong of supersaturated dropldets and crysials,
Few supersaturated dvoplets, mostly erysials,

AM ceysialy, '
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In order to gain some dew of the typieal morphology of erystals of D.DUT.,
B.HLG,, methoxyehlor, toxaphene and chlordane, the sprayed panels were examined
with stercoscopic d:saernng and compound microscopes under ordinary, polarised,
and ultraviolet light, and photographs taken of typieal formations. The size
andd erystal habits are as Tollows -

DT, 7538 70 Dendritic, needle-tike spheralitic, interspersed masses
of hoth needles and prisims Plate I, Fig, 1),

Metboxyehioe 5586 #£ Mostly spherulitic and masses of both needles and
prisms {Plate 1, Fig, 2),

B.H.CL o3y & Small individual erystal fragments in aggregates (Plate
I, Fig. 31,

1100, 3-430 0 Maostdy spherolitic and inasses of both needles and
prisms {Plate 1, ¥y, 4).

Chlordane No crystal formation, viscous film {Plate T, Fig. 53,

Toxaphene No erystal formation, viscous film (Plate 1, g, 6).

ey On legrid surjaces. - Five per cent solutions ol these nsecticides in acetone
were apphied o the surface of walter in test pans at a4 rate equivalent to one gallon
oot acre {0°4 Ibs. of insecticide per acre). Water surfaces were periodically
sxamined for crystals, These examinations were made both under direct and
altraviolet hight. Photographs were taken of portions of the different surface films
sranslerred to glass slides (Plate 11, Figs. 1-6),

As in the case of solid surfaces, toxaphene and chiordune did not crystallize
aud remained on the surface of water in the form of small lens aggregates | where-
as LD, DUDLDL, and BH.CL erystalized soon after application, Metho‘(y-
vlor uwulh/mi three days after application, although a few lenses were observed
even after two weeks,  None of the msecticides tested showed any marked difference
in crystal chusters when applied on water surfaces, although differences in cluster
SEACS WETe appinrent.

THE TOXICETY OF RESIDUAL DEPOSIYS OF THESE INSECTICIDES.

cw) Onoselid surfaces. - Vhe toxicity of these inscctivides was tested against
houwseflies. A series of glass panels was sprayed with a five per cent solution of
cach in deobase, xylene, acetone and in xylene emulsion av the rate of 100 mg. of
the insecticide per sq. . The sarfacc depasits were tested Jor their biological
cifectiveness four to six weeks after spray application, vegardless of the phases of
crystallization.

The 50 per cent knock-down time {Table I1) indicated siow activity of
B.H.LC., toxaphenc and chlordane deposits, whereas D.DUT., D.D.D.| and methoxy-
chlor depowts were comparaiively rapid in knock-down effectiveness. The 24-
hour mortality (per cent) of houseflies after 15-minutes’ exposure to these deposits

*udlmicd that this exposure was not ecnough to obtain 100 per cent mortality
Table I3,



24 Chiorinated Insecticides When Applied on Solid and Water Surfaces.

Tasre I

Azerage fime {minuies) and the 24-hour morlality {per cenl) required for 50 per
cent knock-down of houseflies after exposure lo four to six weeks old D.D.D.,
methoxychior, B.H.C., toxaphene, chlordane, and D.D.T. deposits
from various solvents. Al formulations contained five per cent of
the insecticides and were applied at the rate of 100 mg. of
insecticide per square foot.

24-hour
All-per cent }omen talicy
Insecticide Sohvem knock-down | from a 15-
time minute
{Minutes) § exposurs
{per cent)
Deolase 120 o
I Xylene 43 t0-0
D0 D B M o~
Acolone 30 QG
Frmulsion 43 04
Deolrase 30 372
" Xyiene 15 27-0
Methoxychior - —
1 Acetone 1 -4
bomes -
‘ Esnulsion 15 10-4
Deabasze 5o o
b Mylene 1204 14
B H. G ARSI TSNS I
s Acetone 120 4 1
i Emulsion 120 11
Decghase i34 260
Xyiene f0 237
Toxapheoc i N [
' Acetonse 1M i1
! Fmuision 120 28R
Deohase 120 00
. Xylene 120 4- 17
{hlordane _— e e
: Aceume 120+ A0}
1} Emulsion 120+ [t}
Tcobase 20 998
i
;I Xylene 20 099
D.D.T : Acetone 25 877
E Lmulsion 20 9.9
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(6) On iiquid surfaces.- -Sotuvons of 0'6 per cent oi these insecticides both
m fuet oil and cycijohexanone® were applied at the rate of one galion per acre
w05 W, of insecticides per acre) to the surface of water in test pans (Table ITT).

Tasre 111,

cbverage 2y-fwur mortality { per cenly of fourth-instar A. quadrimaculatus larve
after sy-minute exposure o larvicidal fitms of O per cent solution of various
insecticides both in fuel oil and cpclvhexanane, applied af the rate of
one gallon of solution per acre.

[_

Age of trcatment in days

Unsegtiade - - ———
of vl 4 5 o8f v sjriizielis
,1 BILC lwles]se|s0] 2
| T'oxaphene |16 8000 501 to
Suluiion 1 Methoxyehlor ... | 20 1100 f100 {100 | 20
in Muel e U FRPPIUUUPY (PR IR [P, I —
ot ;7 Chlordane LB iw Lol 0
© DD, o | 63 1 50 1100 {100 | 90 | 70 00 | 90 | 90 | 25
;. DT v PO F 00 500 |00 | 95 1100 3 95 ] 00 | 95 | 05 | 45
BH.OC i B ]
: ‘Toxaphene 100 0 a
i Methoxychior ..} d..je0f ] o
P IX1 31101 RO I RS e Ja -
m cyelo- Chiordane 1y 80 ¢
HERANOTE | wrm e f— |
(A2 0N N wo | how ] Lo [se) o fa0] o
- DIDT o |0t o0 Diog H1e0 [HK (R [10¢ 100 {Over 38 days
i

In another scries of tests, the insecticides were combined in various proportions
for possible synergistic effects and tested against 4. quadrimaculatus larve. It is
concluded that :

y. B.H.C., methoxychlor, toxaphene and chlordane did not compare
tavourably with D.D.T., whereas D.D.D. did.

2. Combination of insecticides did not give any prolonged residual effect,
There appears to be no synergistic effect when these insecticides are
mixed together and applied as larvicides.t  (Table IV).

A series of experiments was also set up to determine the effectiveness of these
msecticides when applied as emulsions.  For this purpose five per cent xylene-

A

‘I'riton X-100 emulsions of D.D.D., B.H.C., methoxychlor, toxaphene, chlordane,

*Thest two solvents were selected because THET, sofuiion in these solvents gave exiremes of binlogical
effectiveness {Pal et al., loc. citl).

1This is intervsting as DT, and BH.G. combincd sprays have been found to be comparatively
wore effective against adull mosquitoss when apphied ag a residual spray, particularly on mud surfaces
“Pal, 1951 3 Jaswant Singh et @f, 1931 ; Dicke and Paul, 195) ; Van Tiel, 1952 ; Sharma and Pal, 1552
and Davidson, 1953.)
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andh DVDUTL were applied at a rate equivalent o oue gallon per acre (g ib, ol
insecticide per acre),  OF these insecticides, only 1.D.D, and methoxychlor com-
gared favourably with D.DUT. (Table V). Tt seers that methoxychlor is more
offective as a larvicide when applied in the form of emulsion than as a solution in
Number 2 fuel oil or cyclohexanone.

Tanire IV,

freraye 24-hour merlality {per cent) of fourth-instar Ao quadrinraculatus larve
afier yx-minule exposure to larvicidal films of 0°6 per cent solutions of various
combinations af synthelic insecticides in fuel vil applied at the rate of one
gallon of solution per acre.

Age of trealinent i days
Tnserticides e ——— S R o e o -
& 1 " 7
s, BH L, wexaphene, methoxyehior,

“hbordane, and DD 001 per cent each 1} 14 (1) 14 ]
DT 8 per centand elilordane 2 per centp 30 70 ity R In
3101, 608 per cent and DD 63 per cent ] i1} TH) Bir i
DD 03 per cent and BH.CL 03 per cemt {t ]| M) 168 14

Tame \,

Voerage 2 4-honr mortadity < per conty o fourth-instar A quadrimucolatos love
after 35-minute exposure {o lavvicidal fiims of five per cent emulsions of
varions insecticides applied at the rate of one gallon of soluiion per acre.

Age of rvannewt in davs

L et i Sy o S

it P2 4 7 # LI I L O I PO (RS LU B

N, v o o fras hoo Lo we |0 [0 o Tae [0 [on
Methoxyehlor ... {70 {30 |70 [ s oo e oo w70} 0] we |
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SUMMARY,

Uhe velationship between the physical state of D.1D.D,, BLH.C,, methoxychlor,
roxaphene and chlordane deposits on solid or water surfaces to their biological

~flectiveness, has been gtven prelimipary study.
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Pleohase, wylene, and acelons solutions and sylene civaistons of (Bose Bsecti-
viddes were spriayed on giass panels, and the crystid habits and rates of crystalliza-
tion were deteymined. DD and methogychtor erystallized gradually in one
wr eight weeks 1 no cevstalline structures oceureed from toxaphene and chlordane
deposits, white BHLCL was completely crystallized within one week after applica-
Hon,

U waier surlaces, five per cent solutions ol these nsceticides inacetone
wery applied at a rate equaivalent o one gallon pey acre {0'y b, of insecticide per
acre). DDLDL and BH.CL crystallized soon after application 5 methoxychlor
after three days, while toxaphene and chlordane rematned as small lenses.

Deposits of 100 mg, per sq. [t of these insecticides in deobase, xviene, acetone
sofutions and iu xylene emulstnrs were prepared on glass papels.  'Dime required
for 50 per cent knock-down of house flies was two hours or more with B.H.C,,
chlordane, and toxaphene deposits but comparatively rapid with DUDJT. "and
methoxychlor deposits,  Exposure of adult {lies for 15 minute periods (o these
deposits did not give 100 par cent 24-howr mortality in any case.

B.H.C., methoxychior, toxapbene, and chlordane gave residual eflfectiveness
ifertor to LT, when apphied as 06 per cent solution in fuel oil and in cyclo-
hexanone at the rate of one gallon per acre.  Results with DD were comparable
to those with DT, especially in fucl oif films,  Various combined applica-
tons did not show any synergistic action when applied as kwvicides.

Of five per vent of B.H.C., toxaphene, methoxychlor, chlordane, 1D.D.D.,
and 1LDUEL in xylene emulsions applied at a rate equivalent to one gallon per
acre {04 1b. of nsecticide per acre), onlv DD and methoxychlor compared
favourably with D.DUT. agamst A guadrimaciiatus Tarva.
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THE RELATIONSHIP BETWEEN THE LIPOID SOLUBILITY
OF D.D.T. AND 1ITS CONTACT TOXICITY TO
HOUSEFLIES AND MOSQUITOES.

sy
RAJINDAR PAL,
M. E D SHARMA
ANE
B. S. KRISHNAMURTHY.
‘Malaria fnsttute of India, Deihi.;

PMarch 18, 190,
INTRODUCTION,

ArTsOUGH, a5 a rule, chiorinated hydrocarbon hnsecticides are poisonous to
ail multicellular organisms, their apparent specificity to insects is Jargely due to
their ability to penctrate the cuticle.  In fact, the penctrability of a chemical is
of more importance than its intrinsic toxicily as a contact insecticide, The first
step in the penetration of a contact insecticide is naturally its dissolution in the
epicuticular waxes.  Pal (1950) studied the wetting of insect cuticle by insecticidal
liguids and found that apart from the chemical and physical nature of the epicuti-
cujar waxes, irregufarities on the body surlace of the nsect were also important.
The case of residual insecticides is, however, completely different.  The insecticide
is not present in the lorm of a liquid, but is available as crystals.  Under these
circumstances the rate and degree of dissolution of crystals in the epicuticular waxes
is a factor of primary importance in the toxicity of these mmsecticides. As has
heen pointed out by Pradhan ef al. {1952), there is no experimental evidence of
this phenomenon, and the relative solubility of insecticidal chemicals in these
cpicuticular waxes has not so far been studied.  They investigated the solubility
of D.DUT. crystals in epicuticular waxes extracted from the larval exuvie of
Fuproctis lunata wik {Lymantridae, Lepidoptera) and Trogoderma granaria FEverls

24
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Berestidae, Ooleoptera) and found w corrclation between it and the suseep-
ribitity of the fusect to DLDJT. residual deposits. T, granarie as  compared to
Huproctis lurala was found to be less suscepiible to DUDVT. und the solability of
13DV erystals in its epicuticular wax too was poor.

Tn the control of insects of public health importance, # has been corymandy
ahserved that DUDUT. residual deposits are generally more foxic to houseflies and
anopheline mosquitocs than to colicine mosquitoes.® This difference may be due
e the area of contact which these insects offer to these deposits, or 10 (he compara-
tive solubility of D.DUY. crystals in their epicuticular waxes or that some fuscets
we physiologicatly more vulnersble than others.

The present studies were undertuken fo determine whether the apparent
drtferences in the toxicity of D.ND.T. to the normal strains of Musca nebulo, Anopheles
siephensi and Culex fatigans was in any way related to the difference in the rate of
dissolution of D.DTL crystals into the epicuticular waxes of these insects,

TECGHNIQULE AND RESULTS.

Bpiectcalar waxes (Bpoids) of these msects were obtained separaicly by
mncesing a large number of cach of three insects under study in chloraform for
24 hours.  The lipoid chloroform solution was then filtered in cach case through
2 sintered glass Nunnel and the chloroform was allowed to evapaorate af room
temperature.  One per cent solution of the lipoid was prepared by redissolving
the residuc in chloroform.  One ¢,c. of this solution was then uniformly applied
i the excavated portion of cavity glass slide {area about 2727 sq. cm.) which was
kept at room temperature lor 48 hours 10 ensure complete evaporation of chiforoferm
icaving a more or less uniform wax film.  The cuticular fipoids of the three
insects were seen o have distinet characteristic patterns of their own as s evident
rom their photo-micrographs (Plate IT1, Figs. 2-4).

Fine crystals of specially pulverised DUDJE, were dusted on to these wax
treated surfaces and photo—micrographed at regular imtervals of five minutes, 30
winutes, one, three, six and 24 hours without in any way disturbing them. It
was ubserved that in the cuticular lipoids of AMusca nebuln and 1. stephen:e, 1.1
crvstaly started showing signs of dissolution by losing their shape and dwindling
i size almost immediately, but in that of Culex fatigans they did not dissolve even
Afler 24 hours {(Plate VI, Figs. -6).  In the case of Musce nebulo, complete
disappearance of crystals was apparem alter three to six hours (Plate TV, Figs. 1.6)
while in ., stephensi most of the reystals disappeared in six hours  (Plte V),
Figs, 1-65. This is of considerable interest because this observation is in complete
conformity with the bhiological resistance of C. fatigans 10 DT observed in
it Lerc,

SUMMARY.

LT deposits are gencrally more texic to howosellies and  anopheline
memguitoes than to culicine mosquitoes. Besides other [actors, this may be due
*Standard lahoratory bred norsal sirnins of Miccr achuls, A, stepherst anc, Onlex fabigans when eaposed

s LT deposiss (A0 mig.fey. (1) on glass pancls, eeguired 36, 23 and S8 minotes Tor 3% per cet
anvckdown and 510 30 and T minutes for 100 per cont knockdown, respretively,
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1w the differcnce mothe rate of solubiliey ol PLIUT crystals o the cuticular lipoids
of various insects.  Studies showed that DL, crystals dissolved comparatively
wtore rapidly in the epicuticular waxes of Musca nebulo and 4. slephensi than in that
ol'C. fatigans and there appears (o be & divect corrclation between the poid solubility
and the insecticidal actinn,
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EFFECT OF ORGANIC MATTER IN THE CONTROL
OF CULEX FATIGANS BY DT, LARVICIDE,

By

. PARTTHASARATRY,

‘Madras Stete Health Service}
AND

C.W. KRUNE.
{ Johns Hopkins {niversity, Schovi of Hygeene and Public Health, Baltimore, Md.}
CApril 8, 1954.)
INTRODUCTTON,

I omany garts of the world, Hariasis sl remains a najor problem of public
health,  Manv spedes of mosqoitoes have been discovered to act as intermediate
hosts to the filaria Wackereria banerofti.  Of these, Culex fatigans appears to be the
wutstanding vector of filariasis.  Although the k;mwlcdg{ of the impmta,nce of this
mosquito in fifariasis transmission has been known since Manson™s demonstrations
in 1878, not much information has been assembled on the bionomics of the Culex
species as compared with the large volume of literature on the Anopheles malaria
veckors.

‘The contvol of filariasis cither by measures against the adult mosquito or
against the pahhlt(‘ in man, alone has not given satisfactory resvlts so far. Even
residual spraying of dwellings with D.DUT, has nol vesulted in a dramatic reduc-
don of filariasis.  Reports from Ryitish Guiana (1950) show that Culex fatigans
possesses a greater tolerance to D.DJIL treated surfaces than the othex moﬁqu;to
species of public health significance, It is also reported by Kohler {1949} that in
St. Croix, Virgin Islands, the residual spraving reduced the Culex population by
about 50 per cent anly.  He further showed that of the €. quinguifasciatus collecied
in the areas treated with DT, the infection rate has been reduced by about
50 per cent. Ol larvicide applied 1o the typical breeding places of Culex fafigans
has met with moderate suceess.
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The wdeat breeding situation is the sewage polluted pudcles in ud arousd
sihau areas where tremendous numbers of this species may be produced from a
relatively small breeding area.  The use of DLDT. has helped considerably in
reducing the cost of oil larviciding.  When applied to clear water breeding places
of Culex _fatigans a1 a rate of o1 to 0°2 th. DLT. per acre* cffective corurol has
heen obtained.  Such favourable control has not been obtained on the flithy
sewage polluted breeding places.  Twao or three times the normal dose has not
vesulted I consistent control of the lurvae of Culex fatigans.  While s has been
4 geneyal observation among feld workers, no rational explanation ol this incoun-
sstency 1o results has so far been attempted. Since these ideal breeding arcas
ni culicing mosgquitoes have a high copeentration of organic solids, these salids may
rave a bearing on the toxicity of DT, as a mosquito larvic ide. This has becn
-uggesied by Arnold, Ferguson, and Upholt (1945) who were studying the lonss
Af vesiduat offect of DT, by the action of the boitom mud complex of ponds
treated with heavy dosages of nNY. U 'pholt {1947} reported that the inactiva-
ven of DLDUT. used as residual larvicide for anophelise mosguaitoes was due to
the physical adsorption of DIV, on the oganic particles of mud and <alt. He
‘nrther suggested the use ol competitive ar[mrhonts 1o divert the orgamic matter
rom the D.DUT. A practical pmu‘dutclm overcoming the difficalty of larvicdimg
grossty polluted water by residual DLBUT. application has been described by Shear-
man {1950).  The techuique calls for the suspension of DT, plaster ol parts
waw dust bricks or pellets six inches below the suvface of open seplic tanks.  So
suspended, Culex control was obtained for 24 days. No control was obtained
when the bricks were allowed to setde (o the bottom,

Most of these above-mentioned studies dealt with the heavy dose residual
.13 1, larviciding and the problem of rapid decay of toxicity. The most cconomical
ase of D.DVL, calls Tor much lower application rates applied routinely, 1t was
the aim of this study (o deternsine The effect of organie solids on the initial 1oxicity
af TLIL'T. o tarvee of Culex )‘r:!zrfanl and 1o suggest modificazion in routine farvi-
adiog tectmiques for improving effoctivencss of this operation. Tt is further hoped
i0 show the effect of organic solids on the produetion of Gulex faligans and 1o point
to the need of altering the characier of ideal breeding places:

MITFHODS AND MATERIALS

in vew ol the need for very closely controlled experimients, adl tests weie
coaducted in the laboratory with inscetary reared Culex fatigans.  The lavvae were
reared in and fed on the standard canned pea soup solution.  The soup, ol the
srained baby [ood type, was diluted 10 1,000 p.p.m. total solids with distidfed water,
About one percent by weight of veast was added and the whale matured in a cloxed
botile at room temperature for two days.  Aduit Culex [m!'omn were fed weckly
am dive chickens and supp]ci‘nf:m{‘d with fruit of dilute honey.  No ditficully was
expericnced in maintaiping a favge, hearty mosquito popuk .mnn.

Tn afl larvicidal tests, only early fourth or late third instar larvae were ased.
lhe tests were conducted in singhke service, water-proof, carbdoard containers.

*Refor, - P F, Russell’s ook on Malastology 3 oand Health Bolletin Noo 4, po 32 ol the '\ialmm
Pinagitarny, Phelhis
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Fhree, of different sizes wued shapes, were employed i order to obtain the relation-
ship of water voluine to surface area to 1.1E, dosage applied.  The number of
farvar used in each replicate was varied from ro to tho. It appeared that larval
densities of at least one larva per square inch of water surface gave reasonably
congistent results,

The experimental design 15 summarized as (ollows

Water velunte Waler wren Yoluine Number of larve

e s, Cnh suirface replicate
bty \ Han it U [ Al
3 Ept iR 35 o4
¥ B . at NeA 23

BT technicad applied expressed as -
Pounds LT, area of water surlace
Pares DUV E fmillion parts of waler {p.pan.}
Microgrivms DT flacva {pralarva)

Larvicide tsed ;0 Bmulsion concenwrate in kerosene containing 1oo mg. D.DVT
technical and 100 mg. emulsifier B 1956 per mil. of solution.  Final aqueous
cmalston made by measuring owt concentrate with Number 26 hypo syringe
inta 5 c.o. distited water,

Clontrol spray @ Same as above but omiiing the DDT.

Application @ Measured quantities of spray were applied sniformiy over the water
surlaece with small DeVilhiss atomizer.

Mentality @ Recorded av end of 24 hours, Al mortality was corrected for controls
by the folfowing :

Per cemt mortality DK

o Y o K
where Paper cent kill due 1o DUDVTL karvicide.
K - per vent kill due o kerosene emulsion,

Angular vadues @ Angles in degrees corresponding to percentages, obtained by
the equation ¥ angle~=Arc Sin V percentage. "The values were computed
by €1 Bliss tables - Refer Spedecor 166 and 16-7 for poison distribution.

PROCEDURE,

Before larvicidat tests could e angueated, preifininary investigation was
reqquited on the effect of organic sofids on the growth and production of Gulex
Jatigans,  To obtain this necessary information, standard white enamel basins
- inches K12 inches were filled 10 a depth of one inch with concentrations of pea
soup solutions from 8,000 p.pan. down to plain tap water. FEach basin was
planted with 50 freshly hatched first justar larva: of Culex fatigans.  The larval
growth was watched, keeping the liquid and solid concentration in the basins
constant during 1he period by adding water to compensate for the evaporation joss.
The lirvae pupating cach dav werceonnted and weighed for each concentration of
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pollution.  Belove weighing, the pupa were dried in two successive dry filter
vapers for two minutes before (ranslerring to a dry crucible for weighing on an
analytical balance.  The process of drying was quite uniform and was facilitated
by the pupw frisking about on the filter paper.  This procedure did not kill the
DUnDE.
o The results of these preliminary investigations are given in Table T and
the average of all trials are shown in Chart 1. Since these tests were all done
under normal room temperature, the various trials were not strictly comparable
with each other, but it is helieved the concentrations in each trial were comparable
getween themselves.  The 1,000 p.p.m. of total solids in the growth solution gave
i four trials the maximum survival raze and also the maximum average weight
per pupa. The survival rate is high for lower pollutions, but the weight of pupa
decreases, If survival and weight of pupa are together taken as the index of growth,
thien 1,000 p.p.m. is the optimurn, the growth decreasing with either increased or
dJecreased pollution concentration.  Above 2,000 p.p.m. total solids, there appears
1+ he less growth and at 8,000 p.p.mn. the growth is definitely inhibited.

Tasre I

Kifect of urgunic polution on the growih of Culex fatigans larve,

Lottution ! Per cent pupation {I*) Average weight of pupa in mg (W) jGrowth
ol solids - factor
.. 1 2 3 4 lAverage] | 2 3 1 [Averagei WxP
woon | 01 21 81 6 21 | . | 28] 3w .. | 33 | su
3,010 40 2 L 45 340 .. 34 5.2
(W ] it 12 2o kty AR O T S B I O S A1 3T
R I . L3 i1 Yii-iy 4020 Gch] w9 1 824
BRI [EH] LS 14 TS 331 3-8F -0 N4 201
1,300 a8 a2 |4t 455 300 4-1 200 -8
HRLE L HCH 1] 44 w2 hERaY 36 -3 19 17 310
P 42 0 {40 4] 37 3 { 15979
M i hi H 3O 6TR A-2f %90 ek ; el t pxs-E
E LI SV RN | B ST - YO S RN AT i 1691
. t

From the growth-poliution information, it was decided to set all larvicidal
test concentrations of pollution of 1,000, 2,000, 4,000, and 8,000 p.pan. of total
solids,  Of the two types of containers employed to observe the arca-volume rela-
tionship to larvicidal efficiency, the deeper cup was considered to be more com-
parable to the natural breeding places, having an area-volume relationship 1/5
that of the paper plates,



1. Pas Jll(u'ctméf{)f

and € TV Kruse,

37

CRART 3.
T
E 80
[ oad
x
ud 5 D4 SURVIVAL ~ P
.4
ut
[+ 4t 4
=
o
for 201
s
.
g o) ) ] a
0 1000 2000 3000 4000 BO0OO 6000 7000 8OO0
POLLUTION IN PPM TOTAL SOLIDS
z
@ HARDINESS - W
F o4
z
p
e 7]
al
3
ha
<5
.
- [
£
%
0 51000 2000 3000 4000 5060 €000 7600 6000
“OLLUTION IN PPM TOTAL SOLIDS
3004
i 250/
= GROWTH-P x W
T 200
>
8B iso0
z
< 100
".-
2
e VR
1.3

FOLLUTION

5 1000 2000 3000 4000 5000 s%o 7&0'3W

IN PPM TOGTAL SOLIDS




38 Organic Matter in the Control of Culex Fatigans.
TapLy b (u)
Sununary of dala shiained on the mortafity of mr@ﬁmtk- tnstar Culex fatigans

Iareae tn arfificially polluted waters with various dosages of D.D.T. expres. ed
as parts per million, micrograms per larvac and pounds per acre.
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Aand B¢ Containers depth aveas not grealer than 1.
[ Cammainers depth arca uet less than 1,

RESULTS OF LARVICIDAL TESTS,

Several preliminary runs were conducted on the pollution series with dosages
of TLDUT. varying from 0’015 10 a'og tbs. DD E facre or o'0b to 0'0y p.p.m. or
04 10 6'0 micrograms DLDVT. per farva, The results of these tests were averaged
Jdisregarding the concentration of total organic solids m the test solution in order
that some idea of dosage mortality could be oblained for Culex faligans. As is
often the case with pan tests, these dosages gave much higher kil than would be
anticipated in field application.  The results of these preliminary vestigations
have been plotted on log probability paper {Chart 2) using the three different
DAVTL dosage parameters, poundsfacre, parts per million and micrograms per
v, Bog scale has been adopted for both axes as it will give the same curve,
as nadural scale, excepting that in the former, the wide range s condensed to a
smadl space. Only an ordinary straight fine refationship has been iried to be
fitted 11, hence the same scale for both axes has been adopted with a view to show
the graphs in the same sheet,  From these curves, it may be concluded that the
1L.Dys for Culex fatigans in the bicassay would be about o'08 pounds ILD.T.jacre
or o2 p.p.m. or 2 micrograms D.DUT flarva. It should be noted that of the
narameters of dosage employed, pounds DD T facre seems to give the poorest
fit while p-p-m. of D.D.T. gave the best fit and most consistent results. In theory,
the micrograms/larva should give the best fit provided the number of larve used
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b cach test s sufliciendy large so as 1o vecupy all of the volume yet not so great
1 to share available D.DUE. per unit volume among too many individuals.®

Tapre 1.

The sifeci of organic solids on the movtality of Gulex latigans fo DT, emulsion
lavvicide applied al 006 pounds D.D.T. acre equivalent o o'12 p.pom,
DDT. or 202 g, D.DT. per larva.  Ten replicates of
(8 of 25 and 2 of §o} fourth-stage larve.

Potiution @ - Correcisd inortahty in per cent . Crongrol yonsaliny
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T'he rest of the eflect of organic pollution on larvicidal cfficiency is tabulated
iu Table 11, The dosage of D.D.T. applied was chosen as one expected to give
good Kill in tap water. The dosage was applied to a series of 10 replicates of
25 larve for each organic pollution concentration icsted. The values mean/
variance were examined and [ound to be practically constant indicating that the
values of the variance in percentages depend to some extent on the mean value.
fu such cases, where the mean and the variance are not independent, Potssons
distribution has to be assumed. Tor tests of significance, 1t 15 desivable to change
the variables into a new set of values wherein the mean and variance shall be
independent.  This transformation s achieved in many ways, of which conversion
of percentages to angles is one —Refer Snedecor, p. 447. 'The percentages were
therefore converted to angular values,  Of the ten trials, two had a sample of 50
wistead of the 25 in other tests, and hence were omitted for the analysis of variance.
The varianee ¥s also compared by Fisher variance rates to control the other varying
factors in the experiment, such as temperature, ete.  The results of this statistical
tost are (abulated as follows o

S af variation Degrevs of treedom . S of sepoeres { Mean sguare
Potntions 3 L B . T
Trials co 7 4R I k13
Discrepamey .- 24 HiK 14

*1'he desirable larva densily may be detennined experimentally as was later reported by Kruse e ol
Jiasde —Factors affeciing evaluation ol insecticides againgt Anopheles larva -7, Fron. Fni., 45, {43, p. 308,
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Relerving o appropriate tables, i may be Toand that the variation in kills hetween
polintions is largely significant.

The ten tests 3, 3 and 4 were done on thece different days separated by a
week or ten days and hence were not under similar atmospheric conditions, as
they were all donce at rooma temperature--~the idea being to do the tests under
normal field conditions as far as possible.  The peollutions were also prepared
alresh for each day, keeping the same maturing period i the constant room tempe-
rature and measuring the pollution by the total solids alone.  Even though tutal
solids gives a rough refationship (o the other characteristics of the sewage as B.O.D.
¢te., it could not be said that the other characteristic of the pollution were exactly
the same on the three days, after the pollutions were placed on the test pans, It
was probably because the three groups were not exactly comparable, that the varia-
tion between trials is high,  This was the reason why the trials were included as a
vartable and the analysis has been made for two variables, Nopmally if all the
wials were done on the same day, the analysis shouid have been for one variable
only viz., pollution,

PDISGUSSHON O RESULTS,

There was practically no kill in the fourth- instar larve introduced in the con-
troby for all tests,  This appeuars to he contradictory to the information supplied
by rearing experitnents where pollution concentrations in excess of 1,000 p.p.m.
exerted 2 significant inhibition to larvie development.  Morcover, the lourth- instar
tayvar introduced to the higher pollutions not only survived, but pupated with as
sood a weight as those grown in the optimum medium, This wonld seem 1o
indicate that advanced stages of larvie floated into highly polluted pools may
hatch out info as good an adult as auy.  Hence, higher organic solid concentrations
qartificial poHution) cannot be relied upon for complete control but it may prevent
heavy production from deposited ova.  In lower poltution concentrations, the
hardiness of the larvie seems to decrease, although the survival rate is quite high.
‘This may account for one of the factors Jor greater DT kil in the lower polhu-
tion concentration by the Jowering of the resistance of the larve.

Tt is fele that inconsistencies in larval kills of Crlex fatigens in polluted waters
may be partly explained by the measuring of the dosage ol DLDVT, applied.
Much of the information on mosquito control with DD.T. in the literature is
hased on Anopheles mosquitoes which are top fecding and generally clean water
species, Tt bas been repeatedly shown that they were susceptible to very low
dosages of D.IVEL applied as surface dreoplets in oil solvents,  Surface application
of LDUT. at the asually recormmended dusage of 01 pound B.DLVTL per acre may
not be expected to give satislactory kill of Culex fatians in all sivuations,  With
emuision farvicides it may be assumed tht the DIVT, particles diffuse through
the body of the water and are in greater contact with the Culex Tarva than when
deposited on the surface.  The application of DT, as pp.m. of the volume of
water in the breeding area bears ittle or no relatonship to the arca dosage but
rather on the depth of the water in the pool. The bicassays show that D.D.T.
dosage on the pound per acre basis is considerably unreliable. Tt may be seen
that the arca 10 volume ratio of the 1ypical breeding aven for Culex fafigans is so
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smad! that DDV on the area basis will give very liwtle D120 per unit of volume,
X much Dhetter expression would be on the p.p.my. basis, 1¢ is fele that practical
difficulties in expressing dosage in p.p.m. may be minimized by preparing suitable
application charts,  Assuming that a field applicavion rate of o5 p.p.m. D.DUT.
will he necessary for satisfactory control, a chart may be prepared similar to
fable IY1.  Thns, by adjusting the uozzle discharge and the per cent DLDJT, in
the larvicide, reliable dosage may he maintained for arcas of some known average
depth, The manmer of applying the furvicide would be the same as normally done
with any DT Larvicide, i.e., utilizing gond atomizadon, wind drift dispersion of
droplets, et
Tasrr TTF

Nozzle ducharge nd, min,

Wwoerage dopth Conreptration of IL10T, in emubion Iayvicids -per contd,
af ool it T R L TR SRS -
| - O |l 3 [ ] ! i
[ — m—— e . e e e — - — o .- .'t._ .
o ate L. .. } :
I T R , a
Er PEA0 575 | f f
g o UORSH oaTe o 235 | e e ! ,
i B '
1 Piofd 0 05 HTH L dun : ; L e
: | : !
) S i 93, TIH AT0 | 475 [ '
i TR T S [ T S R S 1
] : N
Basis 0 Slow wodding marchr pace- <20 [ effective swath = 15 acre'min.

Comnnon nozzkcs—3MY (o 1,000 m.fmin. ac 40 pad,
Freatment dosage 03 popam, DTN

Uhse can ondy speculide as o the mechanisin by which particular organic
olids in the breeding medium lowers the efliciency of D.D.T. larvicide on Culex
jatigans. 1 it is assumed that the D.DUT. in miinute emalsion particles are win-
formly distributed throughout the medium, any great increase i organie particles
aver the mumber of D.D.T. particles could impose a mechanical barrier between
the seet and the insecticide.  Abso, as the total solids inerewse, the more abund-
uil hecomes the organic food in the breeding medium,  This may tend to
siminate the inseet’s veed for extenstve foraging and consequently would reduee
e chances of contaet with D.DUT.

Again, there is the theory of physical adsorption of the 1.D.T. an the organice
nertcie.  If pools are quiescent, the organic solids tend 1o settle and much of the
1,127, would be swept to the bottom where it becomes insecticidally incffective.
1t would scem that this thesis is supported by the success of the lceching or slow
dissolving type of D.DUT, application in open sewage pools as opposed to the in-
~Hectiveness of a single massive D.LT. dose Tor residual larvicidal effect. These
factors deserve further study,
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SUMMARY AN CONCLESHONS,

Laboratry studies were conducied 1o assess U relationship between the
vrganic total sotids in the breeding medivm to the control of Culex fatigans with a
NLDUT. emulsion arvicide,

The resudts of these studies seem to show that the wotal organic solids act
Hotwe ways in the mosguito t'(mtm! ]‘Jl‘l)l}l(’lli First, 1 ereading conditions (or
s UITo pmduumu and secondly, plnsn'lll\ ||m,rit~11ng1 with the contacl of
the mosquito larva with the DT, ;mm{_ le.  The optimum pollution concentra-
ton for production of Culex  fatigans was found 1o be 5,000 ppam. total solids.
Above this value there was a definite inhibition to mesquito production.  One
vannot conclude, however, that increasing the solid concentration of sewage pools
will result in a practical dlltl-n‘l{).‘,quﬂo measure. It has been shown that as the
solid concentration increases, the elliciency of 1LIVT. larvicide decreases, It
appears best fo concentrate cffort on the removal of sewage solids from the waste
wauter entering open drainage ditches. This will act in the direction of pr nducmg
less hardy mosgaitoes and conditions which yesult in efficient control with D.D.T,
farvieide.

Fe becomes quite apparcst that the customary practice of applying D.D.UT.
tapvicide on a pound per acre basis is of no valee in the control of Culex fatigans
in sewage polluted pools,  The experiments show ihat the dosage should be recom-
mended on a p.pam. or volume basis,  This will require the ficld forces ro prepare
dlosage charts for applying the proper amownt of larvicide to pools of varying depth.
From laboratory cxperience, it appears that a D.IVT. dosage of 0°2 p.p.m. gave
satisfactory control of Culex fatigans in all ranges of organic solids up 10 8,000 p.p.m.
Hhis figure probably will have to be raised 10 meet existing conditions in the ficld
and probably will be as high as o'5 p.p.m. for grossly puﬂutt‘d pools.
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A FIRST RECORD* OF ANOPHELES THEOBALDI GILES, 1901,
FROM MYSORE STATE.

BY
3, R. BHOMBORE,
{Burean of Malariology, Mwore Stale MHealll Depariment, Bangalore},
N, L. SITARAMAN
AND
v ACGHUTHAN,
! Malorie Dnvestisation Cendre, Naklaspur.)
fansary 21, M5

TrE variows lists about the geographical distribution of Indian anophelines
by Covell and Puri (1936) refer to A, theobaldi Giles as a common species in the
central and western portions of the Deccan Plateaw, though also recorded from
scattered localities in other parts of India. Mysore State has not so far been
included in the known range of distribution of this specics,  The species recorded
by the Malaria Investigation Cemire, Saklaspur, Hassan District, Mysore State
‘Rao et al., 1952} were the same as those recorded already in the various anopheline
surveys conducted at the Malaria Study Station, Mudigere, Chickmagalur Distriet,
Mysore State, up to 1933, and this species was not recorded,

In the course of observations on the helaviour of anophbefines in relation to
structures treated with DUDUT. and B.H.CL, opportunities avose to study intensively
the anopheline fauna of a village {Koliahalli) ncar Saklaspur Town. During
these studics, nineteen species of anophelines already recorded from Mysore State
were taken,  In the early hours of the might of February 16, 1953, the first speci-
men of 4. theobaldi was collected from u cattleshed. Another specimen was taken
a tew days later in the same village, '

*Pyblished with the permission of the Director of Publie Health, Mysore Staie, Bangadore,

A
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This species closely resembles L maculaius ¢ boe ic distinguished from ic by
the consistent absence of the dark band on segment Jour of the hind tarsus, last
1o segments of the hind leg being continucusty white (Christophers, 1g33).  As
au individual variation, such a condition may sometimes be found in .l macnlatas
adso, though as a rule one leg at least shows the presence of the dark band.  As
nointed out already by Christophers (fe. ¢ft), there are some minor differences
in the wings and the legs of the two species.  Tn o Heobaldi the base of the cosa
is darker than in A. maculatus and dark arcas on cnsta are mare extended ; fore
ratsi are only apieally banded and mid tarst are very narrowly handed. The
taevar of the two species appear to be indistinguishable from each other [Puri,
t949)

A number of larve indentifted as L maesdatus were reared, but i adl cases
the sdults emerging confirmed the larval identifications. Farther studios on the
larval and pupal skins are in progross,
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SEASONAL PREVALENCE OF ANOPHELINES IN WESTERN
HILL TRACTS OF MYSORE STATEL.*

Y
S, R BHOMBORE,
Burean of Malarwlegy, Mysore Staie Depariment of Publie Heallh, Bangalore),
N L SFPARAMAN,
Lniomelogisi, Malaria Ineestigation Cenlye, Saklespur
AND
. BROOUKE WORTH.

Stafl Member, Diciston of  Medicine & Public Health, The Rockefeller
Fouwndation.

IR E TR {EM 11 R R L Y :
ENTRODUCTION,

Pusistigs observations abont the seasonal prevalence o anophelines
western hillstracts of Mysore State are meagre, and almost exclusively deal with
the records of  anopheline surveys  conducted at Mudigere, Chickamagalar
District, Mysore State {Sweet and  Ran, 1933}, With the establishment of a
Malaria Investigation Centre st Saklespur, Hassan District, Mysore State, in
1950, in the heart of the Malnad, opportunitics arose 1o coflect a weakith of informa-
fion pertaming not merely to matarta veetors but i the anopheline fauna as a
whote.  "Fhis knowledge was gained through routine and standardized methods
of population sampling as practised by malarielogists, namcly, collection of larva
fromn their breeding places and of adubts from daytime resting places,

*he studies on whicl this paper 3 based were condueted by the Burcan of Matariology, Department
2 Pubtic Fleatih, Government of Mysore, with the support and nndeg the auspices of the Divisien of Medi-
vine and Puldie Health of The Rockefeller Foundation.
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in this paper, the data accumulated over a period of two years has beeu
analysed. The data are importaunt for a vumber ol reasons.  In some msiances,
ihe abundance of a non-vectorial species of” Anopheles may serve as a rough guide
to the presence of an undetecied vector, judging by the similarttics in Tarval or adult
hubitats and behaviour as exhibited by some species of the sy zemyia group.  Some
species are important vectors in localized regious, while others are vectors through-
out their range of distribution.  In the casc of two species of approximately equal
susceptibility, one exhibiting 2 marked preference for human blood, the other
indifferent as to the source of the meal but occurring in larger numbers than the
former, the latter species may become an  bmportant vector by virtue of sheer
numbers. In other cases, a highiy prevalent, although non-vectorial, species of
Anopheles may serve as an indicator of the waning of residval toxicity of D.DJL
in sprayed structures. In both cases a knowledge of the seasonal prevalence of
the so called “unimportant” anophelines is nceded if one wishes Lo use the collateral
evidence which their presence provides.

Though the anopheline fauna in the area was intensively studied wom other
potnis of view, the following notes on the seasonal prevalence, as displaved during
rwo years' continuous observations, are presented as such knowiedge velating 1o
all mosquitoes is useful, no matter how unimportant some of the species may appear
in he, where human disease is concerned.

AREA OF STUDIES.

The wrcas where these studies were conducted display remarkable varia-
rions 1 raimdall—~and consequently in flora and fauna-—on an upusually sharp
sradient, Mysore State occupics the centre of Somth India. It fes between
117 36’ and 15 2" north latitude and between 74° 36”7 and 78% 367 eust longitude,
v large part of the State cousists of (he southernmost extension of the Deccan
Platcau, an extremely ancient geological formation, 3,000 feet above the sea level,
As one proceeds from west to east, the annual rainfall recorded from the Western
{3hats decreases from 230 inches at the western edge at an averange rate of ten
inches per mile,  Thus a region that is virtually drenched with rain, each monsoon
way be no more than 25 miles away from another region where there is low
rainfatl.

For studying the epidemiology of Malnad malaria in typrcal situations where
wo vesidual spraying programmes were in force, three areas wore selected in the
different rainfall regions, namely, Kadmane, with annual rainfall more than 200
inches ;3 Yestur, with 80 to 100 inches and Bikkodu, with 45 inches annual rainfall.
Fhere Is no irrigation system in any ol the three areas. The arca of high rainfall
-onsists of dense forests, steep rugged valleys and is sparsely populated. Carda-
mom iy the chief crop, tea is grown in some parts, and m the narrow valleys paddy
vy also cultivated.  The intermediate rainfall area comsists of broader and less
vrecipitous valleys, is densely populated, and the cultivation of land is corres-
pondingly more intensive.  Cardamaom, coflee and pepper are the chiel crops and
natdy s cultivated in the broad valleys.  The main source of water is the south-
west monsoon {June-September) afthough the north-cast monsoon {October-
Decembery also provides some,  The low rainfall arca is ahmost a plain country,
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supporting extensive areas of scrub jungle.  This is @ gently rothing area, with a
finy range of hills, Coflee and rice are the miain crops,
ANOPHELINE SURVEYS,

Routne colfecttons of farval and adult anvphelines were carried out from
April 1951 10 March 1953 on a weekly basis in the three study arcas.  For collec-
tion ol adulrs in cach of the varions villages, atlemptls were made to select catching
stations comprising 2 human dwelling, a mixed dwelling® and a cattleshed.

When mixed dwellings were not available in some villages, only human
dwellings and catdesheds were selected for routine visits.  Most dwellings in the
three aveas were thatched, mud-walied structures, with earthen floors.

Daytime colltection of adult mosquitoes were made from the selecied catching
staions with the help of a suction tube, {or thirty minutes, invariably between
oo and 1200 hours.  These were supplemented with night collections once a
week in the three areas from February, 1952, to January, 1053. Window traps
were set up only in the low rainfall arca between July, 1952, and January, 1953.

As regards the site for routine larval collection in the threc areas, particular
fuportance was attached to running water, as the distribation and abundance of
the alleged vector species, A. fluviatilis, was the wain object in view. Tanks,
paddy fields and domestic witer colfections—-in fact all types of water collections
were also examined, so as (o obtain mformation ahout all other anopheline species,
As far as possible, standardized technique and dippers of uniform design were
used, Thirty ninute collections were made at cach selecled site. Though the
larval survey may be comprehensive as regards the different indigenous species,
i may lack something of quantitative character and the precision of the adult
collections,
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#Dwedlings in which peopie and domestie anhmals were sheliered at night ander the same roof, and

e whieh there was free acvess for mosgaitoes 1o migrate from one section to the wiber,
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Paner T {Conted.}

Bikkoni. YESLUKR. Kanmaxe.
Yenr e e R T I T A —
arwch Rainfall | Number - Average Roinlall Numberi Average; Rainlall | Nummber Average

dof ratne rainfsll

month. {(Tnches? inf ratny  rainfall “(Inches) Jof rainy  rainfall {Ineches)
days.  perrainy | days  per rainy’ ©dlavs, per rainy
day i o day day
(Tnches i HInches) . finchos;

Lg52 : :
e R LR | N [ 21

Tanpary ... @ Octt 0 IR CTNE TR {1} 0

Fehruary  f #9033 R BN 1) 0-K5 bl 0-42 L] I H [T
Mareh T L. 1o I T M 1 B U I B S ]
Sl kR 1 ey | -rife i 3 IR MES LI 3 0%
Man I R I ] [TEN LR E 3 R L] LAY S i 05
T ohoaesr 0o (LRI I I T - 3 H-52  4{-53 o b
Fuby N L 043 Mes Lo 100 | b0 C2 I 10 b1
Augan L 3044 2% RN E SN P S [EESr Rt B o4} Moo 204
September ;0 203 - Yoo ey 0 2 ) [EN ) ERE 1 Fl LA
October ... Go4S 15 TR S A 8 78 -ss | 13 1-53
November oy 1l IRT) N T { TR o -1} RTIT (LN 3]
Docember  + 0ot i e a2 ! 020 [T S S AN
953 ; i ;: 5 5
Tanuary. ... (1% T TRY T B T T I 0 R N U (T
Felseiary (-1H) R (TR [ 1R (LRI " 1)
Marelh L Ve [ T | LR 1T - (IO TR I ML T " i T3]

The rainfall data for the period of study s tabulared in Table I, and the
average rainfill for the previous ten years 1s given in Table 11, Temperature and
humidity data for the three study areas are not available, hut metcorological
data obtained from the observatory at Hassan and from laboratory records main-
twined at the Malaria Investigation Centre, Saklaspur (corresponding to the
mlermediate rauniall arca), wre syammarised in Table TIL#*  These may not give
nrecise nformation but they show the general climatic teend,

Tanes FE
Average monthly rainfall o Ve three areas for 10 vears 1941-193).

Meaths. P Bikkodu 2 [neches: Yesha tnebesy, | Kadmane Taches?.
dannary 1 115l - 30 : )
Fetwary e Th4al) [EENT) ) -
“areh ] [TRIEL TR IR

Mprid L TR R 2 [
May L e IR KR 56
T T G-ty LE-t AR08
fuly . R 12 ] L RN . HA RS
Augast . S -fup IR -5 Nl
september : i - by i H H) -0
Octaler e (i~ 30 70
Nevember 200 HERI 1]

ecemlber 11 1My I

® Bugide the three Tables published with this paper, a number of others giving dewails of the
mrsquitoes cplleeted from various types of resting places, at different times of the year, were also sulsnitied
by the mnhops. These have been placed in the Bheary of the Malaria Instituee of India, Delhi, and will
e available oo luan to workers who may wish to consuli them,— Ediror,
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Matearclogival data.
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Fhe data for Hassan are from records maintained af tie Meworolagica) Observatory
e are hased on 43 years’ ubservations, Tl data for Saklaspur are from records maintained
f the Malaria Tnvestigation Ceplre Laboratary ane are based on iwo venrs’ ohservations.

DBSERVATIONS,

Twestty-thres anopheline spectes were eneountered in the three areas during
ihese studies.  Charts 1 1o g depict the prevatence of some of these species.

‘Though the capture of adult mosquitoes from man-made shelters is sharply
lirnited to those species which rest in sach structares, and does not provide any clue
to the real density of the whole anopheline populations, it, ncvertheless, provides
an index of the amplitude of population fluctuations. The expression of the
actual numbers collected as per man-hour figures seems to give a working idea’
of relative abundance, at Jeast for those species that prefer dwellings as diurnal
resting places.

Data on larval populations do not, as a rule, provide veliable indices to
nwnbers of adult nosquitaes prevalent in an area. Sometimes the overall adult
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captares are consistently in excess of the larval collection, while at others chey
may be far helow the latter.

The comparison of adult and lurval densities on a collection-time bagis is
vather difficult.

While the charts referred to above, give mformation as to the distribution
and abundance of the anopheline specics recorded, each species may now be consi-
dered individually.

A. aitkeni—The capture of very few adults of this species in man-made
shelters is in agreement with the remarks of Christophers (1933) that it * is a wild
and shy species not freguenting houses or catlesheds ™.

The bulk of the larvie was collected {rom the area of high rainfall, after the
summer and winter rains.

A. dnsulaflorum.—No adults of this species were collected.

Larvae, although collected in all the three areas, were most abundant in the
high rainfall area and were usuatly taken along the cdges of streams, often not far
from larval habitats of 4. fluwianiis and A. varuna. March, April and May appear
io be the peak months with the maximam in April,

A. annandalei.—Only a single adult specimen was taken in the intermediate
ruinfall area.

A, barbirostris.—This appears to a large extent to be a wild species, not
frequenting man-made shelters during the day. The high larva-adult ratio also
scems to indicate a low rate to daytime resting indoors.  Night and window-trap
collections, which will be referred to later, seem to indicate that it leaves the shelters
soon after feeding.

The adult and larval collections ndicate that the highest seasonal prevalence
iv between September and November.

A, hyrcanus.-~This species is similar to A, barbirostris i its Lurva-adult ratio,
owing to the small numbers collected in dwellings, Adult and larval peaks in
its seasunal prevalence appear to occur in general from September through
December, with their maximum in October-November., Tndoubtedly the great
abundance of this species during these months is mainly due 1o the presence of
exiensive paddy felds.

A. leucosphyrus.-—According to Christophers (1933) this is o wild species found
breeding in deep jungle, and does not vest in man-made sheiters during the day.
Larve were collected in all the three areas, the maximum number taken being in
the high rainfall area. The two adults were collected in the high rainfall area
ar a time {July, Octeber) when the larval figures were also high.

A, tessellatus. —-Christophers {1933) has described this species as more or less
domustic,

Although recorded from all the three areas, it was comparatively more
commen in the low rainfall area than in the other two. The seasonal prevalenc
shows its main peak during the south-west monsoon (July, August), while a secon-
dary peak in November, which may be associated with the north-east monsoon,
The species scems to disappear during the hot months of April and May.

The same pattern prevails in the intermediate rainfall area also.
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ty the high rainfall area, this species is virtually absent during the summer,
there being a peak only in the winter—-December.

The highest prevalence of this species during the rainy scason in the com-
nacatively dry area is apparenily due to the larvee requiring small pools for breeding.
These pools develop and are maintained better during the summer rains in rolling
nlains than in high rainfall areas.

A. aconitus.~—Christophers {1933) has described this species as widespread in
the Oriental Region, and according to Puri (1945} it is ‘ound in @it arcas of
mwderate {o heavy rainfall.

This species was rare in the high rainfall arca, but found in large numbers
in the intermediate and low rainfall arcas.

Both farvae and adults are either absent or are found in very small pumbers
in all the three areas during the hot weather.

A. varuna-—Although larve of this species were collected in lairly large
mumbers in practically all the three areas, very few adults were found.  According
1w Iyengar (1924) this species breeds in stagnant fresh water in ditches during
and soon alter the monsoon. Puri {1945) recorded it as breeding in clear water
pools and in slow-running strcams which may account for the almost complete
absence of larve in the two high rainfall arcas during the monsoon.  In the low
rainfall area, however, they persist throughout the year, the maximum abundance
heing 1 June and July when the monsoon has just commenced and there are
plenly of clear water pools. In the intermediate and high rainfall areas also,
they are found just before the monsoon and after the monsoon during the winter
months,

A, furiatilis.—As this species s the alleged chiel’ malaria vector in Malnad,
its disuribution and abundance received particular atiention.* Analysis of the data
sollected shows that this species displays irregular larva-adult ratios in all the
three areas.

As aduit collections were exclusively made {from dwellings, the real aduh
Jdensities may be considerably greater than those indicated by the data under
review: in this paper. Collectons from out-door resting places were not made
sirnuftaneously but at a later period.

The seasonal prevalance of this species in the area as a whole s in the pre-
monsuon period with the peak in April. The most striking feature of the prevalance
of this species in all its stages, in the high and intermediate rainfall areas is its
virtual disappearance following the onset of the south-west monsoon and its re-
appearance in December.  This phenomenon was alse recorded by Sweer and
Rao {xgy3) at Mudigere,

Tt may be attributed to the fact that, during the monsoon, the habitats of
this <pecies get flushed out.  Where such flooding 15 less extensive, as in the fow
vainfall area, 4. fluviatilis is present, during the monsoon, though in staaller number,

An interesting observation made during these studies was that the bulk of
the colleciions in all the three arcas came from cattlesheds. T

*Details will be shortly published in a separate communication.
TRurther observations on this species will be discussed a$ Jength in another paper.



S. R, Bhobore, N, . Sttaraman and .. Brooke Worth, 37

Ao cndicifacies.~Larve occur usually in slow-moving fresh water and pools
in sandy river beds.  This may explain jis scarcity in the high rainfall area, where
there are less opportunities for the collection of quict shady pools or slow-moving
streams.

Peak periods in the intermediate rainfall area occur from February to May
and from April to July in the fow rainfall arca. The hot weather does not seem
to affect this specics as much as the south-west monsoon when the larval habitats
are possibly flushed out. During the monsoon, adult populations become so
depleted that they are not appreciably built up until carly in the following year.

In none of the three areas can A. culicifacies prevalence be correlated with
paddy cultivation, since the peak levels are attained during the months when
fields are fallow. This phenomenon is possibly due to the fact that no irrigation
system exists in the three areas. In south-east Madras, wherc extensive irrigated
arcas cxist, Russell and Rao {1941) observed a close correlation between the
irrigation scason and abundance of 4. culictfucies.

A. jeyporiensis.—This species was collected in significant numbers in all the
threc areas, though exhibiting @ marked predilection for the high rainfall area,
‘The adult prevalence ratios in the three areas (low, intermediate and high) arc
roughly 1 :5 : 14, but tarval collections do not exhibit such wide disparity, the
approximate ratios being 4'5:1 : 2.

In the low rainfall area there are two peaks of adult abundance. The peak
in February-March is accompanied by a corresponding Jarval peak, while the
other in October is attained after the larval peak in September,

In the intermediate rainfall area larval densities are marked by three peaks,
Januvary, April and September. The peak in April coincides with a penod of
minimum adult population {April-May). The adult peak in October-November
is accompanied by the lowest larval densities and is preceded by a larval peak in
September.

In the high rainfall area, therc are again two peaks of adult abundance ;
the one in February-March is accompanied by a corresponding larval peak but
that in October-November is at a time when the larval population is at its
towest.

The finding of A. jepperiensis var. candidiensis iy the low and high rainfall
arcas is of importance even though only seven specimens were taken. Where
such a variety is out-numbered by the type form, it is possible that it may be a
recessive genetic combination.

A. majidi.~~The adults of this species were very scarce in the catching stations
in all the three areas under study. A single adult was collected in the high
rainfall arca though the larve were collected in all the three arcas during early
part of the year-—January to May, the maximum number of larva were from
the area of high rainfall.

A. subpictus—This *“is a markedly domestic form, breeding especially in the
neighbourhood of habitations and to be caught often in large numbers in occupied
dwellings  (Christophers, 1933). Larva-adult ratios are almost similar in all
the three areas, and the seasonal prevalence is almost uniform. Though it has
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been recorded throughout the year in all the three areas, the dati seent w indicate
that there is a late winter and early spring rise with the peak in February, and
adult population is rather low during the remainder of the year.

The presence of this species during April seems to indicate its ability to
withstand low humidity and high temperatures.

A. pepus.—This specics is similar to A. subpicius in that it is prevalent in all
the three areas under study and displays a wide variety of Jarval habitats.  Unlike
A. subpictus, it appears to be more adapted to withstand higher raintall as shown
by the progressively increasing numbers collected in the intermediate and high
rainfall arcas, In these two areas, the adult prevalence is high during April,
May and June, whereas in the low rainfall area the peak is attained cnly m June.
n the former, there is also a secondary peak in November which is not evident in
the low rainfall areas.

Larva were collected in maximum numbers in the low rainlall arca.

Ao turkbudi.---Only five adults of this species were tuken during the entire
neriod of study and they were confined to the low rainfall area. Since no larva
of this species were encountered, it has to be classified as a rare species.  All the
adults collected were taken at the beginning of the hot weather.

4. jamesi.—This species exhibits a predilection for the low rainfall area
though it is common in all the three areas. Larvie were collected from tanks and
scepage pools with grass growing along the edges. The preponderance of larval
over adult catches suggested that A. jamesi does not utilize dwellings as daytime
shelters to a large extent, This is corroborated by the might and window-trap
collections.

There appear to be two seasonal peaks for larval and aduit populations.
During April-May there is a decline, while during the south-west monsoon there
is an increase in the prevalence of the larvee, although a corresponding rise in adult
nopulation scems to develop only in the low rainfall areas.

October and November are the periods of a second general decline,  The
<casonal prevalence is almost similar in the. three areas.

A. annularis.—This species has been found in all the thrce areas, hut exhibits
1 marked predilection for the low rainfall area. It shows a marked seasonal
prevalence, the peak being in the late winter months,

The peak does not coincide with the period of paddy cultivation in any of
the three areas,

A, pallidus—This species was encountered in great abundace in the Jow
rainfall arca, but was less common in the intermediate area. Its density de-
ereased appreciably in the area of high rainfall. It may be interpreted from this
that this species is adapted to survive hot dry periods with considerable
»ificiency,

Ap extreme disparity between the Tarval and adult collections was at times
noticed in the low rainfall area. During the first five months, and again in
November and December, however, there appears to be a rough correlation be-
tween the two populations. There is a minor peak in the adult population during
the hot weather—April and May-—corresponding to high larval catches. The
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highest seasonal prevalence of adults, however, oveurs during the period after the
sputh-west nionsoon {Scptember to November}.

In the intermediate rainfall area, the densities ol adulis and larve build up
aud then decline from September o January, coincident with the single paddy
crop dependant on the seepage and runoff of the south-west monsocon.

Tn the high rinfall area, the runoft is so rapid that paddy is caltivated during
the mousoon itself, when all mosquito breeding is drastically curtailed due to the
fast currents.

The larva-adult ratios also seem to indicate that the high rainfail area is
leys favourable for adults as there is a progressive invrease in the ratio according
to intensity of ratefall,

A. karwari.—According to Christophers {1943}, this species has been recorded
{rum the castern, southern and Malabar areas of the Indian region, occurring
in houses and cattlesheds and readily {eeding on man. Larvae are tound in
scepage pools and small fresh water springs with marginal vegetation (Puri,
:945).  Such habitats are widely distributed in the three arcas.

i

The fact that both larva and aduits were taken in all the three arcas seems
1o indicate the adaptability of this species to the three types of local climatic
conditions. In alf the three areas, adults appearced in July and August, dwindling
off in September in the intermediate rainfall area, and i October in the low and
high rainfall arcas. Larve, on the other hand, were found right through the year
in the low and high raintall arcas, while In the intermediate arca they were res-
iricted to January and February.

A. maculaius-—~his species has been recorded froma various parts of penin-
sular India, notably in the Nilgiris and many localities along foot of Himalayas
1Christopbers, 1933).  Only five aduits in all were recorded from the three arcas
during the winter months. The species apparently is very rare in the whole arca
under study.

A, philippinensis.—In spite of the fact that farve of this species were lound
in sulliciently large numbers in the low and intermediate rainfall areas, the com-
parative scareity of adults in the caiching station seems to indicate that, often, it
15 not safe to draw conclusions as o the seasonal prevalence, on collection of adults
from such places only. Larve were usually collected in tanks covered with
water-weeds.

The complete abscuce of larvae ol this species from the high rainfall area
ray be possibly due w0 the lack of suitable collections of water for larval habitat.
In the low rainfall area, larvae were collected in too small numbers to draw any
conclusions, although they were taken at the same period as in the intermediate
rainfall area,

A. splendiduy~~Christophers (1933) states that this species is {found in small
numbers in houses and catilesheds and the low numbers collected in the three
areas would seem to confirm this statement. This is also in agrcement with results
of night-time and window-trap collections. The concentration of this species in
the Jow rainfall arca, und particularly during the hot months, secems to indicate
its adaptability for dry conditions,
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NIGHT-TIME HAND AND WINDOW-TRAP? COLLECTIONS.

s a wvart of the programmme in investigating the bionomics of the vector
species, night hand-collections were carried out routinely every week from February,
1952, to fanuary, 1953, in the three arcas from human dwellings and cattlesheds
which had been selected as fixed catching stations for daytime collections.  Collec-
tons were made for thirty minutes at intervals of four hours, commencing at
200 p.m., and terminating at 600 a.m.

Window-traps were set up only in the low rainfall area and were operated
w cattlesheds from July, 1952, to January, 1953.

Night catches duplicate the dayrime adults densities to a remarkable degree
wot only in pattern but also in the absolute numerical sense for many species.
't would appear, therefore, that, as far as these studies were concerned, thedaytime
catch from man-made structures was a satisfactory method for estimating aduit
Jdensities.  The species which exhibited marked deviations from day-time catches,
were . barbirosirts, A. lyreanus, A. jamesi, . splendidus and A. tessellaius.  This can
be attributed to their outdoor resting habits, as commented upon easlier when
describing these species individually.

DISCUSSION,

A discassion of the above data can be prefaced by u significant quotation
from Boyd {1949).  For each species of Anopheles there is {in theory at least)
1 set of general environmental conditions most favourable for devclopment, and
variations from these optimum environmental conditions are reflected in variations
in the population density of the species.  The general environment varies, of course,
from region to region and thus coatrols the distribution of a species in an area
where there are no absolute barriers to dispersal. Within a given region, the
focal distribution of a species Is controlied by reactions to the environmental difler-
ences among the available range of habitats. The general environment varics in
time as well as in space ; and this variation is reftected in the characteristic seasonal
distribution of the different anophelines in a given arca ™.

Adult occurrences in buman dwellings, mixed dwellings and cattlesheds
presuppose that a mosquito has entered on the previous wight fo feed and rest or
has entered at dawn merely to rest.  Negative collections or insignificant numbers
of adults collected within these shelters do not automatically prove that a species
Joes not frequent such shelters or is not commonly present in the focal environ-
ment.  This is especially true for those species where larvae were collected but adults
were not found.

Larva are static and are not likely to shift from one habitat to another unless
mechanically propelled by a flood.  Since the larvae cannot select their habitat,
there must be a close relation between the oviposition behaviour of the adult
stosguito and the physical requirements of the larvae. In the absence of preferred
habitats, however, gravid mosquitoes may oviposit in unusual sitvations.  Thus
the routine dipping for larvie in selecied areas may at times give reliable inlorma-
tion as to species prevalence, but at other times only a confusing or crroneous
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indication.  How trae this s, i borne oo cleardy in the instermediate and high
viinfall arcas where somoe species virtuaily disappear during the southwest mon-
soon and reappear suddenly after the rains.

The scasonal abundance of a species depends 1o a large extent upon the
pesence of preferred habitats. It these are absent cither during the larval or
adult stages, a species cannot become abundant however ﬁu(:urahlc other condi-
nons may be.  Therefore any consideration of cither Eirval or adult habitats
necessitates taking into account the requirements of the spec ics as a whole. In
wany cases the limiting factors of species distribution may apply to the adults,
A diurnal mosquito ill-adapted to low humiditics is bound to be prevalent in areas
of high humidity, and the larval habitats will be conditioned by this factor. In
the foregoing studies, . jeyporiensis may be cited as an example of this type in
the three areas. It is abundant in the high rainfall area and shows a progressive
diminution with decreasing rainfall and consequently humidity. In the reverse
case, a species which is able to survive only in dry bot areas shows poor adaptation
to areas of high raintall and homidity, where the required farval habttats will
be wearce. In these stadies, A, pallidus furnishes an admirable example of such
a4 SpPecies.

Climate exerclses an important influence on the longevity of the mosquitoes
andd this is of great importance from the point of view of malaria epidemiology,
sinee Lthe efficiency of a given specics as a vector would depend on the ability
of individual mosquitoes 1o Tive long enough for the incubation period of the plasmo-
dia to be completed.  Obviewsly a long-fived species would make a better vector
than a short-lived one. But it is almost impossible to disentagle the effect of
tlemperature from that of humidity on mosqaito longevity.  Presumably each such
species has s own optimam temperature and humidity.

While the rainfull gradient may exert an influence on the abundance of
anopheline tarvae or adults, numerous instances can be quoted from the furegoing
data in which there scems to be somne other basis for the abuadance of some species.
There are certain local factors which profoundly influence the incidence of these
species. A high hervacadult ratio may sometimes be an indication of shoricned
adult longevity.  This would he of significance in the casc of subeeptible species
as it may imply that the mesquito, though it took a blood meal, was unable to
survive the extrinsic incubation period of the plasmodia. A Jow larva-adult ratio
would, on the other hand, indicate an enhanced longevity of the mosquitoes, This
would account for a large number of adults being found when a corresponding
fow farval population s met with.

SUMMARY.

1. The anopheline fauna in the Western Hill Fracts ol Mysore State was
surveyed for two years in threc arcas near Saklaspur Town {Hassan District)
selecled on the intensity of rainfull.

2. Standardized methods of population sampling, namely, collection of
v rom breeding places and of imagines from indoor resting  places, were
cmployed.  These were supplemented later by night catches and window-trap
collections.
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3. Pwenty-three anopheline species were recorded from the arcs and their
seasonal prevalence were analysed from variousstandpoints, namely larval prevalence
and hahitats, adult prevalence and diurnal resting habits, larva to aduit ratio
during the different seasons and relation of the species to intensity of rainfall.

ACKNOWLEDGEMENTS.

{statefd thanks are due to the Director of Public Health in Mysore and
ro the authorities of The Rockefeller Foundation for facilities exiended ; and
o Dr. B, Ananthaswamy Rao, who was Superintendent, Bureau of Malariology,
+L the time of these studics, for constant guidance and cncouragement, The
faithful co-uperation of the entomological staff of the Malaria Investigation Centre,
Saklaspur, has rendered it possible to accumulate these data. The co-operation
o the Director, Regional Mateorological Centre, Madras, in providing the mateoro-
logical data is also gratcfully acknowledged.

This paper is published with the permission of the Director of Public Health
e Mysore, Bangalore.

REFERENCES.

Bove, MO F. R . Malarielagy, Vol T, pp. 308-314. W, B. Saondess
Company, Philadelphia and London.
Lnrsrornses, S, R, {1933} ... Founa of British India. Vol IV. Dipiera, Family

culicidae, Tribe Anaphelini. Taylor and Francis
Lo, London.

Pxanaawr, ML OLT 024 v And, J. Med. Res., 12, pp. 2329,

Vo, I. M, {19457 .., .. Nynmoptic tables for the ideniification of the full-grown
latve of the Indian anopheline mosquitors.
Health Bulletin Mo, 145, Manager of
Publications, Delhi.

Russnln, 00 F aml RaMmacdanpes Rao, 1

{39413 ce Jo Mal, Inst, Ind., 4y pp. 20032395,
SwakT, W, (L and Rao, B. A, {1933} <o Ree. Mal. Surg, Ind., 8, pp. 663-674.



Indian Journa! of Malariology, 8, 1, March 1934,

EFFECT OF LIME ON RESIDUAL ACTIVITY OF D.D.T.*
BY .
5. R. BHOMBORE,
N. L. SI'TARAMAN,
AND
K. S, NANJUNDAIAH.
«Malaria Investigation Centre, Saklespur, Mpsore State.)
{March 0. 1954}

INTRODUCTION.

In the cowse of routine application of DDVT as an indoor residual insectiode
in malaria control in an irrigated tract of Mysore State (Channarayapatna area,
Hassan District), it was frequently observed that the villagers were in the habit
of white washing their houses either immediately hefore or after spraying, in
connection  with some religious functions.  Observations made in different
countries on the effectiveness of D.D.T. residual deposits in anopheline control
reveal that far from uniform results are obtained by different workers, Causes
for this lack of uniformity may be due to several factors. The mosquito species
being studied, is undoubtedly an important factor, since species differ markedly
in habits and also in response to minimal exposures to D.DVT,  Another factor of
undonbted importance is the surface on which D.DUIL, is being sprayed. The
influence exerted by various types of surfaces on the duration of the residual
taxicity of D.D.T. has been reported by a number of workers (Clapp ef al., 1947 ;
Sundararaman and Peflly, rg49 ; Powns ef al., 1951} ; but relerences to the effect
of lime as such on the residual activity of D.D.T. are comparatively scanty, Clapp
et al. (1947} showed that adding common salt (NJ.Cl) to the whitewash mixture,
tengthened the duration of action of D.D.T. But Hocking (1947) reported that

#*The studies and olservations upon which this paper is based were conducted by the Bureau of
Malariology, Depariment of Public Health, Government of Mysore, with (be support and under the
auspices of the Division of Modicine and Pablic Healih of The Rockefelior Foundatien.
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fimewash reatradized the residual acton of LDV againse W gembre wod L funestus
in East Africa. Hadaway and Barlow {1947) reported E.lpld foss of f)DT
wxirity when applicd on whitewash in the forin of kerosene solutions and cmulsions,
though water-suspensions gave better results.  The whitewash they used contained
ron oxide {coutent 26 per cent).  Mater of al. (1948) recommended that walls
should be wlhitewashed before being sprayed.

As the duration of the residual effect of DUDVT. s of puramount iinportance
in mnaria control programmme, these studies were undertaken to clucidate whether
iime had any eflect on the residual toxicity of D.D.T,

AREBEA OF sTUDY.

Village Anegola selected for these <tudics dies on the Mysore-Channaraya-
Diiand Road in Kikkeri Hobli, Krishnarajpet Taluk of Mandys District, Mysore
State, Tt is one of the series of imigated villages fed by the North Ramddcvam
Channel of the Hemavathi River. The frrigation season cxtends from June to
anuary ol the subsequent year, the main cultivated crops being paddy and sugar-
cane, The average annual rainfoll for ten years (1941-50), as recorded at the
nearest raingauge station) four miles away, is 28.45 inches.  The inhabitants are
typical agriculturists and their economic condition s poor. The houses are all
mixed dwolhn;.,s with mudwalls iplastered or unplastered), country tile roofs and
are poorly lighted and without any ventilation, except for a central opening in
the inner courtyard. A preliminary malariometric survey revealed that the
vitlage is endemic Jor malana (spleen rate 30°3 per cent,, average endarged spleen
r5). The transmission scason in the entire irrigated tract is from Sf*ptemhvr to
January ax judged from dispensary figures a¢ Channarayapatna,

PLAN OF EXPERIMENT,

The houses i Anegola were grouped mio two divistons ~ A and "G In
“ A7 division, all the houses were spraved on September yg, tys with RD.DVTLF
4t the rate of 200 mg. per square foot and limewashed the following day. The
Hmewash was dpp!lcd by the villagers themselves under the supervision of a Health
fnspector,  In “ € division, the houses received limewash mixed with un athiquot
sortion of !).D.T. to leave a residue of 200 mg. per square foot.  The mixture was
supplied to the houscowners with instructions for the mode ol apphcation and the
work was supervised by a Health Inspector.

For assessing the duration of residual toxicity of ID.IVE. in the different
weds, weekly anopheline  collections, tmfant parasite rates and splecn rates in
~hildren between the ages of two and 12 years, were used. A group of villages
which had been routinely sprayed with 200 mg. of D.ILT. since 1950 and another
group which was left unsprayed, were used as comparison areas,

T LT, wsed was T Pont’s Detane 56 per cont wettable powder and was applicd with Meyear’s
e ed-driven power sprayers,
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ENTOMOLOGICAL QOBSERVATIONS,

Routize weekly collections of anopheline were started in Anegola and the
comparison villages from the third week of July, 1951, six weeks after the commence-
ment of the irrigation season and continued till September, 1g52. These collec-
fions  were made  from sclected catching  stations during 0800 -12700 hours.
sixteen species of anopheline were vecorded, viz., aconitus, anmularis, barbirosiris,
culicifactes, fluviatitis, hyrcanus, jamesi, jeyporiensis, karwari, pallidus, splendidus, subpiclus,
tesselatus, turkhudi, yagus and parung.  Dissections could not be carried out to in-
criminate the vector but from the data collected from other places in the district,
culwifacies and fluviatilis appear 1o be the vector species, the former probably more
smportant than the latter because of its greater abundance. For the purpose of
comparison, the anophelines collected were clawified as culicifacies and fluviatilis
ipresumed vectors) and ether anophelines, and the data coliected from the various
areas has been reduced to per man-howr coliections and presented in the form of
graphs for easy reference (Chart 1.

Observations in the various arcas from July to September, 1951 (the pre-
treatinent period) show that from the third week of July, there was a gradual and
steady nerease in the densities of all anophelines including 1. culicifacies and 4.
Auviatilis 61l the last week of August, alier which there was a decline. The peak
was reached i the third weck of August except in Division ° C’ in which the peak
was recorded tn September. A culicifacies, however, reached 1ts highest density m
September in both the divisions, In the comparison area in which D.D.'T, alone
was applied in September, 1950, density of all anophelines before freatment was
tg'3 per man hour. After spraying, the mosquito density dropped to zero and
remained continuously so for a period of thirty-seven weeks when a second treat-
ment of 200 mg. [LD.T. was given during May, 1951, From then onwards,
collections were negative tll the end of December, 1951, Puring January, 1952,
anophelines reappeared but the density attained was only o'g per man-hour.
in February, it dropped down to zero again and remained at that level till
August when anophelines appeared again. At no stage during the observations,
the mosquito densitics in these villages attained the level found in unsprayed
villages. Infant parasite rates too remained negative throughout in these groups
of villages,

Natural fluctuations in mosquito density observed in the unsprayed villages,
are shown in Chart. I. The density began to decline towards the end of August,
and reached the lowest level during October. Tn Qctober, the marked fall in
the density can be attributed to the high rainfall in the arca, which obviously was
responsible for flushing out the larvic from the breeding places.  From November
snwards till the end of the irrigation season {subsequent January), there was a
steady and gradual incrcase in the density. With the onset of dry season from
February onwards, there was again a steady decline, At the commencement of
the irrigation scason in the middle of June, the density was at its Jowest, the per
man-hour fisures for A. culicifacies, A. fluviatilis and other anophelines being 14,
0'07 and g4 respectively.  With the return of favourable conditions from July
onwards, there was again a sicady increase in the density and the trend was similar
o that observed during the previous year. At the end of Seprember, 1952, when
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one vear's observations were completed, the deosities of L. ewlicifacies, d. fluviatilis
and other anophelines were 15°9, 1°3 and 61 per-man hour, respectively.

In * A’ division of Ancgola Village where all the houses were sprayed with
zou mg. D.DT, followed by limewash the day following, the density dropped to
zero after DD, T.-spraying. No 4. culicifacies or other anophelines were encountered
and except {or a single specimen of A. fluviattlis caught flying in the catching station
i the week following the treatment, the density of all anophelines remained zero
for nine weeks after treatment.  Solitary specimens of A, fuviatitis were collected
during November and December {per man-hour figure was, however, too low for
any serious consideration}, and a single specimen in February. Except for a single
specimen collected during March, five months after treatment, 4. culicifacies was
completely absent for 11 months. A few other anophelines were occasionally
vollected during December to April, after which they too were completely ahsent
ull about the middle of August, 1952,

With regard to < Q7 division where the houses were treated with 200 mg.
DT, mixed with limewash, density showed characreristic drop to zero and
remained so for a period of seven weeks after treatment.  During the tenth, eleventh
and thirteenth week after spraying, other anophelines appeared in small numbers,
the per man-hour figure varying frem 10 to 2'0. During January-July, 195z,
only two A. enlicifacies and seven other anophelines, but no flupiatilts, were collected.
From the last week of July onwards, there was a gradual rise in the number of
masquitoes and at the end of one year’s observations, i.e., the third week of Septem-
ber, the maximum per man-hour figure recorded for ail anophelines was 36°0.
Vthe peak figures were attained in the month of Angust as jn the comparison
unsprayed villages.

INFANT PARASITE RATES.

In the comparison village treated with 200 mg. dosage, the infant parasite
rate was 2606 but dropped to zero two months after D.D.T. treatment, and
remained so throughout the period of observation. In the unsprayed group of
villages, infant parasite ratc was positive from QOctober, 1951, to April, 1952, and
in July, 1952, the highest (8-33) being in October declining to 19 in December
and January and rising to 7.69 in February, 1952, going down to i*g and 2°85
in March and April respectively. It was lowest (1'56) m July, rg52. Analysis
af the monthly infant parasite indices indicates that even in the unsprayed villages,
there was a natural decline, though it was not as marked as in the villages sprayed
with 200 mg. ID.D.T. only,

At Ancgola, no blood smears from infants were taken during the pre-spray
peviod, and all the sniears collected afier spraying, have been continuously negative
for malaria parasites. The number of infants in Anegola is no doubt very smali
bat it is clear that during the period of observation, there was no transmission
going on in the sprayed villages.

SPLEEN RATES.

Splecy rates and average cnlarged spleen studied at different intervals among
the children between two and 12 years of age in the various villages, have been
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tabulated [Table 1), In the groups of comparison villages, the splecn surveyy were
first made in June, 1950 and then in Octoher the same year, after which every six
months tHl April, 1952, In the unsprayed villages, however, the survey corres-
nonding o October, 1950 was not carried out.  In Anegola only two surveys in
October, 1g51, and April, 1952, were carried out.  The two surveys—one in June
and the other in October, 1g50 {only about a fortnight after D.I).T. application),
carried out in the group of villages which were treated with 200 mg. D.D.T. per
<. ft. of wall surface, show a decline duc to some natural causes. This patural
bur gradual decline is also revealed by the spleen rates taken in the group of un-
spraved village. This decline, however, is in contrast to the abrupe fall abserved
in the spleen rates recorded in all the treated villages—comparison groups as well
43 at Anegola.

YaprLe 1,

Spleen survey findings ai Anegola und comparison villages

ANEGOLA, ] COMPARISON VillAGEs.
.

200 mg. N.ID.'T. with |; 200 mg. D.D.T. only. ! Unsprayed. villages.
lime. : t

Slomriie od strvey, RSP S e e

Spleen rate! Average 'Spleen rate:: Average iﬁpldm ralcg Average
{per cent.) | enfarged |(per cent.)  enlarged l{p:r cent.} ! enlarged
L' spleen f spleen ; ' spleen
I U, i | i s = e e

Tune, HH58 O T R YOI B OP [ ET AL 247
October, 1950 . i a1 ! -7 ’ !
P ! —_ e i *. - J— ..'l
April, 1951 R 494 27 ! 16 2
October, 1951 . 308§ 1e5 T T AR
April, 52 2 T w2 | 1es boses |

Date of spray at Anegola=S8cptember 14, 1951,
Date of spray in 208 mg. D.DLT. area=September 1], 1530 : May 3, 1A

DISCUSSION.

Phe object of this experiment was to study the comparative effect of lime
on the residnal toxicity of D.D.T. when the two are applied mixed with cach other,
a3 against the former being applied soon after the walls have been treated with
DT, A reference to the graphs (Chart [) shows that during September, 1951,
v Septeinber, 1952, the prevalence of the vector species as well as of the other
anophelines has been so low and variable in both the divisions of Anegola that
iy definite conclusion can be drawn as to the relative merits of the twa modes of
treatment,

A study of the post-treatment entomological data from Anegola as well as
trom the comparison villages indicates that the residual toxicity of DT, sprayed
cither mized with lime or lime washed after spraying, was eficctive for a period of
icn to 11 months, the densities being only slightly higher in houses treated with
1.D.T. and lime than in those in which only D,D.T. was applied. These observa-
dons are quite contrary to those of Hocking (7947) who reporied that Hinewash
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neutralized the residual action of DDV, against L. gendte and A, funestus in East
Africa.  That the insecticide was pessistantin itg action for a long period, is borne
out by the fact that the day-time collections exhibited oscillations, with the crest
of the waves too low to be considered serious.  But at the end of these periods,
when there was waning of the insecticidal action, succeeding waves increased in
their amplitude and a sufficiently high density was socn reached.

SUMMARY.

(1) Field wrials to determine the effect of ime oo residual activity of D.DUT.
were undertaken at Anegola Village where the level of anophelism was high.

{2} In villages wherc 200 mg. D.DVT. persq. ft. was sprayed, repeated by
another treatment of 200 mg. seven months later where no lime wash was done in
any form, the level of anophelism was low or negligible for a period of nearly
fifteen months,

(3} At Ancgola where 200 mg. TLIVLT. was spraved cither mixed with lime
or the tatter subsequently applicd, a low mosquito den-ity was maintained for a
period of nearly ten months.

{4} In the untreated comparison area, both during the pre and post-spraying
neriods, the level of anophelism was high.

{3) From the infant parasite rates, there i evidence that transmission of
malaria was going on in the unsprayed area during the months of October,
November, December and January, whercas in the spraved area there were no
positive infant blood smears.
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TREATMENT OF MALARIA WITH A SINGLE DOSE OF
AMODIAQUIN (CAMOQUIN).

BY
L G PATEL
AND
S. DL DALAL.
{ King Fdward Memorial Hospital, Bombay-: 2.
{ March 19, 1954, |

AMODIAQUIN {camoquin}—a new 4-aminoquinoline compound—has lately
created considerable interest in the treatment of malarta. A number of authors
{Halawant ¢f al., 1947 ; Simeons and Chatire, 1947 ; Chaudhuri and Chakravarty,
1948 ; Chaudhuri et al., 1950 ;: Ejercito and Duque, 1048 ; Patel and Mehta,
1948 ; De Lucenc, 1950 ; Hamilton, 1950 ; Hockenga, 1951 ; Mien and Rosado,
19571 ; Villarejos, 1951 and Ansari, 1952) have found it useful and a safe addition
to the antimalarial drugs. Most of the above-cited authors have used it in
intermittent therapy and some have reported results with a single large dose in
the treatment of clinical attacks of malaria.

METHOD.

Since the swthors’ last publicatdon (Patel and Mchea, 1948), they have
carried out further clinical trials with a larger single dose on patients admitted
in the wards of the King Edward VII Memorial Hespital, Bombay. The drug
was administered to those patients who had a typical clinical picture of malaria
and whose blood showed malarial parasites. The thick drop of blood, using
Field’s method of staining, was examined for the detection of parasites four times
a day, beginning twenty-four hours after the administration of the drug, until
they were found to be negative for asexual parasites on two consecutive occasions.
Records of temperature and of the occurrence of paroxysms were also kept in every
case, Thirty-three cases were treated with the drug : seven showed P. faleiparum,
20 P. pivax, and six mixed infections. The distribution of patients according to sex
and age is given in Table I.

(70
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Taser L

Distribution of malaria patients according to sex and age.

SEX. AGE IN VEARS.
Tabeciion. et e i e A M
Males, | Females, -9 P19 20-28 ¢ 30 and over
i N | -
P falciparum e t ; 3 : 4] ! 1) 5 2
P.oax 13 ! i} ] ) 14 §
Mined . 5 t . ] ! 0 1! 2
IMOSAGE.

I'he drug was administered by mouth in tablet form and without anvy special
vime relationship to the malaria cycle. Each tablet of amodiaquin contained
05 gm. of the base in the form of the hydrochloride. On diagnosis, ten tablets
.05 gm.) were given orally in a single dose, usually in the forenoon under personal
supervision,  This dose is about 10 mg. or more per kg. body weight for an average
Indian.

RESULTS OF TREATMENT.

Ajl the 33 paticuts were treated in accordance with the above schedule,
{hore was one case which differed from the rest which has been described below
m detail.  The other 32 cases quickly became free from fever, and asexual para-
sites disappeared promptly. The immediate effect on temperature and parasites
1s shown in Table EL. The average duration of temperature in P, zzvax infection was
80 hours and P. falciparum infection 14 hours after the administration of the drug.
'n P, vivax infection, the average time required for clearance of the peripheral
blood of asexual parasites was 42°2 hours and P. falciparum nfection 48 hours.
Fever subsided {from 12 hours to 36 hours after the administration of the drug.
Parasites disappeared at the earliest in 30 hours and the maximum time required
was 54 hours,

Effect on gametogytes.—Gametocytes were present in the blood of three patients
belore nsttution of the treatment.  Amodiaguin had no cifect on them. QOther
workers also did not report any effect on the gametocyies. As the period of
observation in these cases was very short, the authors cannot opine on the
prevention of the development of gametocytes in the peripheral blood as observed
7y Simeon and Chattee (1947).

Average time of disappearance of fever has varled with ditferent series
:Halawani et al., 1947 ; Simeons and Ghattre, 1947 ; Chaudhuri and Chakravarty,
1943 ; Ejercito and Duque, 1948 ; Patel and Mehta, 1948 and Ansari, 19352}
and in the majority of them it 3s less than 24 hours with a single dose. There
has been no appreciable difference between the dosage of o5 gm. to /0 gm. of
the drug and with the type of plasmodia.
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TaBLe 1L

Duration of fever and asexual parasites.

Duration of fever in hours. Duration of asexual parasites in blood in hours.

MY BT. | M.T. B.T.

14 18-0 48 42-2

RELAPSES.

The study of relapses was handicapped because of shortage of beds which
prevented the keeping of the patients in the hospital for as long as required for this
purpose. Most of the patients were discharged two days after clearance of fever
and the asexual parasites from the peripheral blood. It is known that relapses
do accur in P. vizay infection when treated with amodiaquin (Halawani et al,
r947 ; Chaudhuri and Chakravarty, 1948 ; Ejercito and Dugue, 1948 ; Chaudhuri
ot al,, 1950 ; De Lucene, tg50; Hockenga, 1951 ; Mien and Rosado, 1951 ;
Villarejos, 1951 and Ansari, 1g52). Three patients were chscrved in the present
series who had relapses with parasiternia and fever, They again responded to
amodiaquin.  One such patient was admitted to the hospital for at least three
relapses, which each time responded to amodiaquin. Later, he was given pro-
guanil 01 gm. once a week, and he has not reported since. Hockenga (s951) has
ohserved two such cases. Ansari (1952) finds relapses are frequent with a dosage
tower than ro mg./ke.

TOXIC ACTION,

No untoward effects were observed. De Lucene {1950! has pnoticed mild
gustrointesunal disorders.

AN UNUSUAL CASE OF MALARIA RESISTANT TO AMODIAQUIN,

N K., male, aged go, was adiitted on November 2, 1948, with a history of
fever with rigors on alternate days which subsided after four hours with sweating.
The patient also complained of severe hcadache. A history of sinilar attacks
areviously was not available. On examination, the patient was found to be fairly
well-built and nourished. Tempcrature 102° F., pulse 7100/min., respiration
26/min., tongue—moist and not coated. The respiratory, cardiovascular and
nervous systems were normal. The liver was not enlarged and the spleen not
palpable. Blood examination showed R.B.C. 41 million/c.ram., Hb 3o per cent,
W.B.C. 8200fc.mm. with a differential leucocytic count of polymorphenuclear
50 per cent, lymphocytes 3o per cent and monocytes 10 per cent. A thick blood
film stained by Field’s method showed heavy infection with the ring forms of
P, falciparum. Amodiaquin (0’5 gm.) ten tablets were given on November 4,
1948. The temperature came down to normal after 56 hours but the parasites
persisted for g2 hours after which the patient went away.
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The patient was readmitied on November 18, 1948, with @ history of fever
with vigors for two days.  Ring forms ol . fideiparum were found in the peripheral
biood smear ; {cn tablets (o5 gm.) of amodiaquin were given on November 20,
1048. The temperature, however, continued as before and the parasites persisted
in the peripheral blood for g6 hours. A further ten tablets {05 gm.) of amodiaquin
were given on November 25, 1948, The temperature scemed to be scttling down,
hut on November 28, the panent had another bout of lever  with  persistent
parasitemia, leading to the administration of guinine 5 grs. t.d.s. on December 4,
1948. The next day, the patient became drowsy with higher temsperature and
was given injectible quinine hydrochloride 10 grs, intramuscularly and proguanil
tablets {01 gm. t.ds).  The temperature subsided and the patient was dis-
vharged on December 6, 1948. The temperature is shown in chart 1, The
natient had no symptoms of gastrointestinal irvitation.

DISCUSSION,

1 iy olnvious that the resulls cwe better than those obrained by Patel and
Melita {1948) with a single dose of five tablets (025 gm.).  The average duration
ol temperature for P, sivax infection, in that serics, was 2675 hours and the average
time required for the clearance of the peripheral blood of asexnal parasites was 6o
herurs.

¥ is evident from the present series and  from afl the repores published,
invluding that of Patel and Mehta (1948}, that amodiaquin has negligible or no
toxie eflects when given in one single dose of o5 gin. {about 1o mg. per kg. body
weight). 1t has a powerful action on the parasites and a more powerful action
in hringing the temperature down to normal than most other antimalarial drugs
administered orally.  All workers ageee that the parasiternia persists fonger than
the fever and no diflference of action has Deen noted on the three different types of
parasites. It does not prevent rclapses and some cuses have been reported that
are resistant to its action,  In the present serics, only one case was observed where
the parasites persisted in the peripheral hlood in the same numbers, although
amodizquin was used in a dosage of 0’5 gm. "Phe drug was personally administered
15 the patient and was repeated foure duys later,  'The patient did not have pausea,
vomiting or diarchoea, so it may be preswmed that i was absorbed from the gastro-
iestinal tract.  In spite of repeated large doses, the pavient had both fever and
parasitemia.  In the first attack the fover had responded to amodiaquin, but the
parasites persisted.  Hence, #t may be considered that the parasites had actually
acquired a resistance to amndiagquin, This paGent subsequently responded to
quinine,  Micu and Rosado (1951) found that five per cent-of the cases were resis-
tant to the drug.  Ansari (1gs2) alse suggests that it is inetfective in certain cases.
‘Thompson {1948) did not observe any signs of acquired resistance to camoquin
and chlorogquine in the thirce strains of Plasmodinn lophura 1 chicks, but he did
notice it in the casc of chloroguanide [proguanit).

SUMMARY,

1. The results of clinical triads of 32 cases of malaria with a single dosage
of 05 g, of camoquin vrally administered, are presented.
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2. T'here were no toxic effects and the drug showed no action on gametocytes,

3. Four cascs of relapse were observed and one of them (P, felciparum)
developed resistance to even ‘o gm. of the drug, showing that malarial parasites
may develop resistance fo camoquin.

4. Tt is suggested that a single large dose of amodiaguin 5 an effective,
sale and quick remedy for malaria in practice.
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PROBLEMS IN TROPICAL PUBLIC HEALTH AMONG
WORKERS AT A JUTE MILL NEAR CALCUTTA.

VI, The prevalence of filariasis in the labour force with
a note on its transmission.

BY
EL! CHERNIN.

tDepartmient ol Tropical Public Health, Harvard School of Public Health,
Boston.)

ih{ar()h 1, lf’fﬁ.]

Tue il compound of the Ludlow Jute Company, Chengail, Howrah
District, West Bengal, is 17 miles south of Calcutta on the hanks of the Hooghly
River in an environment which is essentially rural in nature. However, the
compound proper is urban in character because of the large number of mill workers
and their dependants that arc housed within it. Since it is generally accepted
that bancrofitan filariasis in India occurs predominantly in urban rather than
rural areas (Ivengar, 193g), an investigation of the prevalence of filariasis in the
compound-resident labour force was undertaken during the penod April-June,
1g52. This investigation alse served as a corollary of studics then in progress on
malaria and intestinal parasitic infections among these workers and their
supervisory personnel (Chernin, 19544 @ 19540 @ 1954¢ @ 19544 : 1954¢),

Refercnce may be made to the earlier papers in this series for a description
ot the compound and the surrounding area as well as for details of entomological
studies that formed a portion of the malaria project.

MATERIALS AND METHODS.

Some 6,000 10 7,000 workers are regularly employed in the Ludlow Mill
at Ghengail.  Approximately one-half of this force s composed of people indi-
genous to the vicinity of the mill and who mostly reside in the nearby villages.
The rest of the workers come from provinces other than West Bengal and, with
rare exception, live in rented company-owned cquarters within the compound.
‘These ““ labour lines ”” cover an arca 350 yards long and 125 yards wide in which
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reside an estimated 4,500 persons, some 1,500 of whom are dependents. Within
the lines there are but few Bengalis, so that Oriyas and Madrassis are the largest
groups represented. The guarters in the labour lines have been sprayed with
D.D.T. three times yearly since 1948 and community sanitation is of a much higher
order in the lines than in the surrounding villages.

Thick blood smears {an estimated 12-15 cm, blood per slide}) were prepared
between §'30 and 11°30 p.m. during the course of 12 night-time visits to the
fabour lines. Workers submitted to the preparation of blood smears on a purely
voluntary basis, but circumstances precluded on-the-spot physical examination
of these persons. However, details of age, sex, province of origin, length of employ-
ment at Ludlow, and number of yearly visits home were recorded {or each person.
All blood films were air-dried, stained with Giemsa’s, and examined microscopicalty
under low magnification for the detection of infections and under oil immersion
tor specific identification of microfilariz,

BLOOD SMEAR EXAMINATIONS.

‘The results of the 658 thick-smear examinations are shown by sex and by
province of origin in Table I Forty-four of 571 males were microfilaria~positive
:7'7 per cent), while only one positive was found among the 87 females examined
{11 per cent), Although the highest proportion of microfilaria positives eccurred
among workers from Uttar Pradesh, this provincial group was one of the smallest
in the line population and is therefore of minor consequence, Attention is thus
focussed on the workers from Orissa since this was the largest provincial group
in the compound population and since ro'4 per cent of this segment had detectable
micrefilaremia.

TasrLe I,

Distribution by sex and by provincial groups of microfilaria-positives among
compound-resident workers at the Ludlow Mill, Chengail,

t

Males Feavales . Totals
Provincial e e 4 ek e i e+ e e e s <
TIPS Number :Number | Number Number | Number Number Per cent
examined: positive iexamined? positive ‘cxamined postive  pogitive
Opisasn - e T 2 1) i 4 i W3
ALEIE
Aadras ... I B st 1 164 3 | 52
I
Hifiar e HE 3 1 HE3 i BB
Lol . i . :
West Bengad o 4 t " M 3 b G
{800} '
tinar Pradesh el 3 u“ 0 M 3 the
1250} : .
Madhya Pradesh - i G 4 th A i e
125 N S - I S —
FPoraLs: ... arl o 44 % 1 kU B 6-RY
(387H}* f

*Phug other groupe to an cstinawed wotal of 4,500 ons in the lines,
1+ The adjusted vate for the entire compound population is 3-5 per cent,
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Table 1} presents, in summary form, the age distribution of all the micro-
filaria-positive cases. Infections were rare or absent in the age groups under 20
or over 50 ; g5 per cent of all the microfilaria-positives occurred between these
gxtremes w:th the highest rate of infection in the age group 40-49. The intensity
of microfilaremia was estimated by counting all embryos in each thick film. A
summary of these findings is presented in Table I11, and indicates that the

Tanur I1.

Distributin by age of microfilaria-positives among compound-resident workers
at the Ludlore Mill, Chengail.

: '\’umsem.
Age grOUpPSs. e e e Pr cent
- Examined. o Positvr, pmmu'
P el
1--1 82 1 148
2429 : LEL ] T4
RO 186 i 88
b8 . 199 : i3 - I3RS
30-39 a3 ' ! 19
BYY : A : ) 00
Torais ;5; , :’; Ti;i
Tasre I1I.

Distribution of microfilaria-positives by intensity of microfilaremia. ~All micro-
filarie were counted in an estimated 12 to ¥5 em. of blood in thick film.

T

MiCROFILAREMIA POSITIVES.

Conmt v o omy.  Number. | Per comt
1-9 T [T
1049 : I 245
A0-99 j 5 ‘ 5+9
T 140 i 2.2
150-199 : o i .
300-249 5 1 f- 2-2
Toraws 15 1000

*One person wlth W nmiava Al others in tabulation ave B bamergf.
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fargest proportion of workers had very light filaremia : thus, 62°2 per cent ol the
positive thick films contained nine or less microfilariz while only 44 per cent
had counts of 100 or more microfilariz. All of the microfilarie were identified
as those of Wiuchereria bancrofti with the exception of specimens on a single slide
which proved to be those of W. malayi. This infection occurred in a 28 year old
male Oriya who,upon careful questioning, insisted he had never been out of India
nor had he been in any other areas of India apart from his native province and
West Hengal. Assuming this information to be correct, this isolated case is of
interest since the geographical distribution of W, malayi infection in India is still
not well defined (Iyengar, 1937).

WORKERS WITH MICROFILAREMIA.

OF the 45 workers who were microfifaria-positive, 37 were avaitable for further
questioning and examination aiter the conclusion of the sarvey.  The mean number
of years of employment at Ludlow for this group was 10°g ; nearly 45 per cent
had worked at Ludlow for one to five years, 27 per cent for 6 to 15 years, and
the balance for periods of up to 30 years.  Almost 50 per cent of the group visited
their native province at least once cach year, a further 25 per cent made these
visils once in two to threc vears, while the remainder rarely or never went home,
Physical examinations of these 47 workers were conducted by the medicul stafl and
revealed hydroceles in five, epididymitis in six, and chyluria in one. Enlarged
inguinal glands were found in nearly half of the 37 workers ; however, this condi-
tion is so common in the labour population that it is of questionable significance
m connection with filariasts.

NATURAL INFECTIONS WITH CULEX FATIGANS.

While no intensive attempl was made o collect large numbers of mosquitoes
@ a scarch for {ilaria-infected specimens,some specimensof C. fatigans were taken
in the Ludiow Jabour lines and in the lines of the adjacent Gagalbhai Mill during
the course of routine catches directed at anophelines {Chernin, 19544}, A tofal
wf g7 (. fatigans, 70 from Ludlow and 27 from Gagalbhai, were dissceted during
the period April to July, 1952, of which two proved to be infecied (Table TV }.
One specimen taken from Gagalbhat contained a single sausage-stage Jarva dis-
sected from the thoracic muscles, while three mature larva were Jound in the
proboscis of the second infected specitnen which had been taken in the Ludlow lines.
These specimens all corresponded morphologically to the descriptions of the
nsquito stages of W, bancrofti.

Mention may also be made of the Tact that Mansenioides uniformis and M.
annulifera are both present in the avea surrounding Ludlow, although only in very
small number (Chernin, 19544). That these species are only infrequently encoun-
tered is probably due to the [lact that relatively few ponds and tanks in the
nearby area contained Pistia and that these waters tended to dry out during the
ritnless. periods of the year. ’
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TasLe IV,

The results of disssctions of Culex fadigans taken  from the workers’ quarlers at
Tudlow and at an adjacent mill during April 1o Fuly, 1952.

!

Months 031 -« -— Per cont

Dissecied. posivve,
;\'l”,-l.i s P __l_?; | 1.} R _'_l__._.‘..;.___---,_-
May e i . 1¥ 4K
June 15 ) th ; 35
July L it . 11 e
Porars i eT o 2 T

*Oine sausage-siage Tuvva i thoraehe muscles,
+Three mature larve in proboscis,

COMMUEN'L.

According o dispensusy statistics, oveet clephantiasis of the extremities is
excecdingly rare among the Ludlow workers. However, other manifestations of
filarial infection, particularly lymphangits and genital involvements, are more.
{requently seen, and these are morc commonly among workers from Orissa than
among those from any other provincial group. Tt is significant in this connection
that every Oriya who was found to be microfilaria-positive during the present
survey, came from the heavily endemic districts of Purt or Guttack. The Oriyas
constitute the largest single goup amoug the compound residents and one can
estimate on the basis of the data in Table 1 that some 135 are probably infected in
all.  The other provincial groups together might be expected to contribute an
additional 125 cases, bringing the totl expected number of filaria-infected persons
in the labour lines to 260, or abont 55 per cent of the total population.  This
prevalence of microfilaria-positives among compound-resident workers at Ludlow
is almost half the ¢'5 per cent microfilaria rate reported for the general population
of Calcutta {Knowies and Basu, 1934}, and both figures fali below the 1o per cent
tevel which these authors define as the upper lmit for areas of ““ slight ” filarial
endemicity,

These comparative Agures are of interest because a1 somewhat higher rate of
infection might have been antiripated amony the line-resident workers in view of
the crowded living conditions that were complicated further by the presence of
farge numbers of workers from areas of greater endemicity.  The rate of filarial
infection in the workces compates cven more {avourably with the data reported by
Ivengar {1g47) for two rural villages in Birbhum District northwest of Calcutta.
Microfilarke of 1¥. bancrofti were found in 17 per cent of the villagers examined
there and frank cases of elephantiasis were in cvidence.  Anopheles philippinensts
was incriminated as the vector in this rural area in the absence of C. fatigans, the
occurrence of which had until then heen thought 1o he the factor that strictly
limited W. bancrofli infections to the wrban arcas of India. However, Anopheles
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philippinensis is a very rare species in the Ludlow area (Chernin, 1954¢; and there-
fore cannot be of any significance in filarial transmission there, Furthermore,
the finding of naturally infected C. faligans is cvidence that transmission of the
infection can be effected in the lines, despite the community sanitary measures
and the possible militating effects of the D.IDVT, spray.

Considering all of the data presented, it is plain that the problemn of filariasis
among the Ludlow workers is not nearly of the same proportions it assumes in
more heavily endemic regions nor is it nearly as significant to the local diseasc
complex as is malaria. However, it can be assumed that even a five per cent
prevalence of filarial infection among the workers results in some mental distress
and illness and that these are in turn reflected in time Jost from work, in rosts of
medical and surgical freanment, amd in hampered efficiency.

SUMMARY.

A survey of the prevalence of filariasis was conducted among compound-
resident workers at the Ludlow Jute Company’s mill at Chengail, Howrah
District, West Bengal, from April through June, 1952, OF 658 thick blood smears
raken at night, 45 (6'8 per cent} were postive for microfilariae, 44 with Wuchereria
bancrofti and one with ', malavi. Workers from Orissa constituted the largest
single provincial group in the population and of these 10°4 per cent had detectable
parasitemia.  Details of the age distribution and the infensitv of filaremia are
presented together with the vesults of physical examinations of positive cases. A
total of g7 Culex fatigans taken from workers® quarters were dissected and two
contained larval stages corresponding to those of W, banerofti,  The prevalence
of filariasis in the worker population is compared with data from other sources
and the significance of the infection at Ludlow is discussed.
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STUDIES ON PLASMODIUM BERGHEI VINCKE
AND LIPS, 1948.

*XVL Effect of ketogenic diet on the course of blood-induced
infection in rats.

BY
N Po RAMAKRISHNAN.
Malaria Invitute of India, Delhi
Mas 18, b

Trrk cilecis of starvation «m the course of infection in raty were described
by the author {Ramakrishnan, tg33). It was cousidered that inhospitable
vonditions for parasite multiplication i siarved hosts were possibly due to two ol
several factors, namely, that in host starvation some essential putrient(s) required
by the parasite was absent or that ketonamia or ketosis and allied phenomena in
the starved host were inimical to parasite multiplication. The former possibility
was experimentally tested by the anthor and colleagues {Ramakrishnan ¢ al.,
1953) and it was found thar parasitemia was considerably higher in starved
ammals to which methionine was administered. In this paper, the results of
experimental verification of the second possibility, are recorded.

METHOLDS,

Ten raws, cach eight weeks old, were used in the experiment,  Five of them
were on a ketogenic diet, and the rest on standard diet, served as controls.  Both
groups were preconditioned on respective diets for one week prior to inoculation.
The animals were separately housed in special cages where they had nn access to
their excreta.

The composition of experimental aad standard diets & given in Table 1,
‘The proportions of proximate principles and ealorific values of the experimental
diet are given in Table 11, Diet was given o each animal once a day on an ad
feh. basis.

*T'he invesligation was financed from a grant by the Fadian Council of Mrdical Research. This paper
lyrus part of & thesis submitted for Doctorate degree in Public Health.

{45
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Fhe actuad teod consumed b\, rafs on the two kinds of diet, was determined
by weighing every day, the guantity of food left over in the cages. The results
are given in Table 1. Amwmal were weighed twice weckly and their weight
progress Is summarized in Table IV, The different indices of the course of }nfC(‘-
rion in the cxperimental and control animals are shown in Table V. The average
calarged spleen volume was deiermined by the water displacerment method
described by the author {Ramakrishnan, 1952).

Tapre [I1.
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Tasre [V,

IWeight progress of animals on the twae diets.
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RESULTS AND DISCUSSTON.

1t was apparent thae the food consumption of rats on the ketogenic diet
was lower than that of contruls {Table FI). This was perbaps due to the food
heing less palatable than the standard diet. The difference in food consumption
was reflected in the weight of the animals during the period of observation
“Table 1V). While the animals on standard diet progressively increased 1n weight,
the cxperimental animals lost weight. To that exteat, the animals were not of
the same nutritional status at the time of inoculation.

The course of parasitemia in the experimental animals was considerably
wilder than in controls {Table V), The average daily parasitemia was 139 as
against 784 in the control group. The peak density was 666 as against 2,090,
These differences are statistically significant.

The development of ketosis during complete absence of food, even for as
shurt a period as two or three days in man, has been recognized for a long time
‘Keys ¢ al., 1950). Although none of the animals on ketogenic diet died during
the 16 days of patent parasiteiia, cvery one of them died within 20 days of com-
mencement of latency. As uninfected controls were not muaintained, it is not
possible to definitely ascribe the cause of death to infection.
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The average enlarged spleen volume of the experimental animals  was
ssnaller than that of the controls (Table V). One possible reason for this may
have been duc to the fact that the parasiemia in the experimental animals was
low and consequently the antigenic stimulus was also low. A second reason was
also possible, namely, the experimental diet due to ity deficiency in protein and
curbo-hydrate, impaired the defensive mechanism of the host,

SUMMARY.

A ketogenic diet of a high Jar content fed to infected rats, does not favour
oarasitic growth to the same extent as in controls fed on a balanced diet.

Ketosis of starvation in addition to lack of essential nutrilites Jike methionine
and probably PABA, appears to be responsthle for poor parasitic growth in starved
(15
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*X VI, Effect of different quantities of the same diet on the
course of blood-induced infection in rats.

BY
S, P. RAMAKRISHNAN.
{Malaria Institute of India, Delpn.
May F2, T4

THE expertinemial study previously reported by the author {Rumakrishnan,
1953, dealt with extreine conditions of starvation and their effect on the course of
infection. Further experiments were undertaken to  determine the course of
infection in partially starved subjects {rats) as such extreme conditions of starvation
are rare with particular reference to man.

METHODS.

Six replicate experiments were carried out wsing a twial of g2 rats.  1n each
experhinent, 4 to 12 vats were fed on hall diet, and three to six others were fed
on a standardt fulf diet. Both the experimental and the control animals were then
inoculated with u million parasites each. Data were recorded separately regarding
the percentage of animals which died of acate infection, the average daily
parasitemia per 10,000 erythrocyfes, and the peak parasitemia reached in each
amimal. Thus, in all 41 animals were fed on half and 27 animals on full diet
and infected. As a further control, 24 ralsy were maintained on hall diet but
without any experimental infection.

*The investigation was financed by the Indian Councit of Medical Research, 'I'his paper forms part

o a thesis submitted for Doctorate degree in Public Health.

+The standard dict contained the following praportions & -
Pea~nuts . A oparts
Whole wheat flour.., U1
Skimmed milk poweder
Dry brewers” yeast
Table salt

Clalcium carbonate
Shark bHver ail
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Py adddivisns to aheeve, cach vad veecived L, germonawed Bengal i oo day,
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Kach animal had been pre-conditioned on diet intended for it Tor a period
o two weeks prior to experimental inocufation except in the case of the first two
experiments in which this pre-conditioning was prolonged {29 days).

All animals were weighed twice a week regularly.  In the first experiment,
the amount of food was arbitrarily fixed to be equal in weight to ten and Rve per
cent of the weight of each animal in the control and experimental groups, res-
veclively.  The rationing was seen o be inadequate for growth of the young
animals.  The control animals were consuming all the food offered to them and
were recording poor growth, indicating that they themselves were in a state of
under autrition.  And the experimental animals were in a much worse state and
six out of sixteen died within a weck of commencement cf conditioning. The
scale of rationing was changed to 15 and 7°5 per cent.  For sometime, this seemed
16 be adequate, but a few weeks later, with the onset of summer, the food require-
nents of the control group were found 10 be less. A change was made again in
the rationing which was reduced to 12 and 6 per cent. At this stage, it was noticed
that anmimals of experimental group were increasing in weight instead of Josing it.
Arbitrary rationing proved erroneous for the purposes of investigation, but it was
continued up to the termination of this experiment.

From the second experiment onwards, a new procedure for feeding was
adopted.  Control animals were given fond of known weight in excess of their daily
consumption.  The quantity of food left over every morning in eack individual
cuge was weighed and the actual daily consumption per 100 gm. body weight
f each control animal was determined, Each experimentzl animal was provided
with 50 per cent of this amount of food by weight per 100 gm. body weight.  The
change in rationing was made twice a2 week as hefore.  This method appeared to
be rational and ensured that control animals were well and tully nourished while
e experimental animals were hall’ nourished or under-nourished.

The average spleen volume ol the animals were determined by the witer
tisplacement method described by the author (Ramakrishaan, 1g52).

RESULTS,

In cach experiment, the animals were of the same age group, and all condi-
rwns hke care, exercise and composition of food, were identical. The only variable
was the quantity of foed.  But the increase or decrease in weight was not consistent
with the guantity of food censumed as scen in Table §. It appeared that the
;juantity of the diet consumed was not the only factor in increasing or reducing
the weight of an animal,  This emphasized individual variations in the response
of animals to any particular diet,

Table IT shows that, excluding the three animals in the frst experiment
which Hved longer presumably on account of factors of under-nourishment not
heing precisely secured, the remaining 21 animals lived for a varving period of time
ranging from five to 46 days with an average longevity ol 1g'4 days.  The 41
infected animals, fed on half diet, had a longevity varying from five to 25 days.
As the variation in Jongevity of the half-fed rats even in the absence of experimental
infection is pretty wide, no statistical evidence for the differences being significant,
could be furnished. '
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Fable 11 shows that, out of 41 experimentally fected hall-starved animals,

30 732 per cent) died during the stage of acute parasitemia.

In 27 control

infected animals Fed on standard dict, 16 {59°3 per cent) died of acute mfection.
This difference, however, is not statistically significant.
average daily parasitemia per 10,000 erythrocytes in the experimental and control

animals in each cxperiment as well as the peak parasite densities reached.

Table [T also shows the

These

two indices are generally much lower in the under-nourished animals than in the
control animals on full diet.  In the sixth experiment, however, the peak parasitae-
mia in the experimental animals was slighily higher than in the control animals.
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& statistical analysis of the differences observed between peak parasitwmia and
average daily parasitemia in the experimental and control animals in each of the
«ix experiments show that in 11 out of 12 instances, the experimental group had
a lower index, and in six the differences were statistically significant, but not in
the remaining five. The consistency of the lower indices in each case and the
significance of the differences in six out of 12 1rialy, lends support to the experimental
data, vielding a logical conclusion.
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with negathe resulu,

Fhree parasitic relapses were encountered among the nine survivors of acule
mfection among {ull-fed control animals in experiments I, 1T and VI. Scanty
parasites were patent only for a day or two during the relapses.  In all, only eleven
half-fed animals survived the acute infection and of these onlv ane {the sole
survivor out of five in experiment I1) developed a relapse which lasted for thirteen
days and ended fatally. In this case, the parasites during the relapse remained
patent for an unusually long period, namely, 13 days ; and the parasitemia was
considerably high for a relapse with a peak of 108 parasites per 10,000 erythrocytes.
Ihis density is considerably more than i the relapses not only of the controi
animals of the present investigation, but of a large number of animals ohserved in
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the course of other studies by the author and his colleagues : Ramakrishnan # af,,
s951). It will be observed that it is extremely difficuit in laboratory experiments
10 secure an adequate number of survivors amongst hali-fed infected animals and
still more difficult to get an adequate number with relapses.

The consistently smaller average spleen volume of the cxperimental group
us compared to the controls indicated that the immunity acquired by the former
was less than the Jatter (Table IV). But the degrece of immunity acquired by
the experimental animals was found to be adequate enough ro nulhiy a challenge
inaculation in the fifth month of the original infection.

TanLe IV,

Iflect of diet on the size uf spleen of infecled rals.
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NISCUSSTON,

On a combined analysis of 1the oifects of starvation previously described by
the author {Ramakrishnan, 1953) and the present results, the effect of nutrition
on the host parasite relationship would appear to be somewhat as follows.  Under-
aourishment of the host affects the nutritional requirements of the parasite, and
therefore its rate of multiplication, and still further its capacity for antigenic
stimulation. As regards the acquisition of specific immunity on the part of the
host against the particular pathogen, it is not possible te obtain clear-cut evidence,
hecause of the fact that in under-nourished host, the antigenic stimulus itself is
guantitatively tower. Possibly on account of the ltowered virulence of the
parasite under conditions of partial starvation of the host, its capacity to relapse
also seems to be greatly diminished. But when in certain under-nourished hosts,
the parasite is somehow able to maintain itsell and relapse, on account of the lack
of sufliciency of stimulation of specific immunity on the part of the host, it reaches
voncentration higher than in fully fed animals in which the stimulus to the
specific immunity potential is of a higher order. But the parasitic density reached
during relapse in an under-nourished host is not so high as during primary
parasitemia of a folly fed animal, and yet with such densltv. the host appears to
reqet very unfavourably with a fatal end. This would perhaps only be due to the
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fact that, v account of under-nourishiment during the relapse, the host is unable
e withstand cven a milder degree ol parasitzmia than it was able 1o during the
course of primary parasttemva. In normal times, a good majority ol the
communitics may be said to be under conditions of poor nourishment. Quite
nossibly, while undes-nourishment of the host in such cases is not favourable to as
rapid and as high u degree of multiplication ol the parasites as in well nourished
mdividuals, when relapses occur amongst a certain number of these infections,
the hosts react unfavourably to the effect of parasitic multiplication,  In normal
iimes, the degree of undernourishment may not be so acute as very largely to
mmterfere with the ratc of multiplication of the parasites. In famine, however,
conditions are different.  During the acute period of famine, the degree of
~garvation reached in a good proporton of the community, s very high. This
apparently greatly reduces the capacity of the parasites to multiply, and hence
daring the period of semi acute starvation in famine, examinations of the peri-
pheral bload may [ail 1o reveal patent parasitemia as shown experimentally by the
author {(Ramg akrishnan, 1953).  When, however, cither the famine conditions
sisappear or special efforts are uwadertaken to establish feeding centres and the
Hosts are provided with inereased nourishment, dormant infections may manifest
chemselves patently, When a good many amongst them retapse, mortality rate
socomsiderably enhanced. Thus, during the acute famine phase, direct mortality
due to malaria is by no means high, though the mortality due to starvation
completely masks deaths duce to other causes.  In the Bengal famine of 1943, condi-
nons similar to what are described above, actually seem to have occurred. The
Famine Enquiry Commission’s Report on page 118 states, ** From about Dzcember,
1943, onwards, there was a change in the ¢linical picture secss in hospitals. Most
of the heds were filled with cases of malaria. The number of cases of famine aedema
sradually diminished during the early months of 1944. Cases of acute starvation
and emaciation became relatively rare.  Patients in general were thin and weak,
and ohviously required plenty of nourishing food to restore them to health. The
majority were anemic,  There was, however, & genuine improvement in the state
of nutrition 7.

The malaria transmission in Bengal is generally from July o December.
Vamine conditions reached their peak at the commencement of 1943. Reliel
measures with all their limitations were instituted by about September of the
same year.  In December, 1943, about two to three months after che reliel
measures were commenced, the reported deaths from malaria were 202°6 per cent
in excess of the quinguennial average. From July to December, 1943, malarial
Hdeaths were 1251 per cent in excess of the guinquennial average., In the first
six months of 1944 when transmission was low or absent, the malarial deaths were
1261 per cent above the quinquennial average. [t would thus secem clear that
until reliel measures were established by about September, 1943, the bulk of the
-jeaths was directly due to starvation, and malaria played very little part as a force
or mortality.  Later on when lacilities for feeding the communities were nrganized
and starvation per se became a factor of lesser importance as a cause of death,
:he infections acquired amongst starved men from July, 1943, onwards, became
much more manifest after feeding was begun and malaria began to exert itself as
A very distinet force of mortality.  On account of the fact that the infections
wquired in the earlier part of the malaria scason could not establish themselves
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but retained Btent and became manitest towards the List quarter ol the year at
a time when feeding arrangements were made available, velapses continued well
iuto the first gquarter of the following vear amongst people who had been exposed
to the rigour of starvation and perhaps cven later could only get partial nourish-
ment.  These were the people who succumbed more readily to the effect vl relapses.

CONCEUSHONS,

Under-nouristunent of the host wifects the parvasite much more than the host
during the stage of primary parasitemia.  Both the average daily parasitzmia and
the peak density reached, are lower in the under-nourished host.  Perhaps, on
rhis account the capacity of the parasite to velapse, is alo fow.  Buat when it does
rclapse, the densities reached are much higher than in the case of (ully fed hosts,
presumably because of the absence of development of an adequate degree of
acquired immunity, either on account of the effect of nader-nourishment on the
defence mechanism of the host or on account of a lower antigenic stimulation
during the peviod of primary parasiwemiz.  Though the density reached during
the relapse in an under-fed host is not as high as in the case of a fuily fed host in
orimary parasitemia, the host reacts very adversely Lo such relapses.

Applying the above findings to the epidemiology of malaria in man, under-
nourishment met with in normal times presumably has « tendency to reduce the
average daily parasitemia and the peak density reached in the primary attack.
But when relapses occur, the host reacts adversely, und as a result of it, malaria
mortality during relapses is considerably enhanced in under-nourished communi-
tics.

Tn famine conditions, during the period of aclive malaria transimission there
iy practically a very low grade parasizentia on account of the absence of nutrition
for the parasitc. The direct malaria mortality cannot be awessed under such
conditions as cxtreme starvation by itsell accounts for a great deal of mortality,
When famine conditions lessen in their intensity and simultancously facilitics for
feeding are cstablished, the latemt parasttemia becomes patent, and on account
of the previous grass under-nourishment of the host, considerably increases malaria
mortality. Mortality continues to remain bigh on account of the long continued
velapses which occur in a certain proportion of cases even when transmission has
veased and the hosts often react very adversely during such refapses.

SUMMARY.

The prinuuy parasitamia has been found to be less intense i the under-
nourished animals than in the well-nourished controls. A fatal parasitological
relapse oceurred in only one animal that survived owt of a group of five on half
diet. Both the duration and the parasite density of the relapse, were considerably
longer and higher, respectively, thun in relapses in several animals on normal
diet.

'The cAect of semi-starvation on hosteparasite relationship in rodent malaria
ts discussed and inferences in relation to human malarial have been made.
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STUDIES ON PLASMODIUM BERGHE! VINCKE AND LIPS, 1948,

*XVIIL. Effect of diet different in quality but adequate in quanticy
on the course of blood-induced infection in rats,

BY
5o P0 RAMARKRISHNAN.
“Malarra tastituie of India, Pelli.

S May 1o, i,

Tue growth of Plasmodium in o susceptible host is most intimaiely related
to the environment in which it finds itself, and environment in its turn is controlled
by at least three known factors, namely {1} adequate availability of nutrients required
by the parasites, {2} capacity of the host to exert its innate immunity to any
infection, and (3) degree of specific immunity acquired by the host. AH these factors
are influenced to some extent by the food available to the host.  Broadly speaking,
the food can he adequate or otherwise in quantity or quality.  Qnantitative
deficiency gives risc to under-nutrition and qualitative deficiency to malnutrition.
The effects of starvation as well as under-nutrition have already heen reported
by the author {Ramakrishnan, 1953 : 1954).

1n the present report, the effect on the course of infection in rats, of different
types of diet in general consumption by human beings, is considered.  The diets
were adequate in quantity in cvery case.

METHODS,

One hundred and thirty-two rais were used for the siudy which consisted
ol six experiments some of which were rveplicates. The animals in each group,
experimental as well as control, were nearly of the same age and sex distribution.
Different diets used in the experiments were generally ol the types represen-
tng vegetarian, lacto-vegetarian and mixed (containing meat). A few were
specially designed for high calorific values to determine their effect, irrespective

*The investigation was financed from a grant by the Indian Council of Madical Rexcarch. This paper
forams part of a thesis submitted for Doctorate degree in Public Health,

L9700
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of the proportion of proximate principles.  Composition and calorific vataes of
the different dicts, and the relative proportion of proximate principles in each, are
shown in Tables T and IL, respectively.  As far as possible it was ensured that cach
Jiet was not deficient in any of the vitamins or minerals.

Tanry 1.
Compasition of diels,
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The ingredients of cach dier, cxeept meal, were mixed together dry in
required proportions and the quantity prepared at a time was sufficient to last
G two Lo three weeks and was stored in o refrigerator,  Meat diets were prepared
daily by boiling the calculated amount of meat in water for o minutes and mixing
it with the rest of the ingredients already in cold storage.  The amount of diet
placed in the cage for cach animal once a day, was in excess of its consumption
in 24 hours.

The period of pre-conditioning of experimental animaks on vegetarian and
fawtomvegetarian dicts varied from three (o four weeks,  Those on meat diets were
presconditioned for two weeks, and the group on different socalorific diets for one
wock,

The average entarged spleen volume was determined by the water displace-
ment method deseribed previously by the author {Ramakrishnan, 1g52).  The
dose, method of inoculation and the criteria for assessment of resuls, were the
same as described previously by the aothor (Ramakrishnan, 1954},

RLESULTS,

Fightcen uninfected controls on dilterent dicts survived  the period  of
abservation (four io five months) indicaoing that the various diets included in the
experiments were not deficient 1o the extent of causing death,

Table HI records the nutridonal status of animals on different diets at the
fime of inoculation. Al groups, except those on rice and pea-nuot, showed an
merease in weight al the end of the pre.conditioning period.

Tanre 7L

Nuirihionaf statns of antmals on different diets al the time of inocilation.
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It is of interest that in accordance with popular impressions, diets with
rice contributed to the greatest increase in weight, while wheat alone or with milk
gave rise to less increase {Table IIT).  Except in younger age groups, meat diet
resulted ondy in a2 moderate weight inerease,
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VEGETARIAN DIET AND INFECTION.

In the first experiment {Tabie 1V}, the animals used were forty-two weeks
sld. The average daily parasitemia in the experimental animals on rice diet
was 145 as against 72 in those on the standard diet. The diflerence, however,
not statistically significant within the limits of the experiment, being restricted to
rwo animals in each group. The peak parasiteria reached is lower in the
cxperimental animals than in the control.  Taken together, in older animals no
difference is established as regards the parasitic behaviour with rice and standard
diets, respectively. In the second experiment in which vounger and relatively
targer number of animals were used, the average daily parasitemia is higher in the
experimental animals on rice diet as also the peak parasitemia. The higher daily
parasitemia is statistically significant though not the higher peak parasitwenva.
Taken together, it would seem that in younger animals, ricc diet tends to favour
the parasitic multiplication during the stage of primary parasitemia, In the fifth
sxperiment in which vegetable protein in the shape of pea-nut was added to the
rice diet, there is practically no difference either in the aversge daily parasitemia
or in the peak parasitemia reached, as compared with the control animals on a
standard Jacto-vegetarian diet. In the last experiment, comparing the effect of
wheat diet and standard diet, there is no difference as regards the peak para-
sitemia reached.  But the average daily parasitemia is slightly higher than in the
experimental group, but the differcnce is net statistically significant.

Tasre TV,

Course of acute infection in rats on vegetarian diefs.

Experiment Age of Numbes § AVERAGE FARASITEMIA PER
number 0 animaly, of ' et i HOON0 Ry THROCYTES.
P weeks animals e e e st s e
! : . Baily | Peak
2 Rice Cows | 183
1. S — e e e
2 Standard iz 21§
' ¥ ! Rice
tE, : e
\ T Standard
V. i 28 i ! Rice and pea~nut 630
12 ~ Standard . 37
" Wheat L2400
Vi : ® R et i - S
! 2434
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tn general, the average enlarged spleen volume of animals on vegetarian
Jier was smalier than that of animals on standard diet {Table VII} which is consis-
vent with the hypothesis earlier assumed that vegetarian diets in general, and rice
diet in particular, were associated with a lesser degree of operation of the forces of
ity
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Fapir V.

Clourse of acule infeciion in rals on mixed dicts.
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MIXED DIEYT AND INFECTION,

The course of acute infection in animals on a dieg with a high proportion
of meat was generally more severe than in animals on standard diet (Table V).
In the case of animals fed on a Jow meat diet but isocalorific with standard diet,
the average daily parasitemia was lower as also the peak parasitemia, The difference
between a low meat diet isocalorific with standard diet and standard diet, was
alone statistically significant.  This shows that a mixed diet favours the host better
than a diet of equal calorific value but without any meat. Mixed diets of higher
calorific values secured hy larger proportions of meat, seem to have cither an
adverse effect on the host, or a favourable effect on the parasites, presumably the
latter. Though the differences are not statistically sigmfcant, the fact that the
differences are consistent in each of the three experiments, and the differences
are in the same direction with respect to hoth the indices, namely, average daily
parasitwmia and peak parasitemnia reached, wonld add considerable vahdity to
the data recorded and the conclusion reached.

As regards survivals from acute infections, by far the largest number of deaths
vecurred in the group fed on a mixed diet {Tablec VI, Likewise, the survival rate
was least in the group on rice and pea-nut, the highest in animals fed on vice diet,
and middling on those fed on wheat

Relapses occurred in three out of nine survivors on rice diet, neither of the
two animals on wheat diet, five out of nine survivors on a standard lacto-vegetarian
diet, und nonc out of the survivors on meat diet {the period of survival being
however not more than two to three weeks after the subsidence of acute infection
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and the establishment of latency) showed relapses. Fxchuding the antmals on
meat diet, which for some reason did not survive for l(mq after the subsidence of
primary parasitamia, rice diet seems to favour relapses as opposed o wheat dict
or rice fortified by pea-nut.  But the proportion of relapses on rice diet is cer-
tainly not higher than in the vase of a standard-lacto-vegetarian dict. These
results, however, do not seem to he of any special significance.

The average enlarged splecn volume of animals on meat diet was equal to
that of antmals on a standard  lacto-vegetarian  diet and targer than that of
animals on vegetarian diet.
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DISCUSSION.,

Fhe swme age group of animals could nat be used inall the experiments owing
to their pon-availability.  As alveady stated, it was ensured that the experimental
e eontrol animals of any particular experiment were of the same age.

Tt was not possible to ensure the same calorific value, nor identical propor-
dons af proximate principles in each diet,  But such variations are ™ nermal ™
iy the different diets of human beings ol different couatries, climates and races.
indeed, it has not been possible to arrive at precise standard requirements of
motein 1o man { Jollife, Tisdall and Cannon, 1950). Within certain limits, the
proximate principles wre capable of being interconvertible in the living animal

Hawk, Oser and Summerson, 1949}, In addition, fats and carbohydrates have
& vertain sparing action on pmmim. In view of the above, minor differences in
the proportion of proximate principles in a diet, seem to be of little importance,

The results of the present experiments confirm the findings by Passmore
and Sommerville (19401 that the severity of first attacks of malaria in individuals,
s not mitigated by a good state of nutrition.  Presuming that diets inclasive of
meRt promote better nutrition, it was found that when meat in a {ltct was exccwvc,
the course of acute infection was more severe.  When meat was * adequate ” in
Juantity in a diet which was isocalorific to standard dict, the acute infection tended
o be mild.  In the final analysis of host parasite relationship, vegetatian and
mcto-vegetarian diets scem to affect the host more favourably than meat dict, but
n mixed diet with low praportion of meat, aflfords the host the best assistance,

The réie of protcin in the diet in relation to gourse of infection appears to
e adilferent in the present experiment from that in studies made by Secler and
MU 1n45) on avian nadaria,  They found  that protein  deficiency in chicks
cansed 2 more severe acute infection than in conttrols, and that the deficient birds
wepre unaide to clear parasites from the peripheral Dblood as rapidly as well
nourished ones. The diet composition in their experiments was of pure chemical
foads, while in the present series it was of natural food stuffs.  Animals fed on diet
with high proportion of protein of animal origin {meat) as compared to those with
iwss proportion of mea, suffered from a more severe acute as well as chronic infec-
ston.  Beltween lwo 1*.ocaionﬁc dicts oue with meat and the other with milk, the
Former was responsible for a milder acwte infection than the latter. Animals fec
o vegetarian diets with low protein and high carbohydrate content, suffered from
i more severe acute infection than their controls on lacto-vegetarian diet.  In no
mstance, however, was the infection so severe as in animals on a diet with high
proportion of meal protein,

As already stated, animals fed on a rice diet, enriched by protein of pea-
nut, suffered from a tm[dcr acute infection than those fed on a diet of rice alone.
Phix could probably have been due to the ligher plant protein content of the diet
inereasing the capacity of the host to acquire immunity.

Braoke {1945} concluded from experiments on avain majaria that birds on
sxpurimental diets which contained high proportion of carbehydrates and poor in
sracticallv all other nutrient values, suffered from a more severe acute infection,
+ greater tendency to relapse, and less resistance to superinfection, than control
animiads fed on bakanced diet,  Tn the suthor’s experiments also, rats on vegetarian
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diets rich  carbohydrates but adeguate in accessory factors, suffered from o
more severe acute infection than their controls on lacto-vegetarian diet. But
the infection was considerably milder in the former in comparison with that in
animals fed on a high protein {meat) diet.

The relapse rates in animals on vegetarian and lacto-vegetarian diets were
about equal while relapses were absent in survivors on mear diet.  But as against
the absence of relapse, a Jarger number of animals on meat diets apparently
succumbed te chronic infection, as compared with those on vegetarian and lacto-
vegetarian diets.

The infection in animals fed on diets which included milk, was consistently
milder than those fcd on pure vegetarian or mixed diets. [t almost seemed that
milk contained a protective factor which was absent in diets without it, whether
of low protein content as in the case of vegetarian diets or of excessive protein
content as in the case of dier with high proportion of meat. In two experiments,
however, where the experimental diet contained the same proportion of meat,
and was isocalorific with standard diet, the course of infection was mild, but in

view of the high mortality in animals on such a diet, despite the mild course of

infection, it seemed that protein of milk was superior 1o that of meat in promoting
the defensive wmechantsm of the host.

SUMMARY AND CONCLUSIONS,

Vegetarian diets of a high carbohydrate content, containing rice or wheat,
gave rise fo 4 more severc acute infection than balanced diet. Very few of the
animals on such a diet died of chronic infection and the degree of acquired
immunity was sufficient to nuliify o chaltenge inoculation.

Animals on a dict with a high proportion of meat, suffered from a much
more severe acute as well as chyonic infection than those on any other diet.  This
scemed jogical in view of the fact that such a diet probably provided in abund-
ance all the nutrients required by the parasites, far in excess of its capacity to
anhance the defensive mechanism ol the host. '

Among the different proteins constituting  differenc diets, milk protein
seemed superior to others in its beneficial influence on the host
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STUDIES ON PLASMODIEAL BERCGIIES VINUKE AND LIPS, 1948.

*XIX. The course of blood-induced infection in pyridoxine or
Vitamin B; deficient rats.

13%
N PO RAMAKRISHNAN,
[ Malaria botiiiie of India, Delhi.
Oay 2201054

P has been well eseablished thi vEaming are reguired by madaria parasites,
aml that the requirements probably  differ from species to species {Editorial,
fancel, 1045). Trager {1949) reviewed the Hterature on vitamin requivements
of  Plasmodrta, and the available informarion on the subject ¥ summarized n
Table T. ’

Seeler and Ot {1045) deduced that pyridoxine was essenttal to Plasmodium
fophura: for its growth in ducklings from their experiments ou biochemical antagonism
Between the vitamin and quinine as well ax atebrin in o mamaer similar o thae
between PABA and sulphonamides.  Storeck, Eisen and John (1047} showed
striking impairnment of antibody respanse 1o sheep erythvoevtes as well as loss of
lymphoid tissue in pyridoxine detficient rats,

As fur as is known, the experiment described here i the first to establish
any direct relationship between pyridoxine deficiency off the host and malavia.

METHODS,

Phe experiment was carvied owt un 12 atbime s, ten of these were six o
seven weeks old and the remaining two were cighteen weeks old,  The sex composi-
non was equal. The animals were kept in specialiv. designed cages in order to
prevent coprophagy.,

A diet deficient in pyridoxine {Appendix 13 modibied from that used by
Gubler, Cartwright and Wintrobe (1949} in their experiments, wus served daily
ad fib. in aduminium cups to cach of the sx animals under experiment.  Of the
two contrel groups of three animals cach, one received the same  diec as the

e investigation was finamced by o graod from the Indiaan Counedl of Medical Researcle, This paper
furss part o a0 thesis sulsaitied Tor a Dactoride degree i Aie Health,
part of b Bnttied for o Doctorme deg t Public Healdd

207 3



108 loffect of pyridosine deficiency on P. berghei infection.
experimental group and was supplemented by an aqueous solution containing
75y of pyridoxine hydrochloride per rat per day, administered oraily, Animals
of second control group were fed on standard diet (Appendix 1) also on an ad lib.
hasis,

Tasin I

Effects of vitwnin deficiency in different hosts on thetr respective malaria parasites.

: i !
“Parasitwmia | Prabable offect !
in deficient | on immuaity

hosis as mechanism of
Yoy Parasiie Deficivie comparcd 1o | deficient boste | Olwerver i3
comirols | as compared
1o thatof
conirods .
Pluck P lophitre Biotin Higher .: Depressed ' Trager (1940}
Dhicken + P laphure and - Biotin Higher : Plepressed Secler, Ot and
: P cathemerium : © Gunde? {19445,
tlintchen - P lophure . Fhiawine Higher  Depressed - Sedler and Ot (1946}
e . P relichon Thisteine Higher ; Notknown Braok= (HE3]).
Ulhiicken P, salbngren Pantathenic acid Lower . Not known Bracket, Waletzky
' : an¢d Baker {1944,
cken P, tophars Paniothenic acid Lower ! Nl kpown Sceler and O (19445
Chicken P lophare ! Folic acid Higher Not kninvn Seeber and Oha (194465,
CUhicken P fuphura U Vitamin A or Niacit Lower ; Not kaown Roos, Hegsied and
: : Stare {1946),
Nibrieer ponse P berghet © Vitamin A or Faower ! Pepresisd Fabiani and Crelicy
Niaein _ ! {1952,
tcken P. lophara Riboflavin . Frwer ‘ Depressed Seeler apd O 39443,
Ylantkey P, fmewedri Yitannn € Lower Not known Mackee and Geitnan
' X : {3448)
: 1
Ntk raf P bergher * PABA | Lower | Not known Hawking (1953,

The period of pre-conditioning of the animals prior o incculation was
projonged and lasted 121 days in the case of experimental group as well as the
controls.  The average daily consumption of food per rat, of all the animals, was
determined. The animals were weighed twice a week throughout the observa-
tton period which lasted il the death of the animals. . The maximum period
wehasive of the pre-condittoning period was 231 days.

The average enlarged spleen volume was determined by water displacement
method described by the author {Ramakrishnan, 1g52). The method and dose
of inoculation, and determination of indices to assess the course of infection, were
the same as described by the author {Ramakrishnan, 1954,
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RESULTS

The daily average food consumpuon of rass did not remain constant for
apimals in any of the three groups {(Table 11}, Peak food consumption for all
the antmals was in the second month of observation. From the third month
onwards, it {ell for all the groups, the highest reduction was in the experimental
group on pyridoxine deficient diet, the least in the group on standard diet, and
mtermediate in the group on the Tortified experimenta! diet. These differences
were probably due to impairment of appetite of the first and the last groups of

autrnals,
Tanre 11

Average daily food consumplion per raf,

AVERAGE FOOD CONSUMPTION 1N GRAMMES PR AT PER DAY,

ey group. e

chruary March ‘ Apnl \r!m Z June, Julv

Pyridoxine deficient . : 1-{ | g:,‘; '1-4 a3 b l
P}'ndox ine de-hf‘u*nt plur !

pynrfmum-iwdrm‘hlnndr BELEI B R ez o83 -7 )
Standard R R RIS R PP

The difference in the food consumption was reflected in the weights of the
animals {Table ITI. At the end of the pre-conditioning period, the group on
the deficient dief showed a smaller increase in weight per cent than the group
on the non-deficient diets.

Tasrr 11,

Weight of animals 1n the course ¢f the experiment.

AVERAGE WEIGHT 1% GRAMMEY,

ey g Nuobwr of - e e s
apimals. z\! commence- O umcula- C At t!m cnd 0!‘
ment. tion. u!nm vation or
’ death,
!'yndoxuu doﬁmma( [ a4 174 ) 172
l’vndo'cmr (it-fu it du-r 1
shus pyridoxine hydro- .
chloride 4 R4 Zeh 207
qtnnda:d a‘ m m-cl.s) 4 246 : 2650 230
R, 164 6 weeks, . t ' i : 19 184

Che signs of pyridoxine deficiency in rats were reviewed by Sinclair (1952}
quoted by Bacon {1953). The signs included changes in the skin, neurological
manifestations such as a characteristic gait and occasional epileptiform fits, and
hematological changes such as microcytic anemia.
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bvery one of the experimental ras displayed dermal changes, mmely patchy
hyperwinia giving rise ta a gencralized brown colouration of the far,  No
acurslogical manifestations were seen in any of the vats,  Hemaiological investiga-
don of the animals {Table TV) showed that they were inemic.  Apparently the
vitamin deficiency was not ahsolote, but only relative.  The group on the fortified
experimental diet also suffered from anaemia, indicating that pyridoxine deficiency
wis it the only factor responsible {for the anemin, '

Tanue 1V,

Haewmatolog p of pyvidorine deficient and condrel rats.

;
Moy of Average iatal ervithros Average onisthes of
Piuen srosges i ohservations CYIES POF v polvehromatophitie
. ©eells per #0000
eevihrocytes

f

My ridoxine deficien { 1 _ 45T [E}]
Hyyidoxine deficient |

Aty pyridoxine bydroe ] )

chilorieds i j i . [T AT ' 158
Standaced diet E 2 ; 5,170,000 3t

the acute infection of pyridoxine deficient rats was mild as compared with
that of the controls® (Table Vi, The datly average parasitanna in the three
wroups was in the ratio 1 1 5 1 5. Simtlarly peak parasitzmia in the three groups
was in the ratio 112 1 2°5 respeciively,  No mortatity occurred in the deficient
graup [rom acnte infection, while it was 100 per cent tn the fwo coniral graups.

TasLe V',

Aflect of pyridacine deficient and conirol diels on P, berghei infection tn albine rats,

- 4 Average parasiee. Pereem L .
- b wiia per 1000 aniwals R L
& P ervthrocvtes died of TR oo™
: . = ! : Y w e
Pl weenage = = I T 11 T A -
Z . ! infee- Zz AT £
- = Paily Peak  tion Pl
i
Pyridoxine deficieni o % i1z 6 i (AT
Peridoxine deficient dicy
whes prvridoxine hydro. . ,
Clebaride 4 7 ik L T I 115 Pogen
Seandard .l LI 3 350 [t S T [

*'he difference in average dailv and peak parasirmia hetween experioenial andd siandard diet eonteot
wrrtrisids, is found to he statistically significant.

*The animals on pyridoxine deficient diet Lived with Bnent infecton for 34 00 11 days ol sheir spleen
coienes were measured at death, while in remaining nve groups the spleen volumes were of acoe infection

Frhe course of parasitinia i asix weeks old animal was essentially the sune as o the other fwo ani-
ks bR aveeks ol
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The oniv wimal i the whole series whieh saftered  from o refapse was
ameng the deficient group. 1t occureed after & latency of 49 davs and lasted tor
ane day, the parasitemin was 3 per 10,000 crythrocytes,

The average enlarged spleen volume was lowest in the experimental group,

highest i the group on fortified experimental dict and intermediate in that led
on standard diet {Table V),

NDISCUSSION,

The results of the experiments showed that pyridonine 15 a4 vitamin essential
for the growth ol Plasmoedinm herghei as s multiplication was markedly lower in
deficient animals than in the controls, Consequent to the low parasitemia,
apparently the anligenic stimulus was slight and gave rise to a smaller degree of
splente enlargement as already mentioned. '

It was seen that the group on fortified experimental diet showed a maore -
fntense parasitenia than the one on deficient diet, resulting in greater degree ot
cetiular response as shown by neurly three times the enlargement of spleen. It
ix nat, however, possible to eonchlade whether this greater degree of cellular activity
way due solely to a greater antigenic stimulus or to the hosts not being subject
fo deficiency m pyridoxine being able to exhibit a better degree of defence.

The amemia per s¢ of the deficient group could not account for the low
pacasitemia, as the group on fortified experimental diet also showed an identical
anenva, but o considerably more enhanced parasitemia.

Clerwain limita ions are inhevent in zive studies as the prosent and numerous
vihers listed in Table L Vitamin deficiency affects the parasite, ficstly by s
cifects on its growth and secondly by Hs effects on host defence mechanism. A
relative hiotin deficiency in rats, as described later, L{wm rise (0 a higher parasita-
iz than iw non-deficient animals. In the case ol certain other vitamin deficiencies
like that of vitamin A and ribollavin (Table I), it appeared that the deficiency
exercised both its dtrml as well as indirect effects on parasitic growth, but the
former was so marked that the latter effect was not patent, i the case of pyridoxine
deficiency it appeared that it affected the parasite more by its direct effects than
indirectly through the host defence mechanism,

SUMMARY.

Pyridoxine <o Vitanvn By was found te be an essertial requiremaent  lor
Plaswiodivm berghee,
The splenic enbargerocnt of the deficient anfnids was less than that of nea-

delicient animals,  This was probably due to the low antigenic dimulus in the
former,
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Appendix I.
The composition of the deficient diet was as follows -

Bassi. DIET.

Casetn (I Merck Darmsiadi; - 27 0 parts
(ane sugar .. b40 .
Coconut o1l ... . 40,
Shark liver oil . o,
Steenhack’s salr mixture No. 40 . 0,

100 parts.
The above was suppiemented by two drops each of acdexolin and wheat germ
oll per rat per week administered orally. The basal dict was prepared every
two to three weeks and stored in the refrigerator. The following proportion of
vitaming was added daily to cvery kg. of basal diet and served to the animals,

Thiamnine hvdrochloride to'0 mg.
Riboflavin IGO0 INg.
Panthenol 4070 mg.
Choline chioride .. 5000 mg,.
Niacin ... 1oo'o mg,
PABA ... booo mg.
tnostiol c. TODOT O M.

Vhe experimental non-deficient diet consisted of the above basal diet and
supplements, further supplemented by 73y of pyridoxine hydrochloride per ra
per day administered orally.

The composition of the standard diet was as {ollows

Whole wheat Hour . L. 72°0 pares
Whole milk powder {Nesprav] A
Dried Brewers™ yeast 30 .,
Calcium carbonate o,

T'able salt o,

100 parts.
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NOTE ON NA

ATURAL PARASITIC INFECTIONS FOUND IN
RATTUS RA

TTUS OF DELBYT MUNICIPAL AREA.
v
SATYA PRAKASH.
: Malaria Instituie of India, Delhi.)
dewe 10 403

A voral of 610 specimens of Raltus ratluy, obtained from the muncipal health
arganization of Dethi. have been used since 1950 at the Malaria Institute of India
in routine studies on Plarmodivm berghet infections in albino mice and rats, The
former were used as recipients of sub-inoculation of blood from the latter animals
which had been treated by various drugs in order to substantiate radical cure.

The routine practice was to cxamine blood smears stained with J.S.B.
- Jaswant Singh and Bhattacharji, 1944) from every animal on rveceipt from the
municipality.  Almost cvery ammal was autopsied on death. The nete records
the different natural infections cincountered in the rats and an analysis of their
seasonal prevalence.

Three protozeon parasites were encountered in the blood and one helminth
in its encysted form in the liver. The protozoon parasites were Trypanosoma
lewisi {Lewis, 1879), Baebesia decumant {Mactie, 1gr15) and Hepatozoon muris {Balfour,
1905}, The hebminthic infection detected was that of Hymenolepts diminuta {Rudalphi,
1819}, Table 1 indicates the number of rats examined every month and the
natural infections observed in them.

The lowest infection rate for hypanssomiasis was 15 per cent in Februavy,
and the highest 70 per cent in April.  Tn the month ol September, the infection
rale was again 60 per cent.  Babesia infections were conspicuously absent during
the first four months of the year.  The lowest rate of 25 per cent was recorded i
ihe month of May, which rosc tv 16 and 18 per cent tm June and September,
respectively, and was the highest in December (20 per cent).  Hepatozoon infections
were also absent in the first three months of the year ; during April, May and
June the infection rate was 16 per cent and reached a peak of 28 per cent in July.
The lowest rate (six per cent} war found in October. Like irypanosomiasis, tenta
infections were found throughout the year. In August, the rate was three per
cent (towest), and 81 per cent (highest) in December.

S H )
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Tasue 1.

Average monthly prevalence of endo-porasites in Rattus rateus during the years
1950, 1951 and 1952,

Number Number

ER F I

. ' Number .
Masih. - of rats ;sh{}\:«'ing iPer c.vnl.: ;\I!:::Y:I:i:; :'Per cent.; slhowing ;Per e‘.rnl,.=E s:::‘?!)r:‘gr iPex cent
! | ’ : [ S
- o ,;_{ e _{W__ e ;_,‘..:, S . =
Yeb. 20 4 ' 7 SO O S e Y
Mar. 17 TR O T T
Apr 24 17 ™ L 4 14 3 I 20
LEETY 14 20 46 | EI 1 11 1 3R
Tun 50 25 a9 b4 16 £ : [ KH - ¥
I, %1 ! 3 46 24 o 43 a0
g M Y +1 J 3 t 3 15 N
Sep. 1 45 n e I T S P
Qo . & 4w 5 2N EPU 3 33
Nev. @ 88 8 ¢ 29 1 S $ 9 2 Ty
Dec. | 65 2 1 20 E 1 . I 5B 8
Foraz, | 616 205 gm 43 R L T e e
: _ : ; |

Parasites in the blond were ohserved to be patent for varying number of days.
Frypanosomes were found to be continuously present for a period of 35 days in
Rat 280, Babesia remaincd patent for g7 days in Rat 14, and Hepatozoon for 15
days in Rat 452.

Tania cysts were generally secu in the Hver and occassionally in the spleen,
fung and kidney. The highest number of cysts encountered in a single animal
was cighteen in the liver of Rat 477. The size of the cysts varied from that of 2
small millet to the size of a pea,
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NATURAL IMMUNITY OF DOMESTIC PIGEONS (COLUMBA
LIv7i4 GMELIN) TO EXPERIMENTAL INFECTIONS
WITH P. GALLINACEUM.

RY

Lizvr.-Coronel JASWANT SINGH, s, chus.{Edin.}, v.p.8.{Eng.},
pr.M. & 1. (London?,

C. P NAIR,
A. DAVID
AND
K. $. KRISHNAN.

| Malario Instinee of India, Delhi.

¢ Mayv 18, 904,

Jaswant Singh, Nair and David (5951} cxamined blood smears of 294
domestic pigeons (Columba livia (melin) obtained in Delhi and its environs, for
plasmodial infection but none was found positive. Further evidence of such
absence of natural plasmodial infections in pigeens has heen recorded by Jaswant
Singh, Krishnan and Dawvid {1g5e}. David and Krishnan {1953) found that
pigeons in Delhi arca are naturally invnune to both bleod and sporozoite-induced
experimental inoculations of P. relictum. The susceptibility of pigeons to blood
and sporozoite-induced infection of P. gallinaceum was examined and the results
of that work are presented in shis paper.

METHODS AND MATERIAL.

Altogether 41 pigeons and 31 fowls were used for the experiment.  All the
pigeons, except one, were obtained from Delhi bird market and their individual
weights varied between o025 and 0°37 kg. One pigeon was a very young one
0'15 kg body weight) picked up {rom the nest when it was about two weeks

VA
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oid, and reaced in the laboratory for a period ol one week in u screcned wire cage.
The fowls used were all obtained from the lfocal poultry farm. '

P. gallinacewn was obtained from the strain maintained in fowls at the
lostitute,  Sporozoites were obtained by feeding laboratory bred 4. egppht
mosquitoes on infected fowls showing sexual forms of the parasite. Infected
mosquitoes were dissected eight to ten days after, cither in normal safine or in
normal fowl serum.  The inocutum in blood-induced infection was determined in
terms ol the number of parasitized erythrocytes per kg, body weight of the bird,
and in the case of the sporozoite-induced infection, in terms of pairs of infected
slands expressed as mosquito equivalents. The route of innculation in all the
experiments was intravenous {wing vein).

In order to determine the exact period up to which sporozoites and tropho-
wvites circulate in the peripheral blood of pigeons after injecting them, as well as
w detect subsequent sub-patent infection in any of them, sub-tnoculations were
made from these birds to normal fowls immediately to within a period of go days
after inoculation. The subinoculations were either in the form of whole bleod or
zmulsion of the organs in 3 1o 5 ., normal saline,

Attempts were made to find out the respective influence of fowl und pigeon
hivod on the susceptibility and/or refractoriness of P. galliaceum infection.  For
this, whole blood in 5 to 15 ¢.c. volume was given intravenously either from normal
iowls to pigeons or from normal pigeons to fowls, five minutes to 24 hours before
the recipient birds got inoculation of P. gallinaceum trophozoites. In one case,
blood containing P. gallinaceum was mixed up with pigeon’s blood and injected
infravenously to a normal fowl :

Tn all the cases, blood smears from normal birds were examined on three
vonsecufive days prior to their inoculation and every alternate day thereafter during
the entire period of observation which generally lasted from 15 fo 64 days.
Sufficient controls were kept appropriate to the investigation by inoculating normal
rowls with trophoznites and sporozoites of P. gallinacenm simultaneounsly with the
corresponding inoculations (o pigeons,

“XPERIMENTAL.

Y. Susceptibilily to sporozoile and blood-induced infections.-~ Thirteen pigeons
.12 adult hirds and one young bird} were inoculated intravenously with blood forms
of P. gallinaceum. 'The inoculation varied from Ro to 4,000 million parasitized
crythrocytes per kg body weight.  Another six pigeons were inoculated by the
.ame route with crushed glands of 10 to 22 4. egypi mosquitoes showing heavy
P. gallinaceum sporezoite infection.  Side by side, three maosquitoes {1, aegypti}
mfected with the same strain of the parasite were fed on anather normal pigeon,

Blood smears of sixteen {out of the twenty birds) wers examined for a period
o 34 to 64 days and the remaining four (sporozoite inoculated =5 ; and blood
inoculated =3} for 11 te 37 days. No parasites could be detected in the peri-
pheral blood of any of these birds during the entire period.  After the due observa-
tion period, these birds were sacrificed and smears of brain, lungs, heart, spleen,
liver and kidneys were examined for any evidence of exo-erythrocytic stages of the
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parasite but with negative result.  Histological study was made of the tissues

collected fromi Bird re (Table I} but no tissue forms of the parasite could be seen
in these either.

TasrLe I,

Susceptrbrlity of pigeons to Mood and sporozotte-induced P. gallinaceum infection.

TNOCULA PIGN.

T i L e Casersateen Hesule (Bi()()d
Pigeon ramber Blood i Sporozoites period and organ
et e ! - ‘davs; SIEATS }
Number of para- | Mosquito
sites’kg. body | equivalent
weight of bied | {numbers)
(in millions) :
g Sy O U
1 ta i o : 64 Negative
i o0 | " i Negative
7oand 3 2HHI 64 Negative
i 3 . 2 Negative
Hr bkl : - 5y Negative
it Uy ; a7 Negative
12+ A ; N 15 Negatived
1 A0 . ia Negative
4 : Eib i Negative
Y5 oamd e : ' e, Gl Negative
v . . ti Gy Noegative
th.S . 2 1 Negative
H) . 22 ) Negative
W 3* ) ) _ il N(_-.ga_liw:

"j‘About wwo weeks ofd bird picked up lrem the nest and reared o the Iaboratory for a
neviod of one week befors using for the experiment,
’ $ncluding tissue sections,

M osquite bite,

i, SUBINOCGULATION RESULTS.

‘) Blood passage from pigeuns lo fowls 55 days after infecting them with blood forms
af" parastte and subsequent inoculation from fowl to fowl .--Two pigeons {Numbers 21
and 22) were inoculated with 1oo million parasitized cells per kg. body weight
from a donor fowl showing heavy P. gallinaceum infection, When there was no
evidence of parasitemia on blood examination during the first fifteen days, two
fowls (Numbers 1 and 2) were inoculated with 5 c.c. blood each {rom Pigeon
23 and 22, respectively. These fowls, in turn, were kept under obscrvation
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for similar period of 15 days after which subinoculations were made from them
to other normal fowls (Number 3 from Number 1 and Number 4 from Number 2}.
On similar lines, serial subinoculations were made up to fourth passage as listed
below -

Initéal inoculation from pigeons fo jowls and subsequent serigl sub-passages from
Jowl o forel

Experiment | Experiment 1

Pigeon 21 Pigeon 22
Fowl s Fow! 1
Fowl 3 Fowl 4
Fowl 3 Fowl &
Fowl 7 Fowl 8

In all the cases, the volume of blood ipoculated was 3 c.c. aud route of
movculation intravenous. Donor birds {pigeons as well as fowls} after subinocula-
tfion from. them were again kept under observation for a further period of 3o days
after which they were sacrificed and smears from brain, Inngs, heart, spleen, liver
and kidneys were examined. In all cases, neither the tissue smears nor the blood
smears showed any parasites.

{6y Tissue passage lo fowls from pigeons, 15 days after iroculaling them with blood
forms of the parasites.—In another trial, four pigeons (Number 23 to 26} were given
intravenous inoculation of goo to 8oo million parasitized crythrocytes per kg hody
weight of the bird 15 days after these birds were killed, and tissue emulsion of each
sonsisting of brain, lungs, heart, spleen, liver and kidneys, was injected intravenously
to Fawls g to 12, respectively.  After tapse of 30 days, these fowls were ultimately
sacrificed and their organ smears examined.  Neither these, nor the blooed
smears collected during the 30 days observation of the fowls, and i3 days
ohservation of pigeons, revealed auny type of parasite.

(¢} Tissue passage of fowls from pigeons inoculated with sporozoiles and subsequent
#load passage from fowl to fowl.~—Six pigeons {Numbers 27 to 32} were given intra-
venous inoculation of crushed glands of Aedes egypii mosquitoes infected with P
gallinazeum in doses varying from g to 50 mosguito equivalents. These pigeons
were sacrificed 48 to 240 hours after inoculation and tissue emulsion of each bird
wijected separately into normal {owls mtravenously {Numbers 13 and 18}, The
details are shown in Tabie T1. The smears of organs of these pigeons were not
found positive at the time of inoculation. Similarly, no parasites could be
detected by histological study of various organs of Pigeon 25 that was sacrificed
46 hours after recetving the hcaviest dose of inoculum (50 pairs of infected
¢lands). Blood examination of the subinoculated fowls also gave negative results
throughout the period of 15 to 30 days over which they were observed. At this
sage, 5 o.c. blood was subinoculated to one normal fowl each from three of the
above birds and they in turn were observed for 18 to 33 days. Organ smears of
all these fowls after subinoculation or completion of observation, ns the case mav
be, proved negative.
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Tansry H,
Details of inoculation of nermal fowds wilth tissues emulsion of the pigeons,

snoculated with P. gallinaceum sporozoites and subsequent blood passage
from some of these fowls te other normal fowls.

FNrIEAL INOCULATION.  SRRIAL PASSAGE | (EMULSION OF ORGANS). SERIAL ¢assane T {BLOOD INOCULATION),

_Interval between !

inoculation of

| . . i Interval between
Number (Inocutation, the pigeons and fhumbﬂ ¢ Ohserva-

sissuv injection of ; Observa-

of the | masguite | the injection of | 0;; }::;" ‘tion period n:::i:’cl-r Etin‘ fowl and biood tioe period
pigeon. jequivalent.’ the tissye emuls injected. {duys). “ passage from it | { days ).

% mr; tofowls TV . { days ). :

: { Iwrsrs 3, :

' : 4 *

P U A S ST LE PSPPSR S -
27 9 18 B 30 ' :
oW 4% I E I
20 a a6 F Ot I S 18 S
s b 141 oo 200 '

H 26 192 17 2, 18 30 33
12 14 kL0 |5 22 §7 [ 22 23

(d) Subinoculution of fowls from pigeons soon after their inoculation wilh trophozoites
ar sporozoites of P. gallinaccum.—Effect of subinoeulation of fowls from pigeons
shortly after their inoculation, either with blood forms or sporozoites of P.
gallinaceum, was observed in eight cases.  Three pigeons, Numbers 33, 34 and 33,
were inoculated intravenously into the right wing vein, blood forms of the parasite
at the rate of 550 to 600 millien per kg. body weight of the bird.  Five c.c. blood
was withdrawn from the left wing of the birds, five to seven minutes, 2'5 minutes
and 1°5 minutes, respectively, after that and subinoculated to one healthy fowl
each, Numbers 19 10 21, The fowl inoculated with the 1°5 minutes sample became
positive within 24 hours and ran a normal course of infection. The other two
birds remained negative during 30 to 32 days observation period. The blood
samples used for inoculation, on examination, also showed that with the exception
of 1°5 minutes specimen, all the others were negative.  Smcars were made from
some pigeons 5, 1o and 5 minutes after trophozoite inoculation and they too proved
negative for parasites.

Pigeons 46 to 4o were given intravenous injection of 19 to 45 pairs
of positive crushed salivary glands of . zgypti into the right wing vein. Similar
to the above blood phase experiment, 3 to § c.c. bloed was withdrawn from the
left wing vein of these birds within one to eight minntes after the sporozoite
inoculation, and injected intravenously to healthy Towls, 22 to 26 res-
pectively, as shown in Table IIJ. In some cases, when it was difficult to get
sufficient quantity of blood froem wing veins of the pigeons, they were killed and
blood drawn {rom heart to make up the required quantitv, Of all the recipient
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fowls, except Fowl 26 that received the sample of blood drawn from pigeon
within four minutes of the inos ulation, the rest remained negative daring
42 to 50 days observation period. In Fowl 26, parasites could he detected on
the eighth day after blood inoculation. Al the pigeons in this trial, with the
exception of three which had to be killed for collecting blood from the heart, were
kept under observation for 45 to 60 days and their hlood smears during the permd
were throughout negative.

TasLe [IT.

Resulls of subinoculation of  fowls from pigeons after their ineculation with
troplozoites or sparozoites of P. gallinaceam.

Prarox, : Fows,.
VU SR —
Inoculation. : Time fapse .
f— R hetwern 11‘1()-:';:—[‘2]?5‘):‘;?1(; o Resulis
Bload forms of iSporezoit es- Jation and sub-"", d ii et Moud smear Cowis
Xumber parasite mill-| {mosquite . Numher © inoculation P i
wonfkg. body ' equiva- - {minules)
weight) lent) : :
5 T 1. S 9. S0 ¥ 32 Negative
M £50 e 25 17 Positive within 24 hours
3a I 1 . . 210 . i3 Bl Negative
a0 . 19 2! 15 30 Negative
37 i a3 245 3 Negatie
A% B ¥ S 1 Lg% A0 Negative
g : 30 : 25 bin T 42 - MNegative
in ) it 24 1w 4 30 Positive vighth day,

11}, Effect of normal forwl blvod on the susceptibility of P. gallinaceum in pigeon ;
and of pigeon blood on the susceptibilily of the parasite in fowls.—Effect of normal fowl
blood on the suscepubﬂity of P. gallinaceum in pigeon was determined in one case.
Pigeon 41 was given 5 c.c . blood and within 24 hours, 15 million pacasitized (P.
nallinaceum) erythrocytes were given intravenously. The bird remained negative
during the following go days.

As a parallel, effect of pigeon hiood on the susceptibility of /. gallinaceum
in {owls was investigated in 4 fowls. Two fowls received 8 to 15 c.o. pigeon blood
as a single injectiop.  Five minutes thereaiter in one case, and 24 hours after in
*hc other, 60 million parasites were inocufated ntravencusly. In another case,
3 c.C. pigeon blood was given once a day for six days and after the last injection,
the bird was infected with 50 million parasites. In the fourth, 8 c.c. blood was
mixed up with 13 million parasites and given as a single injection {Table IV}, AN
the four fowls hecame positive within 24 hours after the infective biood inoeniation



Jaswand Singh, C. P, Nao, A David and K. 5. Krishnan. 24

fust like the controt Fowl 27 that had veccived the trophazoite inoculation with-
ot the prior administration ot pigeon blood.

TasLy IV,

Effect of pigeon blood on the susceptibitily of P, gallinaceam in fowls, and fowls
bood on the suscepiihilily of this species tn pigeon..

e Proapoms: Fowis
Numher . +1
Normal Fowl )
[ T ] 1 T e T i
injected Pigeon .- .- . [ £t b 3
te : .

Thrice, Onve {nce Onee Daily for &
- alternale ’ days
day

inoculune. Million

P, waltinaveun para- :
sitesfkg. body weight i% fig ] £ify I S
Inerval between nors ' :

matf and infeciive - . ! -

hlaod inoculation ... 24 hours® : 24 bowrs é‘i mimutes  Mixed blood 24 hours
R e o PR -—n]-.—. —_—— —\————J _— A

; |

Resulis { Firse positive] j Negaiive? © M hours 24 hours 34 hours . 24 hours 24 hours
1

*ARer the Jast injection of fow! bioad.
bservation peringd--30 days.

DISCUSSTON.

No patent parasitemia occurred in pigeons after inoculation with heavy
duses of P. gallinacenm sporozoites or the parasitized erythrocytes (Tabile I),

The negative results obtained with {i} tissue subinoculations from pigeons
inoculated with blood forms of the parasite, to fowls (Fowls ¢ to 12) and
;ii) several serial sub-passages of blood from pigeons to fowls first, and subsequently
jrom fowl to lowl {Fowls 1 to 8) indicate that infective blood inoculation
1) pigeons does not give rise to cither phanerozoic type of infection or subpatent
infection of the blaod. The former assumption s substantiated lurther by the
fact that microscopic examination of the tissues of the voung pigeon {Number 12,
Table Y 15 days after the inoculation of infective blood, showed no parasifes,

The findings in the experiment in which tissue subinoculation was made to
fowls [Tom pigeons {inoculated previously with sporozoites) and subsequently sub-
passaged from fowl to fowl], indicate that the parasites do not develop even 1o the
infective pre-erythrocytic stages.

Perhaps it may even be concluded that no pre-erythrocytic forms are formed
e these birds beeause the organs such as brain, lungs, heart, spleen, liveyr and



P24 Natural immunity of pigeons to P. gallinaceum.

kidney of Pigeon 25 which was sacrificed g6 hours after inoculation of
the salivary glands of 50 infected mosquitoes (Table IT}, showed no parasites on
histological studies,

The test to determine the fate of the invculated trophezoites and sporozoites
has shown that they do not remain in the peripheral blood for more than four
minutes {Table 11},

Huft (1950} has shown that P. gallinacenm infection oceurs in various combina-
tions depending upon the type of the avian host.  Pheasants inoculated with the
sporozoites of P. gallinaceum give rise to both pre-erythrocytic and erythroeytic
stages. In turkeys and canaries, the infection stopped with the pre-erythrocytic
siages, whereas in guinea fowl, California Valley quail, and ring neck doves, neither
pre~erythrocytic nor erythrocytic stages were found.

With regard to domestic pigeons, Huff {loc. cit.} found no pre-ertythrocytic
stages in skins biopsied after 42 and 70 hours intracutaneous inoculation
of sporozoites of P. gallinacewm from 3c infected mosquitves. In the present
experiments, though the sporozoites were inoculated intravenously, the results
whtained ‘are in conformity with those of Hull' {foc. cit.) with regard to the high
degree of natural immunity of pigeons to the pre-erythrocytic stage of P. gallinaceum.
Another observation recorded by Hufl {loc. ¢it.) was that, though no pre-erythro-
cytic stages of P. gallinaceum were found in the Iocal site of intracutaneous inocula-
tion of the pigeon, two erythrocytic parasites were found in the hird on the eigh-
weenth day and none on subsequent days. Moreover, parasitemia of a very low
grade resulted in one of four subinoculated chicks. The low grade parasitemia
was not, however, demonstrable in the present experiments. As the birds belong
w the same species, this relative difference in the susceptibility of P. gallinaceum
ipfection is not clear.  Perhaps it may be duc to some varfation in the physiological
state of the host than to any other immunaelogical factor.

Immunity of pigeons to P. gellinacenm was not altered by its prior inoculation
of whole blood from a normal fowl. Likewise, the susceptibility of the fowls to
P. gallingcenm infection could not be changed even to a slight degree by the inocula-
tion of pigeon blood into the fowl (Table IV}, Though much significance cannot
be attached to the failure of fow! blood to influcnce the non-susceptibility of
mgeons to P. gallinaceum infection due mainly to the limited nature of the trials,
the unchanged course of infection in fowls inoculated previously with pigeon blood
i different quantities and at different intervals, tend to indicate that no passive
immunity existed in pigeons as a result of previous natural infections.

Both chicks and pigeons are said to possess Forssman antigen with this
differcnce, that in the pigeon it is present only in organs whereas in the chicks it s
present both in the organs and in erythrocytes (Boyd, 1939). Jacob (1945)
discussing about the great parallelism between the absence of Forssnian antigen
and susceptibility to malaria pointed out that with the exception of chicks, ail the
others in which this antigen was present, represented the group of vertebrates
that are hot hosts to malaria. This hypothesis he could not substantiate, however,
because injections of material known 1o contain Forssman bapien {e.g., from herse
kidney, or guinnea pig kidney or sheep red cell) at spaced intervals into pekin
white ducklings to increase their resistance to P, lophure infection, vielded largely
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negative results ; Jacob, loe. cif,). Simil.n]y, Becker and Schwink {19534} reported
that when hotse Ltdney extract (* source of material ¥ of Forssman hapten) was
injected intravenously into chicks beginning an hour belore their inoculation with
duck ervihrocytes containing P. loplure, the course of infection in chicks was not
significantly influenced. This they thought was possibly due to the fact that organ
(issues had a stronger affinity for horse kidney extract than pia‘;ma so that it was
removed from the blood Dbefore its effect could be noted. Bxperiments on
similar lines {Becker, Schwink and Prather, 1951 and Becker and Schwink 19538)
in which duck plasma or duck serum, or sero-mucoid separated from duck plasma
or serun, or duck liver extract, was injected for sparing properties, resulted in an
overall increase in parasite count in test chicks as compared with the control birds.

The above sparing phenomenon if it could be made applicable to the present
preliminary experiments, one should expecta greater degree of infection in the fowls
that received pigeon’s binod than the controls that received no such injection, but
the same was not evident, No conclusion is attempied to the effect that no
sparing phenomenon was present, as it is obvious that measurement of that kind
is not casy in a host which is even otherwisc highly susceptible to the infection.
Moreover, the injeclion of whole blood probably is not as close an approach as
the serum or plasma or seromuceid to the actual sparing substance.

SUMMARY,

Experiments were carmed out using 41 pigeons and g1 fowls te Bnd out the
susceptibility of pigeons to P. gallinacewm infection.

Total and solid natural immunity of the host was cvident both against
sporozoite and infective blood ineculations.  Injection of large numbers of these
sporozoites and parasitized erythrocytes resubted in rapid clearance of these forms
from circulation and absence of developed parasitamia.

[ntravenous administration of normal fowl blood to pigeon and pigeon
blvod to fowls, prior to inoculation of infective blood coutaining P. gallinaceum, did
not bring about any change etther in the non-susceptibility of pigeons or in the
sasceptibility of fowls to this infection,
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IN the past, many workers have attempted to solve the problem of radical
cure 1 relapsing malaria which is primarily duc 10 P. rivex infection.  The success
aimed at could not he achieved frstly because the chances of re-infection after
cure could not he reduced in the absence of suitable malaria control measures
in mast parts of the country, and sccondly, because pamaquin which is known
1o have antirelapse properties (Sinton of al, 1930} is unfortunately saddled with
twe major handicaps of being a poor schizonticide and its margin of safety between
therapeutic and toxic dose being considerably narrow,

On account of malaria control programmes in many :tates, the position of
Iate has been changing. Thus pari passt with cffective control measures aiming
at interception of transmission and reduction in the reservoir of infection, chances

i 197 1
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of reinfection would be considerably minimised. Now with the National Malaria
Control Programme {Jaswan? Singh, 1953} which was launched in April, 1953,
the needs of a radical cure become all the more obvious, and in this connection
the role of the newer 8-amino-quinolines like pentaquine (Drake #f 2l., 10946,
sopentaquine and primaquine {Elderfield ef al,, 1947}, 15 gaining importance.
They are comparatively less toxic than pamaquin. Primaguine i considered to
he the least toxic of the series and has been shown to passess effective schizonticidal
properties (Chakrabarty and Chaudhuri, 1953 ; Jaswant Singh, Ray, Basu # al.,
1953).

During his studics on pyrimcthamine (daraprim}, Coatney {1gs2} had
shserved that if the drug was continued in weekly doses after the treatment of
acute attacks, up to a period of cight weeks, the rate of relapses was reduced. In
the recommended dose of 25 mg. {or an adult, the drug showed no harmful effect
-Coatney el. al., 1953 ; Myatt ef al., 1953},

So far, investigations on primaquine and pyrimetharnine had heen under-
taken under hospital conditions in this country, and results of hospital investiga-
tions ta determine the relapse rates after treatment with primaquine have already
been reporied carlier by faswant Singh, Ray, Basu ef al. (1953 loc. ot} Tt is
essential that such a scheme should first be undertaken in the field.

Recently, a field station was established at Shivpuri, Madhya Bharat, in the
antwmn of 1953 where primaguinc or pyrimethamine was used as an antirelapse
measure.  Side by side, hospital studies on the cffect of weekly treatment with
pyvrimethamine were taken up at the Jail and the Police hospiials in  Defhi.
These have been reported in a previous communication {Ray # gl., 1953).

Six villages near Shivpuri {72 miles from Gwalior, on the main road Delhi
ta Bombay) were selected after a preliminary survey in August, 1953, While
the areas to the west and the south of Shivpuri are flat, in the north and the
east they are hilly and traversed by several streams. The annual rainfall varies
hetween 28 and 40 inches,  In 1953, it was 30°77 inches and -the average for
ihe previous four years was 36-2 inches. The spleen rates of the two villages,
Singhanbas and Manihar, situated to the west and the southi-west of Shivpuri,
respectively, were 24 and 17 per cent.  Two other villages, Bachhora and
Thakurpura, situated towards the north of the town showed spleen rates of 33
and g4 per cent, respectively.  Those of Kota and Bhagora, g miles 1o the east
of Shivpuri, had spleen rates of by and 74 per cent.

Except in a few cases, spleen in the children belonging to the villages of
Singhanbas and Manihar, was found to be soft and °just palpable’. The
picture at Bachhora and Thakurpura was more or less similar.  On the contrary,
majority of the children from Kota and Bhagora were found to have bard and
fairty enlarged spleen, often three to four fingers below the costal margin. In
20 per cent of these cascs, there was concomitant enlargement of the iver. A spleen
survey was carried out also at the conclusion of the studies.

In September, 1953, a survey was carried out in determine the density of
prepondering anopheline mosquitoes.  Blood smears from all fever cases were
taken and examined. FEach village was visited daily and, wherever necessary,
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house to house visits were made.  This was accessary before spraying all villages
with insecticades m order to cffectively intercept transmission.  Entomological
data revealed that density of A. eulieifacies was uniformly highest in all the vnllagcq.
Pari passu with the commencement of treatment, the villages were sprayed with insec-
ticides to eliminate further transmission as reported carlier {Ray ef al., 1953 loc, cit.).
A further spraying programme was arranged in carly March to intercept spring
ransmission, i any. Examination of blood smears revealed that up to early
October, the prepondering species of malaria parasite was P, faleiparum,  Subse-
quently, as the number of P. falciparum cases dwindled, that of P, vivex increased
progressively tiil early November.

Al the 102 cases with P. vizax, 2 cases with vivax and maelarie, and 3 cases
with P. malerie ifections, were placed under the one or the other antirelapse
regime.  Regime 1 consisted of 75 mg. of primaquine* administered twice daily
for a pertod of 5 days, i.e., a total dose of 75 mg. at the rate of 15 mg. a day for an
adult.  Proportionate dose was given to the children.  These cases were observed
closely twice a day for any signs of toxic mantlestations. Further, they were
advised to restrict their activities as far as possible,  But in actual practice, when
they were afehrile, neither the children could be confined to the house nor was
it possible to dissuade the villagers from going to the field.

Regime Il consisted of two quinine-daraprim tabictst administered every
12 hours up to three such doses similar to that reported in an carlier paper by
Jaswant Singh, Ray, Misra and Nair (1953). The total dose of quinine hydro-
chloride was 27 grain {equivalent to 37 grain of quinine sulphate) and 30 mg,
of pyrimethamine {daraprim). This initial treatment was followed by a weekly
dose of 25 mg. of pyrimethamine for eight wecks. Proportionate doses were given
ta children.

Subsequently, all these cases were followed-up for a period of 180 to 224
days {6 to 74 months). Periodically and at the conclusion of the investigation,
binod smears were examined for evidenee of any parasitic relapse.

Many of the cases which showed P. faleiparnm infection, were treated with
different doses of quinine and pyrimethamine as reported carlier { Jaswant Singh,
Ray, Misra and Nair, 1953 loc. cit.}.

The cases treated in Delbi were mostly from the olice Force and only a
few from the inmates of the Deihi Jail. A carelul and systematic check was made
mn each case to determine the scurce of infection and the locality from where the
case was admitted. Majority of the cases were found to have acquired the infec-
tion while away from Delhi either on leave or on training elsewhere.  On account
of intensive malaria control measures undertaken in Delbi, the actual number of
cases, who appeared to have contracted malaria locally, was very few. However,
durmg the investigations, heavy spraying of all police barracks and the hospital
was carried out repcatedly. Both anti-adult and anti-larval measures were
undertaken in the jail premises.

*Received through the courtesy of Messes. Tmperial Chemical Indusiries.

#Received through the courtesy of the Welleome Laborawories,  Hach (abler contains & mg, of pyri-
methamine and (3 gm. 43 grain) of quinine dibydrochloride.
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The disposition of all cases under different regimes s shown in Table |

below -

TasLe 1.

Distribution of malaria cases under the twe regimes.

Laperinettal
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*Threc cases left the, arca lor short periods during DecemberfJanvary but returned again

anel were followed up.

had any subsequent attack,

Carefut kistory of thelr movements was raken,

None of these thren

Thus it would be evident that although a total of 176 cases were placed uader
the two regimes, the actual number which could be followed-up throughout the
neriod of observation was 146.

RESULTS.

Response lo initial freatment.— During the treatment of acute infsction, the
rate ol clearance of asexual parasites under the different regimes was vecorded as

shown in Table 11,

Records of temperature could be available only in those cases

treated in the hospital at Delhi, but not at the field station duc to difficultics asso-
ciated under such conditions.

Tane 11,

Clearance of asexual parasites and religf of clinical symptoms (in howrs).
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Yram Table 1§ it would be evident that within a period of 72 hours, clearance
of asexual parasites from the peripheral blood was attained in g4 to 100 per cent
in all cases ; 94 per cent under primaqguine and 98 to 100 per cent under the
combined regime with guinine and daraprim. Clinical response under the latter
regime was observed to he similar to parasite clearance rate. However, during
the first 48 hours, the rate of parasite clearance under primaquine was only 52
per ceat as against 85 to 95 per cent under quinine-daraprim.  All the three
P, mualarie cases responded prompily te the regime.

Table I helow shows the rate of gametocyte clearance.

Tasse ],

Clearanee of pametocyles {in hours).

i

- Total casesy

: CLEARANCE UF GAMETOUVTES WITION HOURS,
R‘.‘g:!!l'?. showing e e P e B T
BANICIREYTeS, 1 44 l 72 : ]
©m e e e el e b b e e ,.._.'I.. - S d . -v; Frnsdenndtt
i ' 14 i E :
(LM
; .
f i 1 : 23 : 7 3
TS  O1) S B {12 S BN S 11 T
: i
#Thiz includes cases from both stations. Figures in brackets represent percentage of cases.

Vhout one third o the cuses under cach regime showed gametocytes at
the e when treatment was hegun.  The rate of clearance within 48 hours was
tag per cent under primaguine as against 79'0 per cent under guinine-daraprim.
Under the latter regime, 100 por cent clearance was attained much later {within
36 hours).

Under Regime I, there bad not been a single casc of relapse, clinical or
parasitic.

Under Regime 1, from the series treated n Delhi, there was one case of
relapse 123 days after the initial treatment, fe., 67 days afier completion of the
tolfow-up course, In 1he series treated at Shivpuri, there was one case who had
clinieal manifestations and parasitemia, 152 days after the initial treatment or 6
davs alter follow up treatment.  In three othey cases, evidence of parasitic relapse
was observed when the blood smears were examined during the last survey.  The
relapses were observed 2og-222 days after wnitial treatment or 153 to 166 days
after completion of follow-up treatment.  One more case under the same regime
developed high temperature, in the night, 160 days after completion of the treat-
ment {104 days after follow-up treatment}.  But the follewing morning he left the
area 1o be treated in lown. On interrogation after his return a few days later, it
was ascertained that he had two bouts of fever and was freated with chloroquine
by his physician, but blood smear was not examined. No parasite was detectable
in his blood when be returned 1o the experimental area.
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In none of the cases any toxic maniestations could be detecred nor was
there any kind of complaint from any source,

The tinal spleen survey showed considerable reduction in the spleen rate
Tabie TV,

Tapre 1V,

Npieen  survey,

INIrens SPLEEN SURVEY Fanac seLses sUBVEY .
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*Classihicarton is aler Hackew {Russell ef af,, 19441

The reduction in the spleen rates in villages 1 to 4 appcars o be dramalic,
whereas in villages 5 and 6, the rate was reduced to about 30 per cent onlv.  The
rapid reduction in villages 1 to 4 above, is not altogether unexpected, on account
af the tvpe of spleen encountered during the initial survey.

DISCUSSLION,

whgecombh et wf. (1930 reported that with 22'5 mg. daily dosage lor 6 days,
onnniguine had curative properties and that when the same was combined with
B4 gm, of quinine (base), relapses were prevented  in practically 106 per cent
of cases 7. By increasing the dosage to 60 mg. daily, no therapeutic advantage
was observed but on the other hand toxic manifestations were cvident. Later,
ihis group of workers ohserved equally satisfactory result after a dose of 15 mg.
datly for 14 days, subsequent to chioroquine treatment during wcute attack.

Recent reports from Jaswant Singh, Ray efal. {1953} show that during
ag observation period ol 1 to 2 years, there had been only 1 case of relapse in a
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series of 20 cases of £, pivex treaied with 1o g, daily dose 15 myg. D.d.j of prima-
quine alone administered for 10 days.

In the present series, it is evident that during the period ol observation, m
nom: of the 46 cases treated with 15 mg. dailly dose {75 mg. bd.} of primaquine
ior 5 days, there was any relapse.

No toxic wmantfestation of any kind was encountered in the series treated
carlier with 1o mg. daily under hospital conditions, Even when the dose was
increased to 15 mg., and the patients were ambulatory throughout {some resuming
10 normal dutics when afebrile) as in the present series, adverse side symptoms
were conspicuously absent.  Further, even without the aid of quinine, primaquine
was effective in clearing the asexual parasites in g4 per cent of cases within 72 hours,
and nons of the cases proved refractory.

In view of these observations, the rale of primaquine in the treatment of
relapsing malaria, under hospital er rural condition, appears to he well established.

As regards the follow-up regime with pyrimethamine for 8 weeks, the results
obtained in the present scrics appear te he satisfactory for all practical purposes,
as ooty 6 out of roo cases (6 per cent} which include the patient who gave history
of clinical symptoms and responded to chloroquine, had relapses.  In this respect,
these observations show better results than reported by Coatney ef al. (1959 loc, cit.)
who had recorded 6 relapses out of 15 patients,  But it may be pointed out that
while their observation period varied from 41g to 537 days, in the present series
it was for 180 to 224 days only, The alternative explanation may be that the dose
of infection regulated the course of events.  Coatney ¢f al. (1953 loc. cit.} seem to
believe that the dose of sporozoite may be a factor in the rate of cure. This is
evident from the data reported by them that 4 out of 6 cases of relapses received
the heaviest sporozoite dose. This may also be the explanation for the much higher
rate of refapsc in the Shivpuri series (an area without any previous control measures),
as compared to Delhi serics where on aceount of adequate control measures,
repeated or heavy dose of infection would be unlikely.

I all cases under quinine-daraprim regime (inital treatwnem), parasite
ciearance was attained in 86 to gf per cent of cases during the first 48 hours, and
48 to 100 per cent within 72 hours.  During the same periods, clinical response in
rhe serics treated in Deihi was observed in 98 and 100 per cent of cases, respectively.
‘Thus compared 1o the treatment regimes adopted carbier with a single or repeated
doses of 25 mg. of pyrimethamine wherein the asexual parasite clearance was
attained in 64 to g2 per ceni cases within 48 hours and 88 to 100 per cent within
72 hours, and relief of clinical symptoms observed in 53 (0 g2 and 64 to 100 per
cent of cases respectively during the same period {Jaswant Singh, Ray et al.,, 1952},
the present regime appears to be advantageous.  This atiributed largely to the in-
clusion of 27 grain of gquinine dihydrochloride which in itselfis an effective remedy.

A comparison on the rates of parasite clearance in Regimes I and II shows
that with'n 43 hours complete clearance was attained in 52 per cent ol cases
under Regime T as against 86 to g6 per cent of cases under Regime II. The
figures for 72 hours were g4 per cent under Regitne I and 98 to 100 per cent under
Regime I1,
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Thus, although primaquine appeared to be tardy ia the beginning, in the
final analysis it proved almost as cffective as quinine-daraprim course.

(lomparing the effects on gametocytes, Regime 1 proved to he dehnitely
superior to Regime II.

Faking the overall picture, the following points emerge ont of the present
studies -

‘a} Both regimes are effective in preventing relapse: but primaquine showed
sumewhat better results than pyrimethamine,

15} For all practical purposes, both the regimes exert more ar less the same
cffect on the asexual parasites. However, on critical analysis it may be said that
Regime 1T is slightly better.

(c) The position is reversed in regard to their action on gametocytes, and
Regime T is copsidered to be betier of the two.

{d) None of the regimes gave rise to adverse side symptoms.

Thus though both regimes may appear to be effective, the final appraisal
will depend on the price structurc and more important is the case with which
these can be administered. While in Regime I the patient has 1o take the
antimalarial on 5 consccutive days, in the other regime it is neeessary that the
patient takes the drug every week for 8 consecutive weeks.

From practical point of view it scems logical that implementation of Regime 1
would be easier as the drug administration begins when the patient is actually ill
and as such hie is likely to take the remedy even withont medical supervision for at
feast ‘2 to 4 days. On the other hand, since the follow-up treatment with pyri-
methamine begins after the injtial treatment and is to be continued {or 8 weeks, it
would be difficult to ensure that the drug has been actually taken as, by nature, the
geople are reluctant to any kind of medication when they are free from ailments.
Another apparent disadvantage is that wwo different types of tablets, quinine-
daraprim, and pyrimethamine, are required under the second regime and this
might be somewhat confusing to some.

For appraisal of the cost accounting, it would be necessary o compare the
price structure of 75 mg. of primaquine as against 230 mg. of pyrimethaming and
27 grain of quinine dihydrochioride. However, the second regime can be modified
by changing the initial treatmeni regime to any of the powerful schzonticidat drugs
iike ‘quinine, mapacrine or the g-aminoquinolines. Ohviously the cost would
vary according to the choice of such drugs.

The general picture after the final spleen survey appearcd to bhe highly
satisfactory particularly in villages 1 to 4. This is believed to be due, firstly, to
the larger number of cases with Class 1 and 2 spleen, and concomitant treatment
of all cases. Secondly, the application of insecticides helped considerably in
cutting down subsequent re-infections. The comparatively lesser reduction, in
Villages 4 and 5, is due to the number of cases showing Class 2 1o 4 spleen, the
evidence ol which was still present during the final survey.
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SUMMARY.

1. A total of 170 cases were placed under anti-relapse treatment ; 50 cases
under primaquine {Regime I) out of which 46 could be followed-up, and of 126
cases under quinine-daraprim { Regime 11 ), 100 could be kept under observation.
The cases were observed for periods ranging from six months to seven-and-a-half
months.

Sixty-nine of these cases were treated (Regime I1) in hospitals in Delhs,
and toy cases were treated in the rural areas around Shivpuri in Madhya Bharat.

2. None of the cases under primaquine relapsed, whereas 6* out of roo
6 per cent) had relapsed under quinine-daraprim,

3. Response during the initial treatment, as determined by parasite
clesrunce rate, was slightly better under Regime I than {.  Reverse was the case
regarding the cHect on gametocytes.

4. No toxic manifestations were observed under any of the regimes.

3. Taking all points into consideration, primaquine regime shows a few
advantages over the other particularly because it is Tess complicated and has to be
continued Tor short period.

6. In view of the results obtained, the authers are optimistic that now the
problem of treatment of relapsing malaria is not as formidable as it had been
before, and they, therefore, recommend to institute such regimes wherever possible
in areas where control measures are operative as by this step not only much relief
can be given to the people who have to suffer from frequent attacks, but the risk
of transmission would be negligible due to the reduction in the carrier rates in an
arez where mosquite control measures are operative.
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ASSAY OF ANTIMALARIALS AGAINST THE SPOROGONY
CYCLY OF P GALLINACEU M.

Pare Il
RY
M. Go NARAYANDAS, sac Hons ),
AND
Ao PLRAY, mosaes,

‘Malaria Institwee o India, Delhe.
B STTITUNN O 3 N

In in earlier paper, Jaswant Singh o al. :1g53; reporied the effect of
M3449, proguanil and pyrimethamine on the sporogony cycle of P. gallinaceum
in AEdes egypti., Using the same technique, further studies were carried out with
some compounds of the 8-aminoquinoline series.

MATERIALS AND METHODS.

About 28,000 laboratory hred .ledes aegypii were used for these studies.  The
technigue of mosquito feeding on infected fowls and drug administration was
similar to that reported carlier {Jaswant Singh ef ol., 19531,

Sample dissections were carried out from -+ 5 day to 4135 day, till either
sporozoites appeared in the salivary glands or all mosquitoes had been dissected,
whichever was carlicr,

Ogpeysts in all the mosquitoes were counted and measured.  When sporo-
zoites were detected i any batch, normal fowls were infected with two mosquito
equivalent dose of sporozoites, Blood smears from these fowls were examined daily-
ihereafter till patent parasitzmia was established.

Pamaquin base, pentaquin phosphate and primagquine phosphate were tested,

As pamaguin base is not soluble in water, it was first dissolved in alechol,
fincly ground with gum acacia, then mixed with water (with § per cent glucose)
and homogenized.

‘The other compounds, being soluble in water {with 4 per cent glucose),
presented no difficaltes.  Mosquitoes were allowed {o imbibe concentrations of
drugs through pads of cotton which were changed twice daily.
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DISSECTIONS AND RESULTS.

Pamaguin.-—Gut infections were seen in all batches of mosquitoes which
were allowed to imbibe concentrations of pamaguin varying from 0.001 €0 0.7 per
vent. Details have been given in Table 1. Tn mosquitoes kept on glucose only
{comparison group} and those on 0007 per cent pamaquin-ghicose solution,
sporozoites appeared on the tenth day while those kept on o'or and o1 per cent
solutions, showed sporozoites on the wwelfth day. Normal fowls inoculated with
the sporozoites [rom all batches developed patent parasitemia between Yo and
13 days. Intensity and course of infection were similar in both experimental and
che comparison group.

Tante §.

iug and pland infectivity rate (n Fides wgypti after allowing them lo imbibe
different concentrations of pamaquin,
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* Moscquitoes of this group were first fed on infective blnod and then the drag 140 per cene
parnaquin was given for § days.

tFrom 6 davs onwards, the Hve mosquitons were fod an standard glocose solutinn.

Nore, —C3eysts which were encountersd in the giand-poshive mosgiitoes, have aot bem
vounted, measured and included in the gutpositive column.
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The mortatity anongst mosquitoes kept on 1o per ceat pamaguin solution
was extremely high, and as such few became available for dissection beyond the
sixth day after the infective feed. But by +6 day, oscysts were detectable in
this batch. One of the two moesquitoes which survived up o 10 day, showed
aacyvsts though sporozoites were detectable in the control batch at the same period.

Pentaguin.-—Infection of gut was observed from -5 day in all batches of
mosquitoes fed on concentrations of o'ooor, 0'ooi, o'or, o't and 1°0 per cent of
pentaquin.  Ietails have been shown in Table 11, The mortality rate in the
masquitoes increased as the concentration of the drug in the feeding medimn
increased.  Sporozottes were first detectable on -9 day both in the comparison
and experimental group.

Tapre 1.

Gut and gland infectivity rate in Edes agypt after allowing them to imbibe
different concentrations of pentaguin.
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Newrg, - Ohievsts which were encountered i the gland-positive wosguitnes, have not been counted,
measured and included in the gul-pagitive column.

Primaquine.—Details ol observations have been shown in Table ILL It
cleasly shows that infections of gut and gland were dctectable in  mosquitoes
throughout the period of dissection from +5 to 415 day. In none of the concen-
wrations, 0'0001, 0°001, 001, 0’1 and 1'0 {percentages}, was there any variation
in size or number of oacysts as compared to the control series, Patent parasi-
wemia was established bhetween 10 and 13 days in nermal fowls which received
inoculations of sporozoites from these mosquitoes.
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Taney ITL,

Gut and gland infectivily rate tn Ades xgypti affer allvwing them lo
imbibe differeni concentrations of primaguine.
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Noin ~Odeysts which were encountered in the gland-positive mosquitoes, have not Leen
counted, measured and included in the gut-posiiive column,

IISCLUSSION.

Phe inhibitory effect of proguanil on the sporogony cycle of 2 gallinacewmn
o L Bdes wgypis was reported by Terzian {1647} and Terzian of al. {1944). Subse-
quently these observations were confirmed by Jaswant Singh ef al. {1953) who
reported that both proguanil and pyrimethamine exerted inhibitory influence
in concentrations of oor per cent and above, With regard to pamaquin, it was
shown earlier that neither ™ plasmochin citrate > nor “ pamaquin naphthoate
was able to prevent development of oseysts or sporozoites (Terzian, 1947 ; Johnson
and Akins, 1048 ; Terzian o of., 31949). But subsequently, Terzian of af,
1951} reported that though development of ogeysts and sporozoites was un-
hampered, pamaquin has a marked toxic cffect on the latter and these were
completely destroyed depending wpen the concentration of the drug. On the
basis of this ehservation, the authors concluded that 8-aminoquinoline compeunds
arve seleciively taxic to sporozoites of P, gellinaceum in Ades egypli.
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From the results obtaimed i the agvent studics, where each series was
repeated 3 to 3 times, it was evident that the three B-aminoquinoline compounds
were toxic to thc mosquitoes in doses of 1°0 per cent and above, the toxicity being
the highest with pamaquin, Further, the mortality was proportionately higher
with 01 per cent than 001 and o.001 per cent as would be expected.  Develop-
ment of oacysts was unhampered under all the series and in all concentrations,

The size and number of odcysts in the experimental series were comparable
o those in the comparison grouaps.

In all, but one, series sporozoites appeared by the - 7 o +1o day, and the
extrinsic mcubation periods, i both experimental and the comparison group, did
not vary widelyv. With o1 and o'or per cent pamaquin naphthoate preparation,
the delay in the appearance of sporozoites in the experimental group was by twe
days as compared to the comparsson series, In the other series (pentaquin or
primaquine), sporozoites appeared at the same time in both groups.

Tn all cases, whenever sporozoites were detectable they were found to be
viable. The prepatent periods in the fowls inoculated with these sporozoites
varied between 7 and 1o davs hoth in the experimental as well as in the control
series,

In view of these observations, the authors were not able 1o support the con-
cention of ‘Verzian e al. {1951} that the drugs of the 8-aminoquinoline series were
toxic to the sporozoites. Whether concentrations above i-o per cent would be
sflective or nnt, is difficult to conjecture as such concentrations would obviously
he too toxic {0 the mosquitoes themselves.

Further, it may be memioned that while Covell t19553) has recently reported
about the eflect of proguanil and pymmﬁthammﬁ against the sporogony cycle,
that of the 8-aminoquinolines was not indicated in this Table,

SUMMARY,

The presene paper describes the effect of different concentrations of penta-
quin and pamaquin and primagquise (S-aminoguinolines) on the sporogony cycle
of P, gallinacenm in the body of the mosquito .Kdes agypii.
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SUMMARY REVIEW ON THE SINGLE DOSE TREATMENT
WITH ANTIMALARIALS.

BY
PN, GUPTAL
i Malariologist, Station Hygrene Organizaiton, Ramgaih Canil.}

Jubier BI04,

THE progress in chemotherapy of malaria during the last decade has been
immense.  As a result of this and due to very eflective insecticides, malaria has
vanished from some countries and has been greatly reduced in others,

The newer synthetic antimalarials which werc discovered during recent
vears are proguanil (paludrine), chloroquine, resochin (avalon, nivaquine, avloclor),
amodiaquin {camoquin, cam-agi} and pyrimethamine (daraprim)}.

Tnitially most of these drugs were recommended to be administered in
repeated doses Jasting from 3 to 1o days as is done with guinine or mepacrine.
Subsequently some workers carried ont studies on the effectiveness of the single
dose treatment. .

Proguanil.—Single doses of 100 mg. and 300 mg. have been tried in India
by Afridi et al. (1g47) and Chaudhuri {19484). Relief of clinical symptoms after
treatment with 100 mg. was attained in 55 to 72 per cent of cases within a period
of 72 hours in respect of P. vivax while it was found 1o be about 75 per cent in P,
Jfalsiparum infection. During the same period, parasitc clearance was observed in
35 to 81 per cent of cases in P, vivax or P. falciperum infection. The rate was
observed to e somewhat faster with 300 mg., but as in most cases recrudescence
accurred within 7 to 10 davs, the single dose regime did not prove ultimately of
much value.

Chloroquine.—The dosage range tried was from 250 to 1500 mg. While the
range of 1500 mg. proved effective in relieving clinical symptoms due to P. vizax
and P, falciparum within 24 and 48 hours, respectively, adverse side symptoms were
invariably encountered {Chaudhori, 19488). At the other extreme when 250 mg.
was used, although most of the cases rcacted well there were two cases of P
Jaleiparm which did not respond to the drug (Goodwin, 1952). On the other hand,
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doses of gou 1o 600 mg. were found {0 De quite satisfactory { Jaswant Singh, Ray
and Misra, 1933 ; Bruce Chwatt, 1950). Jaswant Singh, Ray and Misra (foc.
it} commented that the best results could be attained in 6oo mg. dosage.

Amodiaquin.—3t has been tried in 250 mg. to 6oo mg. dosage. Simeons
and Chhatre {1947) observed that while 250 myg. had comparatively slow action,
a single dose of 10 mg. /kg. was most effective.  Reliel of clinical symptoms was
antained within 12 to 36 hours in most cases, and within 48 hours in 100 per cent
of cases,  Stmilar observations were reported by Jaswant Singh, Ray and Misra
Joe. iy, Relapses occurred in fewer cases and at longer intervals {Chaudhuri
¢ af., 1948 ; Jaswant Singh, Ray and Misra, lec. cil.),

Pwrimethamine.~—The drug has been Lried by most workers in 20, 25 or 50 mg.
single dose {Jaswant Singh, Ray, Basu and Misra, 1952 ; jaswant Singh, Ray,
Misra and Basu, 1952 ; Field o al, 1952 : Gilroy ,t1952 ; Hay Arthur, 1952 and
srivistava o al., 1953).  Some workers like Chaudhuri {1953) and Laha, Singhal
and Navani {1953) have also. tried doses ranging from 25 to 100 mg.

From these studies it is evident that in maost cases of P, wivax and P, jaloi-
parhne, clearanee of parasites and reliel of elinical symptoms are attained within
7z to go hours. However, a Jew cases of P, vivex and a larger number of P,
raleiparum cases either proved refractory or recrudescence occurred early. A dose
o 75 0 roo mg. did not accelerate the speed of action ; on the contrary adverse
side symptoms were often encountered,

From the above data, it would be clearly cvident that action of proguanil
angd pyrimethamine under the single dosage regimes was not only slow but in
urany cases unrellable.  Recrudescence occurred too soon and ton frequently
e many cases.  On the other hand, both amodiaquin and chloroguine proved
highly satisfactory in 500 to 600 mg. dosage. Relief of clinical symptoms was
attained quickly and relapses were few and far between.

In view of these, Chaudhuri {1953} and jaswant Singh, Ray and Misra
Aue. iy have rightly observed that these drugs are ideal under Indian rural
conditions.
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WING GRADE COMPOSITION AS AN INDEX FOR JUDGING
THE EFFECTIVENESS OF RESIDUAL TOXICITY OF
INSECTICIDE DEPOSITS.*

By
BHOMBORLE,
Neobe SITARAMAN
AND
K. S NANJUNDLAH.
cMalarie Investigution Genive, Saflespur, Mpswe Shate.;
Marcir HR, P

Pricvarksee of malaria moan weea is dependent upon 4 number of factors
such as the presepce of adequate number of gametocyte carricrs, suitable climatic
vonditions for the development of parasite in the mosquito, critical density and
the longewity of hife of the vector species.  Of these, longevity of mosquitoes is of
the highest importance.  Unless mosquitoes five long enough for the malaria
narasite to develop to the sporozoite stage, they will not be able to transmit the

disease, Vector species must Bve at least nine to ten days after taking an infected
teed to be able to hecome infective.

Large scale malaria control with residual insecticides is based on the
principle of interception to transmission.  'The span of life of mosquitoes is reduced
below ten days so that they are unable to become infective.  D.D.T. as residual
insecucide heing used for control of malaria applied on the walls, loses its toxicity
aler sometime and has (o be applied again hefore its toxic effect is completely
worn off. The duration of the residual toxicity seems to vary in different parts
of India and has very often to be determined so as to repeat the application after
the first application wears off. There is no doubt that chemical estimation of
D.D.T. on the wall gives some idea about the amount of 11.ID.T. present, but it is

*#The studics reported. in this paper were conductel h%) the Buraa.u of M-Llarmiugy Dcpartmcnt of
Pubilie Health, Governsient of Mysors, in colfaboration with the Division of Medicine and Public Health
of The Rockefelier Foundation.
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weil known that it losesits efliciency biologically much carlier than its disappearance
vhemically. The steady build-up of mosquite population would alse indicate
that the insecticide is beginning to lose its potency. The mosquite density is ordi-
narily studied by either leaving a few separate villages unsprayed for comparison or
by leaving a few houses unireated by the side of treated houses,  Age composition
studies of anopheline populations collecied in sprayed or unsprayed houses would,
therefore, serve as an important guide in judging the waning of the residual effects
of the insecticide,

In studying the effect of limewash on the residual activity of D.IDVT. in an
irrigated village in Mysore State {Bhombore et al., 1954), a few houses were left
uusprayed. In order to study whether D.D.T. spraying in the adjoining houses
wounld scrve as a barrier for the influx of mosquitoes into these wunspraved
houses, entomological data were collected separately for the sprayed and un-
sprayed houses. Immediately afier spraying, the mosquito density in sprayed
houses dropped down to zero, whereas in the unsprayed houses a certain number
still remained. It was considered desirable to determine the age composition
nf the anopheline populations in these unsprayed houses with a view 1o compare
them with those in the untreated comparison villages.

AREA OF STUDIES,

Two villages, Anegola and Goodehosahalli, selected for these  studies,
coinprised a few unsprayed houses in the midst of sprayed houses, These viliages
He on the Mysore-Channarayapatna Road, in Kikkert Hobli, Krishnarajapet
Taluk, Mandya District, They arc a part of the series of irrigated villages, fed
by the North Ramadevara Ghannel of the Hemavathi River. The irrigation
~season in the aren commences from Junc and extends to subsequent January, the
main cultivated crops being paddy and sugarcane. The average annual rainfall
or the past ten years in the area is 28 inches 45 cents.  'The people are typical
agriculturists and their economic condition is poor. The houses are all mixed
Awellings, with mudwalls {plastered or unplastered), country-tile roofing, poorly
dghted and ill-ventilated except (or a central opening in the inner courtyard.

The two comparison villages, which were left unsprayed, were Kattehosahalli
and Marasettihalli, about five miles distant from Anegola am! Guodehosahalli.
1’he unsprayed villages also lie in the irrigated area and are identical in all respects
with the study villages.

MATERIALS AND TECHNIQLUE,

Special daytime anopheline collections were carried out once a month in
tiw: sprayed and unsprayed houses in the treated villages and also in the com-
parison unsprayed villages,  Perry’s criteria for evaluating the probable age of
the adult anophelines from their external appearance (Perry, 1g:12), Christophers’
stages. of ovarian development (Christophers, 1911) and Viswanathan's classifica-
tton of the degrees of ingestion and assimilation of bloed (Viswanathan and Rao,
1943} were followed in describing the status of each anopheline female.
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The mosquitces collected were arranged in groups based on Perry’s wing
condition, on Christophers’ stages of ovarian follicular development, and on the
vondition of the abdomen in respect of the gonotrophic cvcle.

The mosquitoes were first cxamined wnder a  dissecting  microscope,
identified and conditions of wing and abdomen noted.  They were then dissected
in saline and the stages of ovaries development recorded. Tor each specimen,
all three sets of observations were recorded.  Mosquitoes were brought in Barraud
cages, examined and dissected within two hours of collection.  Observations in
hoth sets of villages were carried oul on the same day.

RESULTS AN ANALYSIS OF DATA,

The nuwmber of mosquitoes in cach stage of the threc types of classification
was reduced to percentages of the total population collected in the villages.
When the data were analyzed, it was found that the thiee types of classifications
could not be correlated to give a common basis for deducing the age of the
mosquito. Tach of the methods presented some limitations. The wear and
tear of the wing depends to a certain extent on weather and temperature.
Similarly, ovarian development and the condition ol the abdomen depend upen
temperature but the number of feeds taken or the number of gonotrophic cycles
updergone, is not known. It was evident, therefore, that these criteria tended
to discriminate between individual mosquitoes at the same time and place.
Taking all the factors into consideration, in spite of its Imitations, Perry’s classi~
fication can be followed to arrive, to u certain extent, at the probable age of the
HIUSGUILO,

Two series of observations were carried out during these studies, one series
from December 1951 to March 1952 and the other from August to October 1g52.
Resuhs are summarized in Table 1, and Chart 1 represents these graphically.

TasLe L
Ape compesition siudies.
Per cent populapon according to wing-grades.
LiNsegAYED HOUSES IN SPRAYED

VILLAGES, P LINSPRAYEDF COMPARISON VIELAGES.
Months, i’cr_{,;:;xr——;;m_p;l;n;;m_h__M‘T—_“ i’er—::::m population.
December, 1951 U4 588
January, 1932 4°8 | 784 | ‘;
Vebruary, 1932 Cazea o 2840
March, 1952 'R ¢ #0-4
August, 1052 e TR
Soptember, 1952 § 432 | 232
Ociober, 1032} 440 32:0 D555 L 345 ] 0-0
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From a study of ‘Table I, it is evident that the age compesition of the
anopheline population in unsprayed houses in treated villagas is very similar to that
i untreated comparison villages,

DISCGUSSION,

tn sprayed houses, collections during the period of study were either negative
s negligible,  The low density of mosquitoes in these houses and the fact that the
few specimens collected were erther in W, or W, condition, would seem to indicate
the persistence of the toxicity of the residual film.  Since no mosquitoes showing
W, or W, condition were encountered, it is possible that the young mesquitoes,
entering the treated houses, pick up the insecticide, get knocked down and are
mcapable of further developmens. The presence of anophelines in the unsprayed
houses amidst sprayed ones and the fact that the composition of the age-groups
is about the same as lound in the collections from unsprayed comparison villages,
would indicate the inadvisability of leaving even a single house unsprayed in an
otherwise sprayed village and the possibility of having a comparison area in o
sprayed village itself, instead of having one far off.

During December, January, August, September and October, when the
irrigation scason was in progress and there was a continuous supply of water in
+he canals, conditions were very favourable for breeding and a large proportion
of the mosquito population, both in the unsprayed houses amidst sprayed houses
and in the wnsprayed comparison villages, consisted of voung ones. During
¥ebruary and March, when the irrigation season was at an end and there was a
fail in opportunities for continuous breeding, older mosquitoes predominated.

WING INDEX.

As o consequent of these studies on the age composition of anopheline
populations in sprayed and unsprayed villages, the following scheme scems to
give some help in judging the eftective residual toxicity of insecticidal deposits in
the field.

Mosquitoes collecied from a village are first wrranged in gronps according
o Perry’s wing grades. These groups arc then reduced to a single figure by
weighing, as in the method for calculating average enlarged spleen figures.
‘Thus the number of individual in Wing Group I (youngest mosquitoes) is retained
as it is, but that in Wing Group IT is multiphied by that [factor, 3-condition
mosquitoes by three and 4-condition mosquitoes by four {oldest mosquiroes}.
‘'hese products are added up and divided by the total number of anophelines
caught in each village, yielding the ©* Wing Index” ifor that village, If the
insecticidal deposit is active, the © Wing Index ™ in that village will be low {there
is a shift to the left), for older mosquitoes will have had increasing opportunities
for achieving lethal contact with the insecticides.  As the insecticide begins to
lose its potency, the * Wing Index” will rise {there is a sh¥ft to the rightl.
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Seasonal Huctuations i the natural age-compasition ui' anopheline popula-
tions of the region need not be a hindrance te the use of ** Wing Index " as a
means of appraising residual toxicity of insecticides H cither of the following
eircumstances can be achieved

{({ The presence of unspmycd villages for comparative purposes ; or

.11} The presence of villages sprayed at different times, so that deposits in

some  villages are appreciably older than in others,

During these studies, two sets of ‘observations were careied out, selecting
two treated villages with a few unsprayed houses and (wo entirely unsprayed
villages. The wing-grade findings in the sprayed houses in a mreated village were
uil, no anophchneh being encountered. The * Wing Index ™ was therefore oo.
The average ' Wing Index ™ in unsprayed houses in a treated village was 22 in
one instance and 271 in the other. Thesc indices compared favourably with those
for the untreated comparison villages, viz., 2°4 in both observations (Table II).

SUMMARY,

t. A study of the age composition of anopheling pnpuldtlom, ustng wing-
condition as the criterion, showed that the age-composition of mosquitoes in
unsprayed houses amidst sprayed houses in @ sprayed village was similar to that
in the unsprayed comparison villages.

2. The possibility of having a comparison area in a sprayed village itsefl
is imdicated, by leaving some houses untreated.

3. The importance of spraving every house in a village i malaria control
programmes, 15 revealed.

4- The " Wing Index ™ is proposed as a simple entomological method for
judging the effective residual activity of insecticidal deposits in the field.
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STUDIES ON NURI STRAIN OF £ ENVOWLESI
ML Morphology and transmission.
RY

Lr-Covonel. JASWANT SINGH, s, chos(Edin.}, oen(Eng),
e, & w{London},

Lo PONAIR, povs CMadras), suem, { Johns Hopkins)
AND
A 1URAY, mopns,
{Malaria Institute gf India, Delhi.)
¢ June 28, 1954, )

Mixkp plasmodial infections are known to occur in nawure in oriental
monkeys, M. trus, the crab eating monkey of Malaya and Burma (Sinton, 1934).
Simton and Mulligan {1yg2) isolated a pure strain of P. knowlest from this species
of monkey by inoculating the infected blood into brown monkey of Northern
india, S. rhesus {Macaca mulatte mufatta) and serially subpassaging thereafter,
This strain on account of its great pathogenicity to 3. rhesus monkey, formed a
vattuable material for various researches in India as well as in other parts of the
world.  In recent years, this strain maintained at the Malaria Institute of India,
was found to be losing its virulence gradually {Jaswant Singh ef al., 1949 : 1950).
Attempts to procure the strain from other research centres outside India did not
meet with any success, With a view to isolating a virnlent strain again, a specimen
of the blood from an infected Malayan monkey, received through the courtesy
of Dr. Fdison, Institute for Medical Research, Malaya, was injected into rhesus
monkeys in 1951 but only P. gnomelyi and P. inni could be isolated Jaswant Singh
¢ al., 1951}, Another attempt was made in early 1953 by Dr. Edison who
inoculated the blood of an infected Kra monkey (M. irus) into young S. rhesus
monkeys sent for this purpose by the Malaria Institute of India. The infection
caused in these monkeys was very heavy and resembled P. knowlest infection. So
samples of blood, obtained from two of these 5. rhesus monkeys (Malaria Institute
of India Monkeys 3052 and 3056). were flown to Delhi and since then the strain
has been maintained in the Institute at Dethi.  The Kra monkey from which this
new strain was isolated was obiained from Nuri Valley, near Tampin and hence

15 )
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the strain is named, as desired by Dr. Edison (Edison, 7953) as Nuri strain of
P, knowlest { Jaswant Singh, el al., 1953 ; Edison and Davey, 1953} In this paper,
an account is given of the morphological features and the results of the preliminary
srials on the transmission of this new strain of P, knowlest {Nuri stramn}.

METHODS AND MATERIAL.

Apart (rom the study made inmore than 200 rhesus mankeys inoculated for
the purpose of maintaining the strain, detailed investigation was made in four
additienal monkeys, two inoculated soon afler receiving the sirain and the other
two four months after that date, by which time the strain had already been serially
passaged 35 times in quick succession,

Weight of the monkeys used for the present study ranged from 25 to 5 kg.
body weight. They were all inoculated intravenowsly with five million para-
sitized erythrocytes per kg, body weight from donors showing very heavy infection,

Throughout the vourse of infection, blood smears were collected at 8 a.m.
and 5 p.m. daily from most of the monkeys and in four at threc-hourly
mtervals,

The stain used in all the cases was J.5.B. { Jaswant Singh and Bhattacharji,
i44). The stages of the parasites enumerated in thin films were categorised
under seven headings; {r) rings, {2} early trophozvitcs (trophozoites Stage 1),
3} medium sized trophozoites (Stage Il aophozoites), (4) fully grown trophe-
zottes {Stage 11 trophozoites), (5) early schizonts with less than five chromatin
particles {Stage [ schizonts}, () grown up schizonts with five or more chromatin
divisions including the fully matured oncs, and (7) gametocytes,

The methods adopted for the transmission experimvents werc similar to that
described hy Jaswant Singh «f aofl., {1950). A. anmuleris mosquitoes were bred
from larvae collected in the field in the neighbourhood of Delhi and A. stephenst
from the colony maintained at the Institute. Overnight starved mosquitoes were
ted the following day on monkeys showing gametocytes in peripheral blood., Fully
ied ones were sorted out and kept in Barraud cages and maintained on glucose
and raisin til used for dissection.

MORPHOLOGY.

Host eell —Host cell is not usually enlarged but some smears of the first few
seriaily subpassaged monkeys occasionally showed slight enlargement and the same
was not, however, confined to any purticular stage of the parasite (Plate VIIi,
Figs. 1g, 20, 22, 23 and 31). Parasites generally invade mature cells hut during
:he peak period of parasitemia, even some of the immature red blood corpuscies,
such as those with cabbot’s ring and Dbasophilic stippling, are invaded (Plate
VIIL, Figs. 33 and 34).

The parasites have a remarkable property of altering the shape of the host
cebls.  This occurred mostly in the form of irregular crenation (Plate VIII,
¥igs, 37 to 42) and was more evident during the ring and trophozoite stages than
inn the schizont stage. From Table 1, it can be seen that 2 1o 40 per cent of rings,
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3 to 57 of trophozoites and “ero (o 4o of schizonts had this change n the host cell
on the fourth day of infection.

Other distortions of the host cell included oval or pear or triangular or
anguiar shape and fimbriated ends {Plate VIII, Figs. 20, 25 to 30). All these
distortions combined, formed only a small perceatage (less than 1 to 16 per cent)
of the infected cells, In some smears, these distortions were practically absent
or required a search of many parasites hefore they could be observed.

Many smears stained with [.5.8. stain showed stippling of the inlected cells.
These were not confined to older parasites but appeared also wn young traphozoites,
‘They resemble sometimes Maurer’s dots {Plate VII, Fig. 17 ; Plate VIII, Fig. 37) ;
vecasionally Schuffner’s doits (Plate VII, Fig. 1g; Plate VI, PFig. 3¢}, Morc
often, the stippling appeared different to cither Maurer’s or Schuflner’s dots,
being irrcgular in distribution and size and varying in numbers and intensity of
staining (faint to pink or even red) (Plate VII, Figs. 20, 21 and 30 and Plate
VI, Figs. 21, 23, 24, 28, 20, 32, 35 and 36).

STAGES.

Rings.—Rings exhibited various {features comparable o P, falcparum.
They have heen classified for convenienve into three categories, (i) carly fine
hair like rings, occupying about t/5 to 1f6th of the red blood cell, (2} slighy
grown-up forms measuring 1/4th to 1/grd the RB.C. {upio six hours growth)
with the thickening of the cytoplasm opposite (o the chromatin, (3} still older forms,
upto 11 hours growth {Plate VII, Figs. 13 and 14), occupying about 1/3rd to 1/ond
the area of the infected red blood corpuscle and containing dense solid cytoplasm.
Sometimes this stage tesembles rings with tail like processes,

Chromatin appears in different forms,  Usually it is cither round or oval
ur dot-like (Plate V11, Figs. 5 and 6). Quite often 1t takes a rod-like or an
clongated appearance (Plate VII, Figs. 2, g and 4). The percentages of the
different stages of the parasite showing morphologscal variations ave given in
Table I. From that it will De seen that ¥ to 17 per cent of the rings had this
clongated chromatin. Many rings contained two chromatin particles (1 to
17 per cent). These dots, when present, were located either side by side or at
opposite poles of the ving (Plate VI, Figs. 8 and ).  Prescnce of accessory chroma-
tin dots during ring stage is another characteristic feature (Plate VII, Figs. 5 and
10}, The situation of these accessary chromatin dots varied and was found some-
times on the cytoplasimic ring and at other times cither in the centre of the ring
wr adjacent to the cytoplasm.  One 1o 20 per cent of the rings counted contained
the accessory chromatin dot {Table ). On rare occassions, two accessory chrama-
tin dots in one ring, in addition to the usual single chromatin (0°8 per cent in one
instance), or one accessory chromatin dot and two normal chroniatin particles in
the same ring, were also recorded. The classical bird’s eye form (Plate VII,
Fig. 1) with the chromatin in the centre, were quite common and the same
occurred in 2 to 28 per cent of the rings counted.  Regarding the position of the
ring in the R.B.(., the applique or accole forms formed zero to nine per cont of
the total (Tabie I). Of these the applique forms were more often observed than
the accole forms.



Studies on Nuri Strain of P. knowlesi.

EXPLANATION OF PLATE VIL,

Birdls ¢ye form.,
Rings with rod-fike or elongated chiromatin.
Signet ring appearance of the parasite with accessory chrueain chn.
Ring with oval shaped chromatin.
Four rings in one: R.B.C.
Rings with double chromatin.
‘Two rings, one with ap apcessory chromatin dot in a bhost cell
Three rings in one R.B.C,
12 Two rings in onc R.B.C.
13-4  Harly [Stage I) wrophozoites.
i3-21 Medium sized (Stage IT trophozoites).
{17y Host eell with suppling.,
{18 Two trophozoites in one R.B.C.
i4921) Two trophozoites in one R.B.C, showing stippling.
(207 Three 1rophozoites in one R.B.C, showing stippling.
2228 Yully develoned trophozoites,
24-35 Early schizonts.
{(30]  R.B.C. shows stippling.
342 Fully developed schizonts.
43, 44, 46 and 48 Female gametocytes.
45, 47 and 49 Male gametocytes.

EXPLANATION OF PLATYE VIIL

1
£

-—-‘.-?1--1¢-:..1|.'....
=

1-6 Trophozoiles with prominond vacuolo.
7-12 Band forms.
13,16 w18  Amehaid lrophazoiics,
14-15  Advanced rings with web like structare of cytoplasm.
i%and 22 Early sehizonts showing enlarged host eeil.
20 Gametocyte in an enlarged angular shaped host ccli.
21 Early schizont in R.R.CL showing stipphing.
K] Two trophozeites in an enlarged host cetl stppling.
24 Two trephozoites in a coll showing heavy stippling.
25-30 Oval or pear shaped or Finbriated host cell,
[28-24)  Host ceils with stippling.
31 Enlargement of R.B.G. and heavy stippling curing ring stage.
42 Farly schizont in an oval shaped cell showing stippling.
34-34 Rings in immamre R.B.G,
35 Early trophoznite showing heavy stippling of K.B.CL
34 Two rings in one R.B.C, showing heavy stappling.
37-42 Host cells showing irregular crenation,
{47 Stippling of host cell,
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Multiple infection was a very comanon featurc. T'wo rings o onc el
Prate VII, Figs. 1o and 12} were encountered quite often and were numerous
on the fourth and fifth days of infection, when its density reached 20 to 27 per
rent of the rings counted. Infection of cells with three rings (Plate VIT, Fig. 11)
though pot so high during the initial stages, reached a high figure of 24 per cent
in some ol the smears studied on the fifth day. - Infection with four rings (Plate
V11, Fig. 7) was seldom scen during the first four days but it suddenly appeared
upto a density of four to five per cent on the filth day.

Trophozottes, — Vrophozoites of medium growth ({15 to 15 hours} i.e., Stage
11 trophozoites occupy about t/2 to 2/3rd of the R.B.C. and arc round or oval
or clongated, with an almost regular margin {Plate VH, Figs. 15-21). The
syloplasm is dense and stains deeply.  Viacuele is present in almost all cases and
is uniformly small {Plate VIT, Figs. 15 to 21},

Fully grown trophozoites {Stage 111 trophozoites 15 t 18 hours) vccupy
aboui 3/4th or more of the infected cell {(Plate VII, Figs. 22-08), They are
solid looking decply stained parasites with a regular round or oval or almost
clongated shape. No vacuole is scen at thiy stage. The chromatin 1s located
generally towards the margin.

Double and triple infection {Plate VI Figs. 18, tg and 21} steadily in-
cecased with the successive cycles until on the fourth or fifth day of the infection,
celis with two and three parasites appeared in 3 to 44, and up to 14 per cent,
respectively, of the total Stages 1T and 11 trophezoites combined (Table I},

Sechi zonts—Schizont stage starts with the division ol the chromatin when
the parasite grows to 3/4th the ccll or even more {18-21 hours). The cytoplasm
4t this gtage is dense and deeply stained {Plate VII, Figs. 29-35).

In fully devclopcd schizonts {21-24 hours), four to sixteen merozoiles are
formed {average ten). The parasite occupics the whole of the normal sized R.B.C.
‘Plate VI, Figs, 36-42). lhc merozoites are arranged in an irregular or rosette
form.

Sexual forms.—-Sexual forms {Plate VIL, Figs. 43-49} are round and occupy
the whole cell. The differences hetween male and female are just the same
as wiath other species.  In female, the chromatin s deeply stained, appears com-
sacl and wsually situated eacen[ma!]\a The cytoplasm s deeply stained. In
raales, the chromatin is diffuse and tf(:nera[iy located in the centre, The cytoplasm
i very often light pink or light hlue,

Pigments.—Pigments appeared carly in the growth ol the parasite. Tn the
shghtly grown-up rings, cytoplasm appcarcd slightly granclar at times suggesting
the prescnce of very fine pigment dust and in the early trophozoite stage, this
pigment dust appeared brownish and could be made out clearly. Thring Stage
{1 and Stage I11 trophozoites and early schizonts, they were found scattered over
ihe cytoplasm, becoming coarse and prominent with the advance in growth and
appearing darkish brown or darkish green or greenish brown. Wien schizont
15 fully matured, pigments appear aggregated into one or two loose or dense clumps
or in the form of one or two masses within the parasite.  On rare vceasions, more
than two and even upto six such small masses were seen in one schizont. The
colour of the pigment varied and as such appeared black 10 some and dark-brown
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ar greenish-brown i athers.  The pigments in hoth male and femade parasites
ave scastered rregularty and appear as coarse dark or almost black or dark-brown
srarnules,

Abnormalities. ~-Occasionally about 20 w0 30 per cent of the trophozoites
appeared like fenue forms {Stephen, rgi14). During the earlier studies, it was
not unusual 1o find in some smears the cytoplasm of parasites during early stages
‘advanced stage of ring of Stage T trophozoites) having a web like structure with
one or more chromatin dots located either in the centre of the web or along the
srands of cytoplasm (Plate VT, Figs. 14 and 15).

Ring stages of the parasite appeared sometimes as band forms from the
very first day of infection hut their prevalence was masimum on the fourth day
when this amounted to less than one to a maximum of 23 per cent.

Ocecurrence of band forms (Plate VIIT, Figs, 7-12) during the trophozoite
stage ‘Stages IT and T1I) was a very characteristic leature. Here again these
numbers steadily increased with the advance of infection and finally reached a
figure ranging from one to 6o per cent of the total of these two stages studied on
the fast twe days,

I the earlicr subpassages, a lew variations such as prominent vacuole (Plate
VI, Figs. 1 to 6) and amoebidicity of the cytoplasm {Plate VIIL, Fig .13, and
it 1o 18} were observed which in the sabsequent studies were alinost absent.

In addition to the few abnormalities already mentioned, the following two
features were also observed during the carlier part of the study : {a) presence of
stlpphng like Schuffner’s dots and amechoidicity of the parasite in an unenlarged
cedl, (B} stippling like Schuffner’s dots and amcebeidicity in enlarged cells, resem-
ahn*-‘r almost P. cynomelgi. The percentage of these forms was, however, extremely
Tow and hevond easy detection unless many fields or the whole smear was examined,

FRANSMISSION THROUGH INSECT HOST,

Y the course of the trapsmisston experiments, 220 . amulerss and 281 A4,
slephensi were disseeted, out of which oscysts and sporozoites were delected in three
4. annularis in one batch which were subsequently confirmed by staining,

DISCUSSION.

Bui for a few variations, the morphology of the Nuri strain of P, fnowlest
is very similar 1o that described by Sinfon and Mulligan 1933},

Mulligun {1g35) noticed striking abnormalities such as oval, pear shaped
fimbriated, triangular or irregularly crenated forms in many of the infected red
cells with the old strain,  In the absence of the data regarding the refative pro-
portions of these different distortions, it is nnt possible to compare exactly these
with the ones met with in the present studies, but one point appeared apparent that
ajl such distortions, except the jrregularly crenated omes, are present only in a
minor degree in the new (Nurt) strain {Table 1),

One of the remarkable feaiures in the morphology of Nuri strain of P,
knowlest s the frequent presence of stippling in the infected cells.  This may,
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perhaps, be due to the stain itsell” as stipplings have been recorded in other
plasmodia. Ramakrishnan and Satya Prakash (1950) observed that in P, bergher,
stippling appeared to a great extent in smears stained with [.5.B. than with Geimsa.
This was also reported by Jaswant Singh ef al. (1950) in the non-virulent strain
ol P. knowlest. Mulligan {1935} found stipplings in schizonts and Fuliy devclopcd
trophozaites of P. knowlesi, only when stained with a special stain {in  panoptic’
film)} and not with Geimsa,

Regarding the morphology of the original strain, Brug (1934} observed
that nuclel of the young parasites were usually survounded by a clear, wholly
unstained halo. He also noted that crythrocytes with basophilic dots showed an
mereased incidence of infection as well as an increased degree of infection. These
two featurcs were not, however, made out in the studies with the present strain,

f\t‘cmdlng to Mulligan (1935}, pigments in fully developed schizonts {in
the previous strain) consisted of one or two dark-brown or almost black masses.
It is a well-known fact that the appcarance of pigments vary considerably with
the type of illumination, intensity of staining and the magpification employed.
Though it is difficult tojudgc: to what extent those factors would have influenced
the present study, it was observed that in the Nuri strain, the pigments in fully
developed schizonts appeared either black or dark-brewn. In reflected light,
they even appeared at times dark-green or greenish-brown. Moreover instead of
always being in dense masses as described by Mulhigan (1933), they also appeared
aggregated into one or two loose or dense clumps.  On occasions, more than two
such masses or clumps were visible in one schizont and this happened even in
wases where there was not even a far remote chance of two or more parasites occupy-
ing one cell.

Tenue forms and band forms not included in the description given by Sinton
and Mulligan {1932 : 1933), were important features of the present strain.
However, band forms were reported carlier by Brug (1934).

Brug (1g34) differentiated P. knowlesi typicus strain from F. knowlesi var,
wntoni strain, on account of the fact that the latter strain showed frequent presence
af rud-shdpcd pigments in the large parasites, rare occurrence of distorted and
fimbriated infected R.B.C.. and regular occurrence of red vim and red septa in
wultinucleated schizonts.

From the few dissimilarities already enumerated in the forgoing paragraphs,
1t wonld appear that “ Nuri  strain is not identical with either P. &nowlest typicus
ar 1% knewlesi var. sintoni, and hence it is considered dasirable to differentiate it
by its scparate name (Nuri strain) as first suggested by Dr. Edison.

M

Some smears of the monkeys, during the first few serial passages of the
strain, showed a few parasites with morphological variations almost resembling
P. gynomolgi but such abnormalities were not detected after the subsequent serial
passages. It may be recalled in this connection that two monkeys were studied in
detail during the second serial passage in the strain maintenance series {alter
vecetving the strain initially from Dr. Edison), and the other two during the 35th
serial passage. This indicates that the natural vertebrate host {the * kra*” monkey),
i all probability, harboured at the time of inoculating its blood into the rhesns
wenkey, a mixed plasmodial infection, probably of P. knowlesi aud P. cpromolgi,
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but duc to the extreme virulence and rapid multiplication of the former in the
rhesus monkeys, P. cymomolgi eventuaily got rapidly filtered out, resulting thus in
the isolation of the present pure strain of P, knowlest (Nuri}.

In view of the rapidly growing infection with P. knswlesi and its severity,
the rhesus monkeys die long before mature gametocytes are {ound in fair numbers
in the peripheral circulation. This may perhaps be the reason why sporogony
cycle could not be completed by certain workers like Mulligan and Knowles
‘quoted by Russell, 1942) ; Russell ¢ al. {1946} ; Mohan (1949) and Russelt and
Mohan (quoted by Mohan, r949). However, Mulligan (1g35) observed complete
sporogony cycle in a few specimens of 4. annularis out of many hundreds of
mosquitoes of various species that were tried. During the present studies with
Nuri strain, the authors were able to detect escysts and sporozoites in only three
out of 220 4. annularis and none in A. stephensi.  But recently, Hawking and
Mellanby (1g53) had fair degree of success in this regpect by using a special technique
mvolving the administration of para-amino-benzoic acid to monkeys kept on a
milk diet.

SUMMARY.

. Morphology of Nuri strain of P, &rowlesi  was studied m more than
200 S.rhesns monkeys.

2. But for the exception of a few variations which are described in detail,
the morphology of the parasites is aimeost identical with those described by Sinton
and Mulligan {1g932), Mulligan (1933) and Brug {1934} with regard to the
previous virulent strain of P. knowles:.

2. Strain differcnce between the Nurd strain and the other previous strains
are discussed,

4. There was some indication of the existence of a mixed infection in the
firse tew serially subpassaged monkeys but subsequent repeated transter from
monkey to monkey, has resulted in the isolation of a pure strain.
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STUDIES ON NURIT STRAIN OF 7, KNOWILES].
IV. Periodicity.
BY

ta-Ooronel JASWANT SINGH, s, choe{Bdi), noean(Bng),
v & af{london),

O P0NATR, oo [Madras), seed. (Johns Hopking
ANLY
AP0 RAY, s

‘Malaria Institute of Indie, Delbi.}
{ Juiy 20, 1954,

A New strain of P knowles {(Nuri strain), highly pathogenic, to M., mudalta
mufatin of Northern India, was recently isolated ({ Jaswant Singh, Ray and Nair,
1953 ;3 Edison and Davey, 1953).  Morphological characters and transmission with
tinls strain have recently been reported by Jaswant Singh ef 4/, {1954). The present
paper records ohservations on the periodicity of this Plasmadium.

MATERIAL AND METHODS,

(f the four monkeys utlized to determine the periodicity, three {Monkeys
3111, 4688 and g4010) were inoculated intravenocusly with five million parsitized
arythrocytes per kg, body weight, while the fourth (Monkey 3160) received a dose
of fifty mollion parasites per kg. body weight,

Blood smears were taken at intervals of one, two, three and lour hours from
Monkeys 4010, 3988, 3160 and 4111 respectively, from the tme of inoculation
till death of the animals, except in the case of Monkey 4010 from which smears
were collected only for 48 hours commencing from the third day of patent infection.

J.5.B. stain was used in all cases, Parasites were classified and enu-
merated under seven different stages, namely, (1) rings, (2) carly trophozoites
‘Stage T, {3) medium sized trophozoites (Stage [1), (4) fully grown trophovoites
iStage H1), (5) early schizonts with less than five chromatin divisions (Stage I},
6} grown up schizonts with five or more chromatin divisions including the fally

1%
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matured ones, and {7) gametocytes. Total parasite counts were determined in
terms of percentages of red blood carpuscles infected. Likewise counts of the
different stages of the parasite wcre expressed as percentages of fotal parasites.
Fhelich’s eyepiece adjusted to count about roo red blood corpuscles was used in
the counts.  When infection was very heavy, the eyepiece was adjusted to include
25 red -blood corpuscles. In early stages of the infection when only few parasites
could be detected in the thin films, the whole smear was scarched. Later, from
the time infections became moderate, at least a minimum of 10,000 red blood
corpusiles were counted to determine the perceatage of cell infection. For
differential parasite counts, at least a hundred parasites were examined.

When schizonts were present in fahly large numbers, at least a hundred were
counted, but if they were scanty in number, a large area of the thick film was
examined.

OBSERVATIONS.

The parasitized R.B.Cls. were seen in peripheral circulation on the same day
of inoculation but proportionately in larger numbers in Monkey 3:60 which had
received an inoculum of fifty million parasites.

‘The total parasite counts of the four monkeys (Charts 2, 4, 6 and 8) indicate
daily acute rise, followed by decline in parasite density, finally resulting in sudden
icrease in parasitemia by fifth or sixth day, when cell infection reached about 98
per ceni. At this stage, taking into consideration the muliiple infection so common
in this species, all the monkeys died, with an overall parasitemia of about 143
per 100 R.B.Cs.

The course of events in the asexual cycle of the four monkeys are given in
Charts 1 to g.  Daily peaks within 24 hours in total parasite counts, are evident,
A similarity in the curves of the differential parasite counts at different stages can
be traced in all the four experiments {Charts 1, 3, 5 and 7). Period taken for the
completion of asexual cycle as calculated from the peaks of the different stages
of the parasites and the total parasite population, are recorded in Table 3. It
may be observed that even though 16 to 28 hours were recorded for the comple-
tion of cylces by the different stages, the overall average comes to 24'3 hours or,
far all practical purposes, 24 hours.

The peaks of differential and total parasite counts are giver in Table Il
It seems that the peaks of the schizonts (Stage 11} occurred in the case of Monkey
3111 {from which four-hourly smears were taken) at 4 p.m. on the second day,
2 am. on the third and fourth days and at 12 noon for the following two days.
‘Thus' the cycle was accelerated by about eight hours cluring the sccond day of
infection. On the third day, the cycle was 24 hours but on the fourth day it was
retarded by four hours.

In the case of Monkey 3160 (3 hourly smear series), the peaks occurred at
11 w.n. regularly during the second, third and fourth days after inoculation whereas
during the first day after inoculation and the last day of infection, the same hap-
nened at 2 pm. Thus the cycle was accelerated by three hours during the first
day, and retarded by a similar period on the last occasion.
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From a stnudar study of Monkey 3488, it was observed that the peak vecurred
ab 11 oaam. on the first day, g a.m. on the second, 7 a.m. on the third, ¥ p.an. on the
fourth and at g pan. on the fifth day. So a 22-hour segmentation is mdicated
vn the second and third days, 30 hours on the {owrth and 26 hours en the fifth
day of infection.

Peaks in the schizont percentages of Monkey qoro {irom which one-hourly
stears were studied) indicate that the parasites divided synchronously at 1o a.n,
on the fourth day, and 11 a.m. on the fifth day of infection.

In general, peaks of early schizonts occurred generally between 7 and 11 aam.
every Jay, and of the more advanced ones between 7 a.m. and 3 p.n., but with
a greater frequency at 1y am. Moenkeys 3111 and 4160 showed a progressively
mcreasing count of Stage H schizont on cach suceeeding dayv of infection (Charts |
and 4} but this phenomenon was nt, however, well demonstrated in Monkey
3088 {Chart 5. On the fourth day of infection, Monkey ¢go10 from which hourly
sinears were collected, showed a greater percentage of schizonts than what was
recorded in others,

From Chart ¢ in which all smultinucleated schizonts are recorded separately
in cach case without making any distinction between carly and late schizonts,
it clear cut single brood of infection is evident in Monkeys 9111, 3160 and 4040,
but the same was not found fully applicable to Monkey 3988, Here the curves
suggest the possibility of theexistence of two broods, with the second or minor brood
closely following the muajor and attaining the peak at 3 pom., g am, 11 anm,
and 9 p.m. on the first, second, third and fourth day ol infection, respectively,
Thus it would appear that the minor brood aligned itself with the major brood
on the second day by {oliowing an eightcen hour cycle and thereafter it multiplied
at 26 and g4 hours mtervals on the third and fourth day, respectively,

The average number of merozoites per schizont per day differed during
the whole course of infection.  Their standard errors are vecorded for the different
monkeys in Table 1IT.  They are, in majority of the cases, about 02 or less,  The
inerozoite means throughout the infecdon were found to he ro-i:04, 100740171,
g6-to'1y and 11'5--0'17 in the case of Monkeys g111, 3100, 3988 and 4010
respectively, and were in general higher during the earlier part of the infection
i.e., up to the third cyde as compared to the subsequent cyeles, The overall
average, for the entire period of infection in the four monkeys, worked out to be
10°25 4-0°095.

Period of liberation of rings by segmenters is fabulated in Table IV,
Trrespective of the day of infection, rings were liberated over a period of nine
hours (£7 auan to 8 pom.) in Mounkey 3160, But in Maoukeys 3r11 and 3988,
this period was lound 10 be twelve hours commencing at § a.m. in the former,
and at 7 aan, g am, and 11 a.m. on the three successive days in the latter.  In
the fourth monkey {go010), the same was found extended over a maximum period
of 13 howrs {8 aan. to g p.on).  In general, rings appeared in the peripheral
blood. of these monkeys from nine to thirtcen hours with the peak count between
2 pan. and § pum,

Taking into account the number of rings and the merozoite means as adopted
by Taliaferro and Taliaferro {1949), the day to day vate of increase of parasites
and the percentage parasite survival have heen caleulated and vecorded in Table V.
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CHART 2.

iz

COURSE OF BLOOD INDUCKD P, ENOWLESI (NURL STRAT N} INFECTION
He

Monkey 3111 inveulaled with 5 mitlon purasitized cells per kilogram body 1weight
at 1600 Aours on January 22, 1953,
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CHarT 3.
PERIODICITY OF P. KNOWILESH (NURJT STRAIN) B
Ehfferential parasite count 6f & hourly smears.  Monkey 2100 invenlated with B0 million purnsitized erpihrogyies
per kilogram body weight at 15,00 howrs on February 11, M53.
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Crany 4.
COURSE OF BLOODMNDUCED P, KNOILES! (NURT STRAN) INFECTION

Monkey 3160 inoculoted with 5 million purasitized exythrocites per kilogram body
weight at 18.00 hours on February §, 1933,

L

[T
malilii

—ber

Lo
201
0
L.
C3-2- 20 2 SR O 1 S S
%’223?;3232%2333_3:5_5,&;;‘ TR
s i - oy . g T
it MER io%gg gqé_ugo $ 50 o_g
§§§§§§§§§§§§§g%§§§,4%=%se 5 3:Zz§§§ss§%saaz
ln-zg'.— 2253 ﬁ} 15.2.53 feormis 2 53 : 15.2 .ss——-!*—-m.zsa—‘—*}
o ) z 3 % 5

DAYS AFTED (HGCULATION



174 Studies on Nuri Strain of P. knowlesi.

GRAPH 5

Periomcrey of Po KENOWLES! {NURI 5TRAINY.
£differential parasite couni of 2 hourly smears. Monkey 3088 inoculated with 5 million parasitize.
srythracyles per ke, body weight at 1700 hours sn September 26, 1953,

STAGE 1 SCHIZONT

N g
1A A M /\,j

E .
o
HSTAGE I] ScHromT

L.

. A /\

a lA_A_

8o

STaceNy TROPHO

(=%

o
]

F )
° N

™ } - o
L

o}
- STAGE [[] TROPHO.

59
' 4o
W snd
G

-
L = 9YaaE T TROPWO.
- /\J\I \//

04
a

ey, i

8 2 3

N [\\L

\
we TR
TATE | 20963 17-9-53 28953 29555 ¥0-5.53 0t « 1

| ) 3
DAYER AFTER MWOSULATION




Jaswant Stngh, C. P. Nawr and 4. P, Ray. 175

Grare O,
{oagrse of 61mn1’-rmxmrd .!’ K.nmvit-m {nuri sirain) infection.  Adonkey 3983 inocuialed with 5 million parasitized
cells per kilogrant body weight of 17-00 hours on September 28, 1953,
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CHART 7.
Pewiersy of Po KNOWLEST (NURE s traINg,
Differentzal Pavasite count af one-hourly smears.  Monksy $010 inocuinied with 5 million

By patasitized cells per ky. body weight at 17.00 keurs on Octobuwr 7, 1053,
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CHART 8.

Sioase of blood-induged P knowlest [ Nurd sirain} infection. Total parasite count of Monkey 1010 mondated
with & milfion parasitized cells per ka.fngmm body weight at ¥7.00 heurs on Octoher 7, 1953,
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78
CHART ¢.
Pegropierry oF PLASMODIUM KNOWLESI
Count of multinucleated stages of Monkeps 4010, 3988, 3160 and 31 1 _from smears collected at
hourly, two hourly, thrse hourly and four hourly interval respectively.
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132 Studies on Nuri Strain of P. knowlesi.

Though the rate of increase during the first two days of patent infection was found
iv be more than what can be accounted lor, on the basis of the merczoite means
only, this rate of increase during the rest of the period was, however, within the
limits of the observed merozoites means.  After the first one or two days of patent
infection, the survival rate of the parasites was in markedly decreasing order on
cach of the subsequent days. Thus the observed final survival rate on the last
day of infection was found to be as low as 8 to 14 per cent (Table V).

The period of growth of the different stages of the parasite as studied from
the four monkeys, is recorded in Table VI. Even though these periods varied
within some range in the different monkeys, the average came to six hours for the
growth of rings, five hours for early trophozoites, four hours for Stage IT tropho-
rzoites, and three hours each for the other three stages {grown-up trophozoites,
sarly and developed schizonts).

Tasre VI.

Period of growth of the different stages of the parasite.

: 1 T
Monkey |, Rings  Trophozoites,) ']'mphuzoittﬁ,lTrophozuilcx., Schizonts, | Schizonts,
number. | (R-T,) | Stage I | Stage II | Stage Il | Stage I . Stage II
¢ thours) | (T-Ty) | Ty-Tg) | ('TS-SI) {8;-83) | (S;-R)
: { (hours.y | (hours.) | (hours.) (hours.) (hours.}
wio | 85 L 85 1 50 '[ 30 3-8 20
388 ;. 55 1 50 | 45 | 3 200 44
. . i i
3160 0 b as 0 a2 1 4 142 1 3%
; : i '
LI 0 B fi-0 l 4.8 48 ' AT B LU 32
i : | i I :
Average | 60 4.5 41 32 34 B4
| ! i . i | ?
: e @ e e ®

1‘ . | ,

R =Rings T, =Stage 1 trophozoites I'; =Stage J1 trophozoites T3 ==51age IIT trophozoites.
8,=S8chizonts, Stage 1 S,==S8chizonts, Stage IT

Gametocytes were first detected in Monkey 3111, thirty-six hours after,
and in Monkeys 3160 and 3988 twenty hours after the appearance of asexual forms.
In Monkeys g111 and 3160, this stage persisted throughout the course of infection,
in the former in a density of less than one to a maximura of nine per cent of the
total parasites counted, and in the latter in 0'2 to 2'0 per cent. The highest
number recorded in both was just before the death. In the initial stages when
the asexual parasitemia was very low, sexual forms in Monkey 4988 formed about
5 to 15 per cent of the total parasites. Subsequently, these stages were seen only
accasionally and their count never exceeded one to two per cent. In Monkey
4010 also, the gametocytes were scanty and never exceeded one per cent in any
of the counts, ’
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DISCUSSION.

Nuri strain of P. knewlesi in 5. rhesus monkeys is found to be very highly
virulent, death of monkeys occurring within five to six days after the intravenous
inoculation of 5 to 50 million parasitized erythrocytes per kg. body weight of the
animal, Parasite multiplication in these monkeys was very rapid, and before
death, its density reached about g4 to g8 per cent of the teral R.B.Cs., which in
rerms of the actual number would work out to about 143 per 100 R.B.Cs., ex-
ctuding about an equal number of merozoites seen extra-cellnlarly at this stage.

Talaferro and Tahliaferro {1949) while working with the original strain
observed that in approximately 6o per cent of the monkeys, progressive acutc
infection occurred, and in the remainder, the infection was only intermittingly
fatal. Belding {1952) indicated that P. knowlesi (original strain) produced a severe
infection in S. rhesus with 65 per cent of the erythrocytes parasitized, and caused
death in six to twelve days. McKee and Geiman (1948} found that by fasting
monkeys for 24 10 48 hours, parasite infection caused by P. knowlesi (original
strain) was strikingly ameliorated but similar result could not be obtained by
Jaswant Singh, Nair e al. (1953} in their studies with Nuri strain of P. knowlest.
In view of these and certain morphological differences observed in the present
strain {Jaswant Singh e al., 1954), it is believed that it has some special charac-
teristics of its own, quite different from the original strain.

In the four monkeys studied, the total parasite counts revealed a progressive
parasitemia which, according to Taliaferro and Taliaferre (1949), is typical of
every synchronously reproducing plasmodium. The method followed for the study
of schizogony cycle was the same as adopted by Mulligan (1935). Schizonts
were present on all days during the course of infection and this formed a valuable
guide to indicate each asexual cycle.

Segmentation occurred gencrally at every 24 hours’ interval, but early or
defayed or prolonged segmentation during vhe course of infectton was common,
which eventually caused aberrations in the asexual cycle. The changes, in the
time of segmentation of the parasites, were obviously affected as a result of those
brought about in the survival and death rate of the parasites by the different actions
of innate and acquired immunity. To speak of one instance, in Monkey 3988,
there was shortening of the cycle during the early two days, and lengthening during
the subsequent days (Table VI). Corresponding to these, the merozoite means
iTable V) showed a high figure during the former {136 to 14°5}, and lower one
during the latter period (974 to 7'1). These conditions explain to some extent
the very high rate of increase in parasitzmia observed on second and third days,
and a very contrasting low rate of increase during the subsequent days, as a result,
most probably, of the action of innate and acquired immunity.

The rate of increase in the ring counts {Table V} during the earlier part of
the infection was found to be 45 to 10,000 foid. This is rather unexplainable as
the maximum number of merozoites, ever recorded i any of the monkeys on any
day, was not more than 16, Similar sudden rise in parasitemia at the beginning
of infection has also been recorded by Brug {1934), Afridi {1938) and Taliaferro
and Taliaferro (1949). Brug {1934) tried to explain this on the hypothesis that
the plasmodia remained and multiplied in the internal organy, and the blood later
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s was periodically flooded with these forms,  Afridi {1938), however, did not
Smd any significant difference in the parasite density in spleen and peripheral
blood. According to Taliaferro and Taliaferre (1949), the parasite counts arc
not reliable in the beginning becausc the infection is only just appcaring and
moreover there is differential retention of large lorms of the parasite in the internal
organs, wlitch is especially the greatest at the beginning of the infection.  Perhaps
these two factors may answer, to somne extent, the discrepancies obscrved in the
rade of multiphication in the early part of the infection.

The duration of asexual cycle was {found to be of 24 hours mn all the monkeys.
In three of the monkeys {3111, 3160 and 4o10), therc was no indication of the
exigtence of more than one brood, though from the curve of Stage I{ schizont
of Monkey g11r {Chart 2), it would lead one to speculate whether there could
possibly he two broods, but that this is perhaps not so, is indicated from Chart g
in which the peaks, caused by all multinucleated schlzonts are vecorded, In the
fourth monkey (3988), the schizon! curves do not fully satrafy the existence of only
une brood,  Tahaferro and Taliaferro {1949} are of the opinion that extra broods
da not occur in species that have a 24 hour cycle.  Even ithough this statement
may be found applicable in many cases of P, knowlesi infection, mainly duc (o the
rapid muftiplication of the parasites and brief period of inlection in rhe host as
4 result of high pathogenicity of the parasites to the host, it is bard to say whether
ihus general rule can be made applicable in all cases and under all conditions.
Phis aspect requires further detailed study.

Gametocytes were found in good numbers in the first two monkeys (3111
andd 3160} that had received inoculation as second and fifth passage since the Nuyi
stratn was first Jsolated, but in the other two {56th and 64th serial passages}, these
surbers were found very much reduced.  Whether this is as a result of the blood
forms of the parasite undergoing repeated serial sub-passagey in the successive
vertebrate host, 15 an aspect that requires {further study, as such occurrences, with
sthier steains of plasmodia, are not unknown.

SUMMARY.

1. Periodicity of Nuri stram ol P, knowlest was studied in four 5. rhesus
HONReYS,

2. Periodicity was observed 10 be 24 hours in all ceses. A clear cut single
broogd infection was observed tn three monkeys but in the fourth, there was suspicion
+f the possibility of the existence of & minor brood closely following the main one
and later merging into the latter.

3. Time of segmentation and appearance of other stages in the peripheral
blooed, are recorded.

4. Merozoites per schizont ranged from four to sixteen with an average of
ten.  During the first two days of the infection, the count in all the four monkeys
remained high as compared to the remaining period.

5. Calculations of the vaie of increase of rings between (wo successive cycles
and the daily merozoite means showed that excepting the frst two days of the
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infection, during the rest of the period the rate of ncrease was within the limits
of the observed merozoite means.

6. A reduction in the gametocyte density in the circulating blood was
abwerved in Monkeys 3988 and go10 as compared to the figure obtained for 145
and g160.  This reduction is presumed to be the outcome of repeated subinocula-
tion from one monkey host to another,
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STUDIES ON NURI STRAIN OQF P. KENOWLESI.
V. Aequired resistance to pyrimethamine.
BY

Taror.~-CoLongt. JASWANT SINGH, sz, ch.a(Edin.}, p.r.a.(Eng.),
porM. & #. (London),

€. P. NAIR, p.ms. i Madras), m.p.a. { John Hopkins)
AND
A BLRAY, mB.Ba,

{Malaria Instilute of India, Delli.’
f July 20, 1954,

WonrkiNG with an avirulent strain of 2. knowlesi, Jaswant Singh, Ray ef al.
19532} were able to demonstrate acquisition of high degree of resistance to proguanit
and 2 cross resistance to pyrimethamine. Subsequently, Jaswant Singh, Nair
et al. (1953) reported that high degree of resistance to pyrimethamine could be
produced in a strain of P. ¢gmomolgt which was also cross resistant to proguanil.

In the present paper, the authors record their observations on the develop-
ment of acquired resistance to pyrimethamine in a recently isolated highly virulent
strain of P. knowlesi {Jaswant Singh, Ray and Nair, 1953¢ ; Edeson and Davey,
1953} maintained by blood-passage in M. mulatta mulatta (M. rhesus, S. rhesus).
‘The morphology, course of infection, periodicity etc., have already been reported
carlier {Jaswant Singh ef al., 19544 : 19540).

MATERIALS AND METHODS,
Monkeys, negative 1o tuberculin test {Nair and Ray. 1954}, weighing 275
to 50 kg. were used. The dose of infective inoculum was 5X10°% parasitized
erythrocytes and administered intravenously in all cases. Successive passages

were made when infection was found to be patent.

(187 )
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18.B. stain {Jaswant Singh und Bhattacharji, 1044) with the maodified
rechnique { Jaswant Singh, Ray and Nair, 19534) was adopted for purasitological
audies. For parasite connt, Ehrlich’s eyc-piece was used and the technique
wdopted was simifar to that reported earlier {Jaswant Singh, Ray # al,, 1952).

The doses of antimalarials were calculated in terms of mg. of the base per
k. of the hody weight of animals. Drug was administered orally with the help
of a rubber catheter attached to a syringe. The MLE.D. (Class Il effect) of
nyrimethamine, proguanil und quinine against this strain of plasmodium, were
previously assessed as 005, 02 and g0 mg., respectively (Nair o al, 1953).

OBSERVATIONS,

Although the M.E.D. for Class 11 elfect for pyrimethamine was caleulated
to e 005 mg. at the commencement of the present study, wreatment far three days
was hegun in a monkey {3521, with a sub-effective dose of o.0000r mg.tkg.
Parasitemia increased progressively similar 1o that in untreated series and the
animal died.  Two more passages were carried out with the same dose and the
results were identical.  During subsequent passages, the dose was increased to
'000025 mg. and two similar sub-inocufations were made.  Thereafter the proce-
dure was continued in a similar manner and the dose was increased gradually to
cither double or two-and-a-half’ times the previous dose (Chare 1) till one mg./kg.
was reached. Up to this stage, the monkeys behaved in the same way as the
untreated group. But when the dosc was increased to two mg. in the forty-second
sub-passage series, there was temporary clearance of parasites {Class 11 effect)
for the first time.  In view of this, in the subsequent few passages the dose was
frought down again to o5 mg. and 'o mg., but treatment was continued in
hoth cases for 54 days. During further subpassages, the deses were tacreased to
2, 4, 8, 12, 16 and 20 mg./kg. and treatment was continued for periods varying from

to 14 days.

Any further increase in the dose ol pyrimethamine was not feasible as
practivally all the monkeys died on account of toxic effects.  BEven doses of 16
and 20 mg., proved somewhat toxic to wany monkeys.

At various stages, resistance developed was cross-checked and compared to
the parent strain,  During the final stage, two groups of monkeys were inoculated
with 5 >(10% parasitized erythrocytes, one with the parent while the other with the
vesistant strain. The animals inoculated with resistant strain were treated with
20 mg.jkg., while those infected with parent strain received o‘ooor mg. It was
nhserved that while there was progressive rise in parasitemia, infection was
conttrofled in those infected with parent strain,

PERSISTANCE OF THE ACQUIRED RESISTANCE.

In order to asceriain the stability ol the resistance acquired, the resistant
strain, after passaging i serially in 24 monkeys over a period of 24 months during
which period it was not exposed to pyrimethamine, was tested again with 20 mg.
of the drug. The strain remained insensitive to treatinent and the monkey
died op the sth day of drug administration with very high parasitemia.



18y

o

. P Naw and 1. P. Ray,

Jaswant Singh,

BALISV UYL
O IVNYRTITD
AUVEHOSWAL S 4T

SILIEVEVS
40 AINWEYIID gD

ITeYIEY = o
anig = Q

ANEHTT

a
_ 4
SaNge 002 BLF

AN QTR
TNOE

¥ Toaz
Avql ooz - »ll 4
TAGE: GO fhEY
4 ‘.|>£n_ 3T
FAwa g

Ho save | O M
Al et

T T GRbe

i’:;

———— ey
sagr

_ YU A DDy
SAYOGR

a s6Tr o9l

2

Savag o OCEF o

a % Srvg g
' BICE O
TogavO F o'j
i . G
_ SO D7 LOGF SaeGZ O R
FAvE§

¥y =]
SATOE 09

SAWOE o LZEF
4 “:..w»‘nm og
ISy TATIAC OB

Sxvd e 09 "7
SR O P LVZY 4

i —

| GAvOZ O 9RZP Q

“ Mlx” Saet &

28y L=

rs

Sr¥AE Op SOT¥

2}
ﬁ _.-uydn_._ oz

2 ISk SNOT o

T.w

SAROT OF »liv
TeANGL OF

a B m>¢%ﬁ

z
CAVGE o.ﬂI
Sav0g O Sl
s w:aioﬂo_
a

1D TR D

Avari n..:M«tt»

FAYGY o5

SANAL FLO DY OY
+ ”-mzqnuc.m

sZoe ¥

b

Dea

—

swos o8 CGEE §

TAFDE 01 3FIY

b

-capnpay e afosop puv aFvccod e

f U

1

otiy §
P'W»r_co ¥ oo
[N =)~

Q FRiy =N}

j

wAavQ T B O%IF O

+ 4

WG ¥
a rIr e ]
FAWQE KL O \w 4
ST
Sio
6otk @
— .M.P‘D ']

a_ Q90 E SN Z D1

CAw0Q v sT0P
=

g ¥%o+

SANAZ O

)

SNOR S0 2OV

[ -

SEReT oo
Tawm 2

a3 Q¥oy Gto o

ad

-

\d AYCT 2 O

a.l..uﬁ,.i&nw o
2 6968 TS LT

Ay go s

oo 2@6C
LS.

YUVHD)

by Iﬁ FAYG ¥

vt

LTl

4 |y Sooo

i

il

TaF Lo

1

o

LTS

hiust 51

LT

S -

L]
avay i1
oLy o 11_ u.
SAVG T
focoQ LY §  giong
L.. STaoaT
TreD 2
A} 208E FEoLLG
LA000C

B
sze0e0 g g

Fy YRR
1 % E¥xoO0C

SLva L
0 FSIT 5Imeno

Sa9a B »!L

[ronD 5k 9

H TATO @

i a4 LTie poot

i EIS T2 Tl»

jeess foun 4

L Favwad Z

g 63T SHODCD

et 2 M...c.lb.
e

4000c @ 1@OE 8
ot
- - FAvao
. =TT
awa O FERE
TZoUOT D — l_ _
; SavaE

srooce » 5538 ¢

a _._ﬂ A Z

9TR  FEooos s

Sava ”IL

[ SRoreod (BER g
t

L ELT-% 4
ﬁ Hﬁn;_n iy
a Aw|
SPEL - IDoporo

savd § .m.lla

anma-e R%EE

ﬂ!l» EAVE R B
i wWBwm ey
H whue jonpn 't
255
FLUNS T
MTE D DM AMTS

AEIMONTY " J [ M40 LnAT WD 0y 2nIRisa peinbay



190 Studies on Nuri Strain of P. knowlesi,
SENSITIVITY TO OTHER ANTIMALARIAL DRUGS.

Sensitivity of the resistant sirain was tested against quinine, mepacrine,
j-aminoquinolines, proguanil and its active metabolite, bromoguanide and its
active metabolite and pamaquin. In each series two groups of animals were
placed, one was inoculated with parent strain and the other received the pyri-
methamine resistant strain.  The results are shown in Table | from which it would
he observed that ;—

fa) Quinine, mepacrine and 4-aminoquinolines were equally effective against
both strains of the plasmodium. As regards pamaguin, the resistant strain was
not in any way less sensitive than the parent strain.

(9} Sulphadiazine.—No appreciable difference inthe sensitivity io the drug
in the two strains was observed.

{t) While a dose of 0'2 mg. of proguanil was effective against parent strain,
against the resistant strain cven 30 mg. proved ineffective.

(d} Active metabolite of proguanil—A dose of o'5 mg. controlled parasitemia
in a monkey infected with parent strain whereas even 30 mg. proved ineffective,
However a dose of 40 mg. was able to control the infection in the same way as 0'5 mg.
against the parent strain.

(¢} Bromoguanide—Bromoguanide, when given in o) mg. dose against the
parent strain, was effective in clearing the parasites from the peripheral blood of a
monkey before the termination of treatment but a dose as high as 20 mg., was found
insufficient to save the life of the animal infected with the vesistant strain, go mg.
Hosage on the other hand showed some activity against the resistant sirain but
proper assessment could not be made as the monkey died on account of ity toxic
sffect.

(f) Active metabelite of bromoguanide.—-Parasite clearance was effected in one
wonkey with 175 mg. of the drug in the case of the parent strain, whereas with
the resistant strain the infection proved refractory to treatment even in doses as
high as 20 to 40 mg,

{g) M. 3349.—Parent as well as resistant strain responded well to 20 mg.
dosage, whercas 1o mg. dosage proved inactive in both the cases,

DISCUSSION.

At the initial stage of the investigation, it was observed that the Nuri
strain of P. knowlest was sensitive 1o the extent that even as small a dose as 00001
'ng. of pyrimethamine caused Class 1 effect, With o'o5 mg., compleic clearance
of parasites could be obtained and this was established previously as the MLE.D.
tor Class Il effect. In this respect, it may be mentioned that the M.E.D. (Class
1} of pyrimethamine was observed to be o'oo5 mg./kg. against the non-virulent
sdrain of P. knowlesi {Jaswant Singh ¢f al., 1951). Thus it would appear thar the
present strain is ten times less sensitive to pyrimethamine than the non-virulent
strain!

During the final check up, it was observed that even a dose ol 20 mg. of
pyrimethamine was ineflective against the Nuri strain of P. knowlesi which was
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CHART 2.

Resistance in P, nowicsi fo gyrimethanine. Pegree of resistance acguired and ifs reiolion e e serial passages
and fime taken for the denelopment.
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reared initially with small but gradually increased doses of pyrimethamine for
prolanged period. Thus the resistance developed to pyrimethamine in this strain
was g the region of 20 X108 fold and over, if the M.ED. for Class I cflect
‘'v'opo1 mg.) Is taken into account. Compared to M.E.D. for Class I cflect
‘0'on mg.) against the parvent strain, the acquired resistance was built up to
joo-fold and over. Progress of resistance acquired with successive passages 1S
graphically presented in Chart 2. It would be noted that the rate of increase was
rapid up to the parasites developing fo00-fold resistance, the serial passages and
ilnration required being only on an average of 87 passages and 36 weeks,
respectively, for every ro-fold rise from the time resistance was first indicated to
tave developed (after nine sub-passages within a pertod of seven weeks), This 1s
i contrast to the low increase thereafter as is evident from the average figures of
1475 passages and 7'5 weeks required for every such ro-fold rise.

The interesting features of the present studies were concomitant develop-
ment of cross resistance in the pyrimethamine resistant strain of P, knowlest to
nroguanil, bromoguanide and their active metaholites, but not Lo sulphadiazine,
gquinine, mepacrine, 4-aminoquinohines, pamaquin and M-3349.

Schmidt and Genther {1953) and Jaswant Singh, Nair ¢ al. (1953) de-
mustrated that similar resistance to pyvrimethamine could be developed in P
synomalgi as well and that the resistant strain was cross-resistant to proguanil and
proguanil derivatives, Similar cobservation was also made by Thurston (1953)
in P. berghei and it was shown that a pyrimethamine resistant straip was cross-
resistant to, (1) C TW 6, 2 : g-diamino-5-p-chlorophenvl-pyrimidine which
Jiffered from pyrimethamine only in the absence of the ethyl group on the 6-
vusition of the pyrimidine ring (Chase, Thurston and Wa.tker, 1951) ;5 {2} Active
metabelite of proguanil (Carrington, ¢ al.,, 1951 ; Crowther and Fevi, 1953) ;
2y Pteridines ofg7 [ (6 : 7-disoprophyl}-2 : g-diamiaze pteridiaes | 5 and
‘41 Pteridine o/164 [6 : 7-(1-ethylindolo}-2 1 4 diamino-pteridines] (Collier and
Waterhouse, 1g50 @ 1g52).

In view of the normal tardy reaction in the plasmodia 1o proguanil,
ntazines and the diaminopyrimidines and that they acquire resistance to them
casily, Ryldey {1953) suggested that they cxcrted their effecs on the anabolic rather
than catabolic system of the parasites.

losephson ef al. {1953) have also put forward a hypothesis that antimalarials
ki su)phoramides, metalinanides, diaminopyrimidines, triazines, ctc., which
kil the parasites at the presegmental stages, are probably analogues of normal
metabolites and that parasites can aceuire resistance to them readily unlike those
wtimalarials which exert their action against all stages.

Whatever be the explanation ; the question on the usc of antimalarials like
aroguanil, pyrimethamine, etc., on a mass scale for prolonged period, as in
suppressive treatment, should be reviewed in the light of the dati available,
varticularly now, when similar resistance and cross-reststance have been ehserved
't P, vivay as well {Hernandez ¢ al., 1953).
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SUMMARY.

P knowedesr (Nurt stradn} wis passagud 79 thnes fn X odesms monkeys in the
prescuce of gradually graded doses of pyrimethamine over 2 period of jo weeks
which cventually resulted in the acquisition of more than 20 X 10* fold resistance
by the strain to this drug.

The um]slmlty of the resistant struin to various drugs was determined by the
standard therapeutic test as followed in the laboratories of the Malania Institute
of India against simian malaria, and found that proguanil, bromoguanide and their
active metabolites were highly cross-resistant to this resistant strain, whereas drugs
of g-aminoguinolines, pamaquin, mepacrine, quinine, and M-3349 were all as
effective as against the parent strain.

The resistance developed was found to be of a permanent nature as much as
the sirain remained insensitive to pyrimethamine even after two and a half months,
during which period it was passaged 24 times in the absence ol the drug,
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MECHANISM IN MALARIJA,
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AND
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Tue precise cause for relapse in malaria has been and continues t be a
subject of speculation, although in recent times some of the lacunz towards further
understanding of the problem have heen filled. At the commencement of 20th
century, Grassi (1900) and Schaudinn (igoz) considered that relapses were
caused by parthenogenests or regressive schizogony of the macrogametocytes.
That theory has not stood the test of time as it is now known experimentally that
gameiocytes do not give rise to a relapse (Boyd, 1949).

Bignami (1970, quoted by Corradetti and Verolini, 1950) considered that
acquired immunity in malaria is transitory and that when it attenuates after a
lapse of time, the parasites reappear giving rise to a relapse. Hackett (1937)
reviewed the position and discussed at length the various theories for the causation
of relapse on the basis that rencwal of discase signifies a removal of immunity.
The host factor is the one that has generally been considered liable to be put out
of action by a variety of causes as fatigue, heat, dietetic indiscretions, inter-current
discases, chilling, drugs, biood letting, trauma, parturition, and surgical operation.
‘The parasite itself has not been given sufficient comsideration although Schilling
{3934) conceived of the possibility of parasites becoming resistant to host immunity
in order to explain his observations vn the incubation period, toxic manifestations,
the initial febrile period and relapses.

Recently Alving quoted by Sapero (1947} has expressed that both length
of the prepatent period and the tendency to relapse in malarial infections, vary
with dosage of sporozoites. When the inoculum is small, the prepatent period is

(197 )
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orofonged and the Hability to a relapse greatly diminished.  The couverse s true
when the inncutum is large.

The discovery of a herctoiore crypiic life cycle in wieax malaria by Shortt
g «l. 1948) and Shortt and Granham {1948} has brought out a new soncept on
the mechanism of relapses.  Corradetti and Verolini (1950} reopencd the specula-
rion on the origin of relapse in malaria and as a result of ohservations carried out
o blood-induced infections of P. malarie in man and P. cynomolgt i1 monkeys,
concluded that it is difficult to support the theory that relapses are exclusively
dependant on the presence of exo-erythrocytic forms.  Whether it be, that the
nre-erythrocytic parasites or their persistent forms relcase erythrocyiie parasites
mio the blood continuously or periodically, it is still necessary to assume that the
acepiired immusity becomes low at certain pertods for a patent relapse to mamfest
ieself.  Ta other words, the exo-crythrocytic parasites may truly act as a reservoir
Hut it gtill has to be expleined why renewed patent activity of the erythrocytic
parasites takes place at specific penods.

The relapse pattern in malaria appears to be characteristic for each species
and even to some of the known sub-species or strains {Coatney and Coupper,
1948 Young el al., 1949).  Usually the relapse episodes bave a well defined
neriodicity.  These features would favour relapses being more a function of the
sarasites than any alteration of inmunity in a large number of people at the same
vime [Hackett, foc. ¢it. ; Ramakrishnan, Satya Prakash and Krishnaswami, 1951).
tnjection of adrenalin, glucose, exposare to cold, farigue, starvation, ote., as means
of precipitating relapse, vield the most inconsistent results in  experimental
malariology (Russell, West and Manwell, 1946 ; Bianco e al,, rgq47). These
sactors may act concomitantly during a relapse but not cawsatively,

It would appear that a fresh approach s necessary to elucidate the precise
mechanism precipitating relapse in malaria.  The authors consider 1 conceivable
that relapse in malaria is precipitated by parasites which have beceme resistant to
avguired host lmmunity,  Parasites existing in small numbers, when the infection
ix latent, would necessarily have to be resistant to the existing degree of host
imuunity.  When the degree of resistance 1s greater than that of current immunity,
mereased multiplication of parasites manifests itsell in the form of patent relapse.
such a conception would appear to adequately explain all that there is so far known
ahout the natural history of the disease.  There is nothing revolutionary in the
assumption that parasites can acquire resistance to immunity, It is well known
hat pathegens acquire resistance to many of the modern therapeudc agents like
antibiotics and drugs which act by aflecting the growth andjor multplication.  The
enability of such a hypothesis on a theoretical basis in considered here,

The erythrocytic nvasion by parasites of the three common species of human
maaria, in most cases, gives rise to an initial period of continuous non-remitiant
Jever, and after a time each of the species assumes its characteristic periodicity.
By.the time the parasite establishes tts periodicity, several minor broods maturing
al different times are considered to have been eliminated either by the gradual
development of immunity or otherwise. It would appear that the parasites
which give rise to fever at specific intervals are those which survive the low degree
of immunity developed during the initial inflection,
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The parasites responsible or eiach bout of remittant fever sumulate the host
antigenically, and at the caimination of each bout the majority of parasites causing
the bout are destroyed. The few survivers multiply, further stimulate the host
antigenically and once again the majority of them get destroyed. It is conceivable
that, at each successive bout the relevant parasite population is exposed to in-
creasingly adverse circumstances to which it gradually acquires increasing resistance,
At the end of the primary episode, during which the twrminal Dbouts are of
progressively decreasing intensity, the resistance acquired by the parasite is not
sufficient to overcome the immunity, and the result is a latent infection.

Parasitemia in latent infections is sub-patent in most cases. This can be
proved by subinocalation of blood from such cases to susceptible hosts.  The sub-
patent parasite population can he maintained by continuous propagation of the
erythrocytic parasites andfor by either continuous or periodic replenishment from
the reservoir, namely the exo-erythrocytic stages.  Bul the very fact that there is
a sub-patent population in the presence of a developed immunity necessarily
{ollows that these parasites are resistant to immunity.  The host-parasite relation-
#hip Js not staric as parasites during latency are comtinuousty boosting the host
unmuanity and concurrently acquiring a greater resistance to it If at intervals a
small proportion of the parasites have acquired sulficient resistance to avercome
the existing degree of mmunity, a relapse can occur,  The refapse s almost always
ol shorter duration and lower intensity than the primary episode {Talliaferro,
1949). The increased multiplication of the resistant parasites even during the
period of refapse results in an increased antigenic stimulation whereby  the
immunity is further boosted vvercoming the briel relapse cpisode.  Such periodic
episodes continue to happen but they are of progressively fower intensity till the
immunity is of a much higher order and the parasites are eliminated.

P. falciparum a2t one extreme is it parasite which has the largest number of
merozoites per schizont and consequently is a fast reproducing species resulting in
maximum nambers. A maximum antigenic stimulus would appear 0 be in-
evitable resulting i the production of acquired immunity to a greater degree as
well as in a shorter space of time than in the case of the other two species, The
feast 1endency lo relapse in falciparum inalaria is probably due to the fact that
the purasites have less chances of acquiring any resistance to the acquired immunity
which is developed quickly and to a high degree,

At another extreme s P, malarie which has the least number of merozmottes
per schizont and it the slowest multiplying parastte.  The parasite density is never
high in this infection, resulting in low antigenic stimulus, thereby affording maximum
chances Tor the parasites to acquire resistagee to the slowly developing immunity.
P, vingx can be said to occupy a status between the above two.

From the clinical point of view, a relapse would connote a re-activation of
discase.  From the parasitological point of view, it connotes a renewed increase
in the multiplication of parasites despite the immunity acquired by previous
antigenic simulation.  From the epidemiological point of view the “carrier state”
is prolonged periodically by the formation of fresh gametocytes concurrently with
cach relapse.  Underlying all these different points of view, there would appear
to be a single hiological principle that relapse episodes arc manifestations of the
attempt by parasites to survive against a continuously changing environment
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which is progressively more and wmore adverse fo it.  Ounly the adverse environ-
‘nent is partly due to the activities of the parasite itself. Tt would appear logical
that the parasite must necessarily become more and more resistant to the increasing
immunity il such a time the latier s stepped up to a suflicient potent degree to
destroy all the parasites which had acquired resistance to smaller amounts of the
sme [nmunity.

"The hypothesis would appear 10 do away with the necessity for the arbitrary
distinction between recrudescences and relapses.  The distinction i based on
the tineé interval between the primary and the recurring cpisodes { James, 1931).
‘The bypothesis would explain the differcnce logically, as it is clear that during
vhe phase when immunity has not reached the highest degres, namely, immediately
after the primary epidsede, there are greater chances for the parasites to have
acquiret! suflicient resistance to the existing level of immunity and such parasites
tend to increase their multiplication at less frequent intervals. Tt must also be
remembered that the parasite population is maximum during the primary episode,
affording greater chances for selective survival of resistant forms.  Each recrudes-
cence due to increased antigenic stimutus, results in a higher degree of immunity
wrainst which the surviving parasites take a longer time (o acquire resistance.
{lonsequenily the relapse occurs at longer intervals,

The hypothesis is not applicable to abnormal events like loss ol blood due
o wounds, surgical intervention and parturition precipitating a relapse. The
relapse occurring under such conditions is more likely due (o a sudden removal,
(uantitatively of appreciable amounts of circulating immunity, and is comparable
w relapse induced by splenectomy in experimental malariology.

Chemotherapeutic studies on malaria have often yiclded rich results in
nuvavelling immunity problems, behaviour of different srrains and physiology of
oarasites.  Josephson et el (1953) in their rationalization of acquired resistance
of malaria parasites to drugs have shown that antimalaria drugs, irrespective of
sheir chemical and biological properties, can be classified into two groups, namely,
onc which acts on all the asexual stages and the other which acts on the dividing
srythrocytic stages only., Many drugs which have little or no action in pifre act
m vizo through their metabolites, and they seem to belong to the second group,
and to which parasites acquire resistance easily and quickly.

It is alse well-known thut the mode of action of many synthetic drugs is
through thelr antagonism to normal nutrients essential to ihe parssite.  In cases
where resistance to a drug is acquired, the parasite probably adapts itself either
«w do away with the particular nutrient or to produce it in exeess to overcome its
sartial destruction by the drug.

By analogy it would appear conceivable that parasiies can acquire resistance
rs developing host immunity.  Another point of resemblance between acquired
resistance to drug and host immunity is inferred from the ohservation by Josephson
# al..(loc, cit) velerred to above, that drugs affecting the asexual reproduction of the
paragite lend themselves more easily for the acquirement of resistance to them
by the parasites. Acquired immunity has been shown by Talliaferro and Tallia-
ferra {1934) to affect the asexual reproduction and that merozoite number in the
wrisly forms, is always smadl. It is well known that ribonueleic aeid s essential
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for the division of nucleus. Bringmann and Holtz (1953) have shown that acquired
immunity in fexoplasmosis caused the disappearance of ribonucleic acid from the
cytoplasm of the organisms when cxposed to immune serum. They offer this as
an explanation of the failure of foxoplasma 10 stain when mixed with immune serum
for the Sabin-feldman’s test.

Work of Zuckerman {1g45) indicates that one of the serological components
of malaria immunity is chiefly in the nature of an opsonin which renders the
parasites more amenable_to phagocytosis, I the hypothesis is tenable, then it
would appear that a sclective breeding of parasites, yesistant to the current opsonin
titre, takes place at different Jevels of immunity.

Members of the 8-aminoquinoline group of drugs and others which have
any influence at all on the relapse rate are those which act on the pre-erythrocytic
forms or their persistent stages.  This s in no way contrary the hypothesis,
a5 it has been stated carlier that the exo-erythrocytic phase acts as a true reservoir
of parasites and constantly replenishes the peripheral blood with parasites some
of which become resistant to the immunity and multiply selectively.

The hypothesis seems applicabie to il infectious diseases with a tendency to
relapse, whether they be of treponemal, bacterial, protozoal or helminthic origin.
The {fundamental pattern of the natural history of these diseases is not dissimilar,
indeed, Schilling (quoted by Hackett, loc. cit.) helicved that immunisation in
malaria is a reciprocal reaction between organism and host in which each is pro-
tecied from the other as in ordinary ** carrier  state of discases. Such a trend
of thought would be in keeping with the recent concept that hosts utilize their
comparatively few defence mechanisms with little modification against ail varieties
of infectious agents (Cuibertson, rg51).

The hypothesis as stated in this paper takes into consideration all the known
facts regarding the natural history of malaria. Direct experimental proof for
it, however, is difficult,  If it can be established experimentally that parasites at
chifferent stages of infection of the host exhibit different degrees of susceptibility to
a2 standard immune serum, then the hypothesis can be considered safe for further
work. The intracetlular nature and difficulty of isolating the different growing
stages of malaria parasitesare some of the obstacles to prove the hypothesis by experi-
mental malaria, Trypanasome infection of rats runs a course not very dissimilar
to rodent malaria caused by P. berghei. Experiments are now iu progress to
attempt to test the hypothesis experimentaly in trypanosomiasis of rats.
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LIVER ENLARGEMENT DURING ACUTE INFECTION IN
SIMIAN MALARITA,

BY
A PO RAY, monss,
B
(Lo PoONAIR, poves, (Madras), moeade {Johss Hopkina},
iMalana histitute of India, Delhil
¢ by d, L,

SeLEEN index formis one of the most lmportant guides in a malania survey
as this organ s invariably enlarged in malapal infections.  With regard to the
tiver, although it is generally agreed that it is somewhat enlarged in acute malaria,
precise informations regarding the degree of enlargement are Jacking.

Coggeshal {1937) and Alridi (1938) have shown that spleen is enlarged in
P cpnomolgt ov P Enowolest infection v M. mulatta mulyila (S. rhesus, M. rhesus).  But
sxperimental studies of Taliaferro and Cannon (1936) did not show significant
entargement of the liver in P. brasilianum infection in black howler (A. palliata
equatarialis) or white-throated (Cebus capucinum) monkeys.  But in brown howler
14, palliate trabeata) and spider monkeys (Ateles dariensis and 4. geoffroyt), small
statistically significant increases were noted. Taliaferro and Mulligan (1937)
had never seen greal enlargement of liver in . cyromolgi and P. knowlest infections
in M. mulatie. But the procedures adopted lor measurement of liver were not
indicated by them.

During the present studies, an attempt has been made to assess the degree
ol enlurgement of liver, if any, in M. mulaile mudgita due to acute infections with
P. knowlesi and P. cynomolgi.

MATERIALS AND METHODS.

Hosto--Observations were made in 248 M. slaita mdatle out of which 29
were normal, 196 infected with P. hnowlesi and 28 with P, cynomolgr,

{260% )
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The normal monkeys were not sacrificed specifically for the purpose.
During catching operations or fransportation, a few monkeys had injuries like
iracture of the limbs or skull or got involved in some such accidents. As, such
antmals would not have served any useful purpose, their internal organs, including
the liver, were examined on autopsy.

P. knowlesi infection being fatal to all monkeys, it had heen possible to make
observation on a large number ol animals, though analysis were made from a
random sample {cvery fourth monkey) of 49 out of a population of 196.

A strain (Nuri} of P. knowiesi recently isolated {Jaswant Singh, Ray and Nair,
1953 ; Edeson and Davey, 1953) was used for these studies. The strain is highly
virulent and irrespective of the dose of inoculum and the route of inoculation, death
accurs in all monkeys within four {o six days after patent infection is established.
At the peak of infection, shortly before death, parasitemia may reach as high as
o8 per cent (Jaswant Singh, Nair and Ray, 1954).

The strain of P. cynomolgi used, was originally 1solated by Sinton and
Muiligan {1932). Rarely the animals dic during peak of infection but occasionally
4 {ew odd monkeys dic soon after crisis, which is usually between 8 to 15 days after
patent infection 1s established.

The volume {in c.c.) of the liver, removed soon after death in each case, was
measured by displacement of water in a4 measuring cyhlinder. Side by side,
weight of the liver was taken in all cases,

RESULTS.

‘The volume of liver observed in cach monkey was classified according to
the weight of the animals as shown in Table T from which it would be observed
that the total number of normal monkeys were 29 and the mean liver volume
in .. was 107, The mean liver volume of the 49 monkeys (random sample)
which died of P. knowlesi infection was 156 c.c., while that of 23 monkeys which
died of P. crromolgi infection, was 172 e.c.

TasLg I.

Mean tiver volume of normal monkeys and of those infected with P. knowlesi and
P. cynomoigi.

| i
\Weight groupl Number of i Mean liver | Number of | Mean liver [ Number of | Wean liver
«f monkeys normal | velume in monkeys | volume in monkeys | vioume in
in k. monkeys. | .0, infected with ; (XN infected with | C.c.
P e P onemigi
§-2 B3 ’ 46 6 1 7 3 3]
31— 8 i i3 3 ' 134 8 | 18
{ .
H |
3-6 [ I 151 B4 200 7 202
7-8 2 | 182 6 1 243 2 2351
Total 2 |y I W s 23 172
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Thus increase i the volume of liver tn monkeys dying of 2. bavwlest infection
was by 45 per cent while in the casc of P, cynomolgi it was Bo per ceut,

The results were further analysed statistically, and significance {X?®) tests
were carried out from data plotted in Tables II and 111

TABLE ).

Observed and expecled mean liver valume of normal monkeys and of those infected
with P. knowlesi,

Weight group of j Obseived mean liver ! Expected mean liver
monkeysinkg. | volumein e {in b volume in c.c. {in
. monkeys infected with ! normal monkeys).
P knotolesid. !

e N

32 75 : 15

34 1 134 | P36

3-4i M) , 184

T8 233 * 182

T Yot .1 a2 ":i 547
towd e t

Tapte 11

Ohserved and expected mean liver volume of normal mongeys and of thwse
infecied with P. cynomolgi,

: |
Weight group of " Observed mean liver | Expecled mean hiver
maonkeys in kg, volume in c.c, [in t volume in e.c. {in
- monkeys infected with! normal monkeys),
P. oynomeigi}. f

i
: 81 | 46
]
Bl : L3R i 134
Bl i 202 ; 183
-8 251 '!l 182
Total . 672 547
t e mee e me mmml el A 11 et A § S I T Er— - ——— el L.
N2=284

In P. knowlesi infections, the probability of error by chance occurrence is
about 0'or while in P. cyromolgt it is in the region of 0.005.

The liver volume and weight in all groups were proportional as would be
seen from Graph 1, showing volume and weight of the liver in monkeys which
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died of P. knowlesi intection.  Similar corrclations were observed both in the

normal as well as in those which died of £. cynemolgi infection, and therefore not
shown.

GRAPH. 1
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DINCLRSEON,

In human malara most of the informations whicl are available, come (rom
chinicians or from aotopsy reports, but ouly fow workers bave recorded thetr obser-
vations on the condition of the liver at the time of routine survey, Hughes and
Srivastava {1g27) reported that in some groups of cases, there existed concomitant
enlargement of liver along with splenomegaly,  Willtams {1940) also observed in
African children that hepatomegaly and splenomegaly were common in children
suffering from malaria.  In an hyperendemie wvillage in Madhya Bharat, Jaswant
Singh, Ray « al. (1954} observed that while spleen rate was 64 per cent, hepatome-
galy was present in 20 per cent of the children all of whom had Class ITL to V spleen
‘Hackett). Simitar observations werce made by Ray (19544 who while conducting
malaria survey in a village in Manipuc noticed that the spleen rate was 50 per cent,
and 35 of those showing enlarged spleen of Class I1-V type, had hepatomegaly.
Recently, Black (1934} reported that in certain malarious areas there was concomi-
tant enlargement of Hver and spleen, and that the highest incidence of Yiver en-
largement and the largest livers were noticed in hyper- and holo-endemic areas.
Orlina {1941} and Russell ¢f al. (1946} believe that liver enlargement is noticed
as often with P. virax as due to P. falciparun infection.

During the present experimental studics, ample light has been thrown to
show that in acute infections of P. omemolgi and P. knowlesi there was considerable
enlargement of Jiver.  In the former case, it was enlarged by 6o per cent while in
the latter by 45 per cent. Thus it would be obsreved that in P, cynomolgt infection
the degree of enlargement was higher than in P. knowlesi infection,  Statistically
ialso, the enlargement observed, was found to be highly significant.

Taliaferro and Mulligan (1937) believed that enlargement of liver in majaria
was ~ due partly to acute congestion, partly to distension of the sinusoides with
macrophages and ather cells and partly to swelling of the hepatic cells themselves 7.
Recently, Ray (1953 @ 19548) has reported that while in P. conomolgt infection there
was occastonal swelling of the parenchyma cells, in P. knowiesi therc was extensive
{atty infiltration and centrifobular necrosis.

It has also been reported that when monkeys kept on low protein dict
were infected with P. cpnomolgi, therc was extensive fatty infiltration of the liver
which became worse after repeated infections (Ray, 1953). In view of these
nbservations, it is considered desirable that during future malaria surveys, details
of the liver enlargement are also recorded along with other observations, parti-
cularly in highly malarions rural arcas in India where majority of the population
live on a dict deficient of proteins of high biological value {Patwardhan, 1952).

SUMMARY,

Volume and weight of livers were recorded 29 normal . malatta mulatta,
196 infected with P. knowlesi and 23 with P. ¢ynomolgi.

In both infections, the volume of liver was found to be increased ; by 6o
per cent in P. cynomolgt and by 45 per cent in P. knowlesi.  Statistical analysis also
showed highly significant results.
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"The authors consider that Hver survey should also be carried out during
future malaria surveys as the liver is invartably involved in malaria.
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ANTIMALARIAL ACTION OF THE ACTIVE MEFABOLITE
OF BROMOGUANIDE AGAINST P. CYNOMOLGL

BY
A PO RAY, o us,
Co Vo NATR, pows,  Madras), moet, | Jolms Hophins),
M, K. MENON, m.8.5.5.
AND

B. Go MIBRA, noae, Lo (Call .
‘Malaria Instiiwie of India, Delhr.)

Fjuly 18, 1954,

IN A quantitative evaluation of the wuimalarial activity of chloroqune,
nivaaine, amodiaquin and avleclor against blood-induced infections of P. ¢ynomolgt,
1t was observed that while the efficacy of chioroquine and nivaquine was almost
the same, avloclor was 15 times and amodiaguin 0745 times as active as the other
two { Jaswant Singh ¢ al., 1953). Subsequently, Nair #f ¢/ (1953) tested proguanil,
pyrimethamine and bromoguanide against the same species and reported that
whereas bromoguanide was only 0°68 times as active, pyrimethamine and proguanil
were 1426 and 1°5 times as active as chioroquine.  The present paper records the
report of a similar study with the active metabolite of bromeoguanide, 1-p-
bromophenyl-2 : g-diamino-6 : 6-dimethyl-r : 6-dihydro-1 1 g3 : 5-triazine (Bami,
1953 : 1g54)- The results were also compared against those obtained after treat-
ment with M33z49 and mepacrine.

MATERIALS AND METHQDS,

{n the presemn study, 63 normal 3. rhesus monkeys, cach weighing between
25 and 6°0 kg. body weight, were msed.  The rechnique adopted for testing, hke
selection of monkeys, dosage of infective inoculum, time apd duration of drug
administration, etc., for activity were similar to those described by Jaswant Singh
el al. {1953).
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The eriterion for activity of the drug was the clearance ol parasites from the
neripheral blood at least within 24 hours after the administration of the last dose
of the drug (Glass I1 effect of Shannon). The minimum amount of the drug
required to produce this effect in a group of three to five monkeys used for such
purposes, was considered ay the minimum effective dose of the drug. In case
there was only deceleration in parasitemia in experimental group as compared to
the comparison series, and not actual clearance within the specified time, the
cffect was taken as Class 1 effecr.  Class IIT effect was judged by the efficacy of
the drug in completely sterilizing the blood-induced infection following the initial
Class T¥ eflect.  In such cases, smears were examined for a period of 3o days before
and aftgr splenectomy. Finally the uitimate comparison of the effectiveness of
these drugs was based on calculating the quinine equivalent,

Lhemioal structure and formula of Mq3409, mepacrine and active bromoguanide metabolite,

M 3344 Aetive metabolite #f bromognanide
N
NH.CoHamle #N
“ C}”“'ﬁ‘”“o:a: 4 (_2"5)2 Mz A‘l- ;-— NHz
NH ~
- L
2. p-chivrophenyl  guanidino- "}c{

i Frdithylamino-cthylaming—6- WaC Cu3
scthylpyrimidine.
V-—p Bromopbenyl-6 : G-dime-
Mepacrine thyl-2 : 4-diamine- ; 6-dihy-
" dro-} 1 3 @ S-triazine.
<

W - Mg CHg-C Hg-CHA-N 2hs

Sen

e )
(¥4

RESULTS.

Cg“s

The results obtained with the different schedules of mepacrine arc tabulated
i Table 1. With a dose of 2 mg.fkg., the course of infection remained unchanged,
whereas 4 i0 8 mg. doses gave a measurable effect inasmuch as either Class I or
(Jass J1 eflect was produced. In a few, Class 11T effect also was observed, OF
these, the minimmum dosage required to clear the parasites temporarily i all
inonkeys tried, within 24 hours after the cessation of treatment, was found to be
50 mg./kg. which was, therefore, taken as the MLE.Il. of mepacrine. On the
wther hand doses of 16 and 24 mg. were more active and resulted in Class 111
cffect in majority of the animals,

Action of M3349 is shown in Table II. Up to 2 mg. dosage, no changes
could be affected in the course of infection similar to that observed under
mepacrine, Doses of 50 and 75 mg. were active to the extent of producing Class T
effeet in some of the monkeys tried whereas with 10 and 15 mg. doses, Class I
effect was produced in some but not in all. However, with 20 mg. dosage, tem-
porgry clearance of parasites from the blood was effecied in all the three monkeys
within 72 to 120 hours from the commencement of treatment. This dose was,
therefore, considered to be the M.E.D. of M334q.
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Tasre |,

feffect of mepacrine aganst blood-induced 1. cynomolgi infection.

AOTIVITY ;
Dosage ;Numhm'; i | Clase T1 dass 11T
hasr al i : U S U SSV | Pt T &
g Sk, pmonkeys, fnaclive ! Class T Parasite Rolapsclf b Clear-
weight, | wsed. ! i | Number  ciearance | {days).* | Number!  ance
: : ! fhours} | : {hours}.i
: ; : ! ] ! f ]
2 0 3 o8 i | P P
: 5' E F i ! i :
L | I (I U 0 o . Ve
5 3 i b1 oo "2 |en72 | MED.
i i
& 1 : Il It 60,8406 5 7 1§ 48
i . ! i ;
" 3 ! boos 06, 120,048 l 17¢
wou : 3 1 | a6 TR R PR
24 % oL {2 & G, 96 P %
. i I : ; i
*Relapsed since the cessation of treatment.
FTwo died during observation period,
£One died during observation period,
Tasny 1
Fffect nf M. 3349 againsi Aload-induced 1. cynomoiogt mfection,
! ! : !
Dausage Number ACTIETY i '
base | of - ) - RSV DRI S 7%
mngfkg. imonkcyﬁi' ‘ Crass Il Crass T i marks.
weight. i used. Fnactive.d Class I, j-— \ : i
: ! - Numbers; Parasite  Relapse {NMumber.,; Clear-
: i clearance | {days). ;i ance
! ¢ {hours). » (hours),
5 y 1 -’ i !
- ' i ; : E \
15 2 ; L L e i i
! . : i :
Hr + L2 % 84,068 115,16 l . J
'3 3 oo gt aze s, 18 P
w3 E o bae Doz tosao0 ! 8, 10 ; - 5 M.E.D,
i ‘ : i f !

*Qne died during the observation period.
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Twenty-three monkeys were treated with bromoguanide metabolite, the
doses varying from ov3 to 1°5 mg. Doses of o1 and o2 mg. were ineflective in
50 per cent of the monkeys. With ¢'3 to 04 mg., Class I effect was attained in
all cases, Though Class 11 effect wus seen in one animal treated with 06 mg.,
the same was not evident in both the monkeys treated with 08 mg. In com-
parison to these results, parasite clearance was eflected in four out of five monkeys
treated with 1-omg. dose, and five out of five monkeys treated with 172 mg. dose,
wsually before completion of the ¢ourse.  Of these nine, with the exception of one
rhat died during ¢the ohservation period, all relapsed during the foilow-up period.
The M.E.D. for Class IT effect was thus established to be 12 mg./kg.

Tasre IIL

Joffect of active metabolite of bromoguanide against blood-induced P. cynomoigi nfection,

]

Dhssage iiNumhm' i ACTIVITY .
Base ol LT R [ e e s : Re.
mgf g, monkeys i i Chass TI Crass 117, I marks.
weight, | ased.  Imactive.. Class . i

[
Relapse [Number.: Cleap- g

i I R ]Numbcr. i Parasite |
t : ! i clearance [ (days). | | amenm
; : ' {hours}. | i i (hours}.
9 oy i i i | b
11 E 2 [ | ! | | | A
0z Lo L i ' :
E i ! i s : i |
e ;2 |2 : r : :
a4 2 o2 : i e i e b . Tndication
: | ‘ i | i of early
i | . : i : resistance
| | : i to drug
E | ; i ‘ in ona
! : : : . : : monkey.
b 2 O A R R 1T T P
| ; : i : | i
bR A - i ! i
! ) ! f . {
Lo 5 T 4% 4%, 108, 14,7, 13, 13 :
| | . " 168 ] l i
P 5oy e i d@ 196,96, 144, F 27,12, i
: : i | 168, 168 112 j
T S S U S B " D 1 I
: { ; : i ] |

“*One died during the observaiton period.
DISCUSSION.

¥rom the results obtained during these studies, it would be observed that the
M., for metabolite of bromognamde, M3344 and mepacrine is 12, 20°0 and
30 mg.fkg., respectively,  As the MLE.D. of quinine against the summe strain of
P. cynomolgi was established to be 20 mg. {Jaswant Singh ef al., 1953), obviously
f.]u-:i QE. {quinine equivalent) of the three compounds row tested are 16'7, 10
and 4.0,



A0 P Ray, O P Nairy M. R, Menan and B. G. Misra. 219

It s interesting to note that vhe quinine equivalent of mepacrine was observed
to be the same in P eynomolgi as in P. gallinaceum in chicks { Jaswant Singh et al.,
1952).

Nair ¢ af. {1953} had vhserved earlier that M.E.D. of bromoguanide and
proguanil against the same strain of plasmodium was 2+2 and 1-0mg., respectively,
and their quinine equivalent p-og and 20. Thus the active metabolite of bromo-
guanide was found to be about twice as active as the parent compound.  Further,
though M3349 is considered 10 be proguanil precursor, it was 20 limes less active
than proguantl. It would, therefore, be evident that in both cases the compounds
uf metabolite of bromoguanide and proguanil arc more active than their parent or
precursor compounds.  Similar observations were reported by Josephson e al.

1951} who reported that against P. gallinaceum, a metubolite of pamaquin was
16 times more active than the parent compound.

These observarions, therefore, throw sufficient indications that unless one is
wurking with radically different chemicals, there is considerable scope of further
advancement in the production of better antimalarials if sufficient attention is
paid to the study of degradation products of established antmalarials.

SUMMARY,

Mepacrine, M4349 and the acuve metabolite of bromoguanide were tested
in g 8. rhesus monkeys infected with the asexual forms of P, synomelgi,  The minimal
cflective doses of these three drugs were found to be 50, 2000 and 1°2 mg,,
respectively, of the base per kg. body weight of the animal. The quimne equivalent
of these drugs, therefore, is 16-7 for metabolite of bromoguanide, 4 for mepacrine
and 1 for M 33490.
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A NOTE ON THE MALARIA PROBLEAM IN BHU],
KUTCH STATE.

BY
SATYA PRAKASH, s.sc,, va.ms,

{Malaria Institute of India, Delhi.)

fRuly 1, 1840

A MALARIA survey of Kutch State was carried out by Alridi ef ol {1938)
who made detailed recommendations for the control of the diseuse.  Pal (1946)
during a resurvey noted that little of the recommendations had been given effect
16 and consequently the malaria situation had deteriorated as compared to the
previous survey.

Since the partition of India in 1947, the State of Kutch has grown in im-
portance.  Karachi, which was till then holding importance both as sea and air
port, had to he replaced.  Due to the geographical Jocation of Kutch and the
scope it presented for expansion for rehabilitation of displaced people as well as
international air and sca-port facilities, Bhuj is being developed as an air port and
Kandla as a sea port.

The note records briefly the results of malaria surveys in the Statc carried
out in 1949, 1950 and 1951 and the main recommendations tor the control of
malaria. The first survey was carried out in July 1944, before the commencement
of malaria transmission during the year ; the second in November-December of
1951 at the end of the transmission season.

Kutch State has 4 total arca of over 7,000 sq. miles, {t is pracucally an
istand with sex on the west and south, and is cut off from the mainland on the
north and east by vast salt marshes, known as the Rann of Kutch.  Bhuj is
located in a hilly area (340 feet above sea level) in central Kuich. The popula-
tion of this city was 20,000 in 1941 and has since gone up enormously due to influx
uf people since partition of the country., The 1951 census recorded a population
of 30,000 for the city of Bbuj.

o]
[
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Tapre 1.

Malaria cases in Bhy.

MesihiYear. © 1BET 0 1023 1943 Joad 1945 , 1948 1 Yo5T 1948 1949 W5
tanuary . BB 339 584 ez A72 ‘E“""?J 3“4;” 125 o6 . 833
Vebruary .. 430 ; s 536 960 ' 0% 5271 42 ', 379 J 300 b
Mareh Ik ; 02 1 Mo BIS RKG . 474 ' 41 ' x56 808
April o 5 4 ‘ B9 _5 Ko - 78 : 420 407 413 347 TS
May 441 ] 431 } 826 039 f 948 5 442 [ REEY 386 1 360 7R
Sune . 289 E SR Popun 1 855 % 390 f, A4 a7 ‘ KR e
fuly o3l et 3e o Res o 18600 ase | s 381 0 3T %
\aguet PR R 1 Ale g1 09 ‘ 8| am oA w2 s
Sepiember 495 t 430 631 | LA04 © 9is |[ 615 {2 A8 AT ;1645
Octolwr .1 500 ' 847 ' B ' 815 1,100 | apZ | 468 410 0 2,18 | 2548
November . | G4 | 1,007 ' 2,501 1,200 : TR FCR Y 286 J 3393 2,171
December L 364 i ! } :[ 1,502 ; 713 ; J0R 637 ; 28 , 1,304
Vearly totat .. 5,-341'3"8"-,77 n w{;' 12,529 1o, Tlf{'iwiﬁ"f""i;ifii' o Croaas Dizeo
: ! A : i ;

About 5,000 t0 13,000 cases of malaria are treated every year in the hospital
al Bhuj.  Table | records the number of cases treated monthly from rg41 0 1g50.
1t will be seen from the table that 1941, 1942, 1946, 1947 und 1948 were the
vears during which the number of cases treated was low while the figures for the
vears 1043, 1944 ,1945, 1949 and 1950 are considerably high. Tt was not possible
o ehictdate any refevant causes for the difference.

Analysts of the monthly hospital figures reveals that in the years of low
incidence {1940, 1947 and 1948}, there does not appear to be any month during
which the incidence is markedly higher than others.  But during the years of high
incidence (1943, 1944, 19435, 1049 and 1950), there appears to be a marked increase
in the number of cases during March to May as well as August to December,
1 would, thercfore, seem that in the area there are two well defined malaria
SEASONS during a year, namely March to May and August o December, which
are favourable for increased malaria transmission during some years and not so
Jduririg others.  The plausible causes {or such an occurrence are not clear from the
survey, but they are possibly dependent on rainfall and sther meterological condi-
HORS.

‘The spleen rate and the average enlarged spleen in the different sectors of
Bhuj City varied from 18 to 35 per cent, and 10 to 7 c.m.. respectively. These
figures are compared with those obtained in 1938 by Afridi o af. (loc. vt} in
Table 1T, Between 1948 and 1950-5t, both the indices have shown an increase,
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Resulls af ipieen surveys of Bhuy.
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Table 11 records the parasite rates determined in 1949 and 1950 from the
Before the commencement of autumnal trans-
mission, the parasite rate was one per cent while lowards the end of the transmis-
sion pcrlod it rose 1o 25°6 per cent und varied from 17 to 59 per cent in the different
B()th P. fulciparum and P. vivax were encountered and the former
was considerably more predominant than the latter,
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Seven species of adult Anopheles mosquitoes were caught from houses and
vatiesheds during the survey. They were :

A. amnularis A. stephensi

A. barbirostris A. subpictus and
A culcifacies A, turkhudi

1. flusratilis

A\ large number of culicines including . Jdes zEg)pti were faund.

During the survey under report, 171 specimens of female Jd. cwficifacies,
tq5 ol A, stephensi, 188 of 4. subpictus and 27 of A. annularis were dissected, but no
sut or gland infections were cncouniered. However, Afridi, e al. iloc. i)
reported 3'2 per cent infection rate in A, stephenst.

Mosquito Dbreeding places in Bhuj fall under the following categories—-
tanks including ornamental water volleetions, storm water channels, soakage pits,
Boreawpits, domestic water collections lke storage tanks and cisterns, surface
wells in use as well as those abondoned.  Both anopheline and culicine mosquitoes
were found breeding frecly in afl the wbove types of breeding places. Amaong the
tanks and garden ponds, however, a few which were stocked with gambusia fish,
were free from mosquito larve. 472 wells were examined during the survey and
iy most of them Culex and A, stephenst larve were found.

The construction works at Kandla which are in progress have given rise to
« furge number of potential mosquito breeding places. A rapid recomnaisance
survey of the Kandla port area gave the impression that malaria s a considerable
problem in the area.

The State budget for the yeur 1951~52 was Rs, 25,000/« for malaria control.
With the limited resources, it was only possible to commence malaria control in
the city of Bhuj and ity immediate surroundings.  Based on an approximate cost
of eight annas per head per year, it is estimated that Rs. 2'5 lakhs a vear will be
vequtred for a state-wide malaria control.

Under the Nationa! Malaria Contral Plan, one hal of a standard malaria
witit has becn sanctoned for the State in 1953-54 and the operations have
commenced. It has already been stated that Kutch is virtually an istand. It
will, therefore, be of interest to explore the possibilities of total eradication of
mataria from the State.

'The author is grateful to Dr. K. T, Tasker, Chiel Medical Officer of the
State, for his help during the survey,
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FIELD TRIALS OF NIVAQUINE, CAMOQUIN AND RESOCHIN
AGAINST HUMAN MALARIJA,

Y
G. PDUTTA,
{Sale Malaria Officer, Assam},
1 PRADHAN
AND
S. K. BHATTACHARJEE.
{ Malaria Institute, Shillong.)

L Sepemiay 30 G4,

PLAN OF TRIALS,

NivaQuine and camoguin were supplied to diflerent dispensaries in the
districts of Sibsagar and Goalpara for wrials on patients suflering from malaria
and were administered by the Medical Officer in charge of the respective
Jdispensaries under the instructions of the authors, whereas resochin was tried on
patients either stationed at or coming in Shillong and was conducted alq.he\
Malaria Institute, Shillong, under the supervision of the authors. :

Blood stnears were taken from all the fever cases, and those showing malaria
parasites in their blood were administered different antimalarials in different doses
according to their age, weight, etc. Thereafter blood smears were taken afier an
interval of every 24 hours (o determine the time taken for the disappearance of
parasites from the blood. Concurrently, the time taken for the disappearance of
the clinical symptoms was also recorded and was based on remission of temperature,
All the cases were kept under observation for a period of two and a half months
tu three months.

29
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The following observanions have been recorded.
NIVAQUINE,
Nivaquine tablets o2 gm. each were administered to g6 patients out of

which 24 had P falciparum, 54 P.oivax and 18 wmixed P.falciparunt and  P.oivax
miections,

fasages. -
First day .. Six tablets in three divided doses alier every )
cight hours. { i
. . Adulr dose,
Second day ...  Two tablets single dosc. :}Adu dos
Fhird day ... Two tablets single dose. ]

I'his was Jollowed by two 1ablets every week for a period of five weeks.

Results.--There was complete clearance of parasites {rom the peripheral
blood in majority of the cases within 24 hours, and in all cases within 96 hours
irrespective of the species of malaria parasites involved (Table T).

In the majority of P. visax and the P. faleiparum cases, the clinical symptoms
disappeared within 48 hours and in the rest within 72-96 hours. In the mixed
P. vivax and P. falciparum infections, majority of the cases becasme free from clinical
sympfoms within 24 hours, and the rest within ¢6 hours (Table IH).

Twelve P, vivax, one P. faleiparnm and five mixed infection cases had relapses
within a period from 7 to 14 days. Five P. vivax and one P. falcifarum cases did

nor vespond to this drug and had to be treated ultimately with quinine and
paludrine.

Tasre 1.

Fflect of nivaquine on parasite clearance.

i

PARASITE CLEARANCE LN HOURS.

Species of __ e e = = e Faotal Remarks.
sarasites, 24 hours, | A8 houres, [ T2 hours. | 896 hours. : No respanse. | :
- i NP T Tt R R TR — U ; M e eman e —— e
P falcipamne | 94 m L b3 b | 24 | One redapsed after 14
e S e Doy, @y | davs (4] per cent}.
) i | - !
P isax : 23 i 1L i 11 : ¥ : 3 Doa {12 relapsed within 3
Doy oQuesy (2401 RS SN ( D)) “ta 14 days {222 per
i . i i i " gENT).
Mixed | . ; :
B, fa!cipqmm | 6 JI 6 ; _:i ) 3 : 1R 5 relapsed within B
and P. mvax {332} i {33-2) i {167 4) {16-4) I . ¢ duys (2T'7 per cent),

Iigures within brackets indicate percentage.
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Vaurge 1L
Fffect of mivaguine on clearance of clinical symplams.
CLEARANGE OF CLINICAL SYMPTOMS TN HOURS, .
SPOCIny Of | rrsee rm o my e e Lt Remarks,
parvasites, 1 24 hours. | 43 hours. I 72 hou 4 hours, No response |
Pfaleiparn | £ L ga b2 a0 2
D6 § (6278 HT) ReT) 42
B avax it . 32 ; B 5 a4
204y | (39°2) | (U (43}
!
Mixed . i :
P falciparwm - 12 : 1 : i t i
and P, vivax TCC G R +7 S5 A TR € ) W ¢« N9
e i . . - e -
Figures within brackets indicate pereeniage.

‘Thirty-onc patients were put on camoquin out of which seven showed P,

CAMOQUIN,

Salciparum, 20 P. vivax and four mixed P. falaperum and P. vivax infections.

Dasages.—-All the P. falciparum, 13 P. vivax and 2 mixed infection cases were
given a single dose treatment of three tablets each and the rest of the P. vivax and

By

The results observed in both these regimes were the same.

Results,—-In majority of the P. faleiparum and P. vivax cases, there was com-
plete disappearance of parasites trom the peripheral blood within 24 hours and

in the rest within 48-72 hours. In the mixed infection cases, this occurred within

48 hours (Table I

TapLe [iLL

Effect of camogun on parasie clearance.

mixed infection cases werc given three tablets in three divided doses in a day.

Spevics of

24 hours.

PARASIFE CLEARANUE IN THIURS.

4% hours.

parasites. } 72 hours,
_____________ PO A, ; e { e
P falciparum | 4 ! 3 ; :
(37°1)  ; {42-8) ‘ !
P ivax fir ?_ 8 i 2
ey @00y T (s
Mixed ' 1
P. faiciporum 2 i 2 !
and P, pivax | {51} @Bu-ay
: ;

Figures within brackets indicate percentage.

i

Rl LG X1

{ 46 hours. Na response |

Hemarks.

-4

iy

| ¥ retapsed within 18
s o 17 days. {0}

1
t
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There was disappearance of the clinical symptoms in majority of P. falsiparum
and P. rivax cases within 48 hours and in the rest within 72 hours, whereas in the
mixed infection cases, this happencd within g6 hours {Tablc 1V},

Fwo P. pipax cases had relapse within 16 to 17 days.
Some of the patients taking the drug complained of loss of appeiite and feching
ol vheasiness,

Tasie IV,

Effect of camoquin on clearance of clinical symploms.

CLEARANCE OF GLINIGAL SYMOTUMS IN HOURS. :
Fpeties of | s it e Filal, | Remarks,
narasites. 24 hours. | 48 hours. | 72 howrs, i 6 hours. | No
| [ response, ;
S _ . - o
P falciporums ... 2 1 a3 L o» o] 3' T
Do2805) | (42R) c (38°5) ! -
H vdnax s T ! ) i ] | i il ;
N EY { (p5-) § (1670) | ; ; ;
| - ' s i
Moxed ; ! ; : : ; ;
P falciparum } ] 1 ! 1 i i ] | :‘
and Povivax © (25:0) | (28-0) ! @a0) | (2500) | ;
i ! : i ‘ C e -
RESOCHIN,

Altogether 100 patients were put on this drug [lablets, cach ol o1 gm.
hase} during a period of 18 months.  As it was decided to administer this drug by
rwo diflerent methods, i.e., the usual ten tablets in three days and the single dosce
method, these patients were divided mto two groups,

Group 1.—There were 6o patients in this group out of which 30 had 7. falca-
parum, 15 P. vivax and 15 mixed P. faleiparum and P. vivax infections.  Gametocytes
were found in t7 P. falciparum and three P. vivax cases.

Dosages.—

First day ... Six 1ablets in three divided deses alter every eight hours.
Second day ... Two tabless.
Third day .. Two tablets.

Followed by two tablets on same day of the week Tor a period of five weeks.

Results,—In majority of the cases, there was complete clearance of parasites
iroin the peripheral blood within 24 hours irrespective of the species of parasites
invalved.  In the rest of the cases, the peripheral blood became negative within
46 hours in P. falciparum and P. vivax, whereas in mixed infections the blood was
sree of parasites within 48 hours {Tuble V).

The clinical symptoms also disappeared in majority of the cases within
24 hours, and within 72 hours in the cases of P. faleiparim and P. vivax, and within
48 hours in the case of mixed infections (TableVi).
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Gametoeyies disappeared within a6 hours in all cases, most of themn within
48 hours {Table VII). Few cases complained of prurits,

Tasizg V,

Effect of vesochin {divided doses mehod) on parasite <ltarance.

PARASIVE CLEARA

MLE TN FICSLIHS.

species of e omen g - 4 d— oo e Retnarks,
parasites, * 24 hours. | 48 hours. | 72 honrs. P98 hours, | No  Total.
: i H fresponse,
P falciparom . | 8 ! 4 ! 2 E 3 -
[(2606) 1 (33§ (g8
; : i
P. rivey I i, 2 2 15 . *One relapsed on
B3 1 (200 {ig-3y & (R-n) _ the 14th day,
: : ! |
i i (A,
e ! :
P faleiparam HI ] i | I
el P, vivay Jithr &) (-3 : ‘

Figures within brackets indicate percentage.

*{he case was pul on single duse method and there was complete clearanee of  parasites
fean peripheral biood and clinical symptoms within 24 hours and therealter he had no relapse
during the period of chservation.

Fffect of

Fapre Vi,

resochin [divided doses method) on clearance of clinical sympioms.

CLEARANGE OF GLINIGAL SYMPIOMS IN

LOURS.

Npeties of oo foo B — ST R . Remarks,
varasites. 24 hours. | 48 hours. | 72 hours. | 98 honrs. No Total.
: ' ‘response,
P. falciparam ..} 1% 10 2 l 2
Eoteo) (333) | (6w
P ovarax ] 3 3 : I3
R 1 a3 {2000} i {0} i
: ! 1
Mixcd : |
P. falciparum i (H . i3
and P, gfrax (00 1 {40 -8} : 1
' : i e - e

Figures within brackets indicate pereentage.
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Tapre VI,

Effect of resochin (divided doses method} on gametocyle clearance.

i GAMETOGY TE ULEARANCE IN HOURS, 1!
Species of T el Remarks,
parasites. i hours, 48 honrs, 72 hours. [ 86 hours. | Potal. |
P U Jp—— e ] e e e e e e s e e et Ar— e
P, fadciparem .| 4 8 A N T
T2 Gy 0 (7 (LT
I oot 2 i ; 0
(G- ) | (33033
]
I

Figures within brackers indicatc percentage.
traup H.-—There were 40 paticnts in this group out of which 20 bad P,

taiciparuem, ten P, vivax and ten mixed P. falctparwm and P, rivax infections.  There
were ten P, faleiparum and five P. vivax gametocyte carniers.

Dosages.—Fach patient was given a single dose of three tu {our tablets
totlowed hy one tablet on same day of the week for a period of five weeks.

Results.—In P, falciparum cases, the clinical symptoms disappearced within
24 hours and the blood became negative within 48 hours,

In P. vivax cases, both the clearance of the parasites from the peripheral
hiood and the disappearance of clinical symptoms occurred within 48 hours.

In mixed infections, the blood hecame clear of parasites within 24 hours and
the clinical symptoms disappeared within 48 hours.

Gametocytles disappeared within 48 hours in both £. faleiparum and P. mpax
infeciions.

Tame VIIIL

Effect of resochin {single dave method) on parasite clearance.

i H
_ ! PARASITE CLEARANGE IN ISOLRN, :
Sprows of parasites, [ e e e ; ! -0 Remarks.
i Dosage 24 haes. I 4R hours. ! Total |
S et g im—— o ———— — hmmiw e e s W aeada
. ,
P. falciparwm v | 3 tablets 5 w5
i B 2 A {66 65y
© 4 talileds k] 4 i
ORI {4013 .
Ponieax L 3 tahles 4 1 : E
i L) (g :
oA tablos J | I i 2 |
: {3040y (B00) | :
: ! i
Mixed D8 raldets 7 ! 7 1
P, falciparum and P, EERLL LY ;
vipax ; : 3
4 tablets ; (M0} 3

Figures within hrackets indicate percentage of cases,
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TasLe 1X.

Lflect of resochin (single dose method) on clearance of clinteal symploms.

i ; .

FCIEARANCE OF GLINICAL SYMPTOMS 5

_ iN HOURS, i

Specaes of pdrasites. Dosage, e - ; 4 Remarks.
" M hours. | 48 hours. | Tatal. :

P. falciparum we | & tablets

E 15 T
! Loy ! i
) b ; ! ;
4 ablety ) i . 1 I
- J ey i
P swes s 3 tablets _J¢ 1] : 2 : N
Pogrnee) 0 (2se0)
1 : 1
1 tabiets | ¥ i 1 4
: Do{leneny | ! !
Mixen) . B ralles T ; 7 :
P. falciparum and i PRSI (I :
P rivex : ;
1 tablets ° 2 : i : 3
T RS £ P :
i i

Figares within brackets indicate pereentage of cases.
Tapre X.

feffect of resvchin {single dose method) on gamelocyle clearance.

GAMBTDOYTE CLEARANGE IN HOURS,
Apecins of parasites, Pasage. 1o : ' Remarks.
21 hours. f 48 hours. 5 Total. !
P. faleiparem ... : 3 rablets. 4 ! 1 ] 8
: (- 1 B0y !
"4 tablens 2 i g
: (100) | :
oy L I AT b 3 i 1 : 3
' {o(anea) {33-3)
"1 rablets | T |' ! . 2
Lo{Aneny G (30-0y

Figures within hrackets indicate percentage of cascs.
IMSCLSSION,
Al the three drugs were very prompt in their action,  Taking nto account

all the cases, the parasite clearance was attained within 24 hours in 484 per cent,
within 48 hours in 7g-0 per cent and over go per cent of the cases within 72 hours.
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Taking the parasite clearance within 48 hours, a comparative observation of the
three drugs is given in Table XI below :—

Tasre XI.

Comparative observation on the effect of nivaquine, camoquin and resochin on
parasite clearance within 48 hours (Per cent).

z 1
syecies of paragites, | Nivaquine. Camequin, i Resochin,
| r——
P. falciparum 80-0 100-0 | 800
P, vivax .. ] 664 90-0 i 733
“ixed i 5
P. falcibarum and P, l‘ -4 FHICAR L] : 113 -0y
wivax ] i

The ﬁgﬁres indicate i)t:r.ccnt;;gc.;)"i: cases.

¥From the parasite clearance achieved within 24 hours, it appears that all
the three drugs are equally effective against P. faleiparum; camoquin and resochin
a bit superior against P. vivax, and against mixed infections resochia appears to
act the best,

Relapse rates were 187, 624 and 1°6 per cent under nivaquine, camoquin and
rusochin, respectively,  The one case of relapse under resochin reacted very
favourably to the single dose method and had no further relapse during the
perind of observation (three months).

‘There was no response to nivaquine in 625 per cent of cases and these had to
e treated with other antimalarials. On going through records of the cases,
it was found that all the six cases (P. vizax 5, P. faletparum 1) who did not respond to
nivaquin but did so under quinine or paludrine, were children below ten vears
uf age and it Is very likely that the drug was vomited out soon after administration,

Some of the patients complained of pruritis, loss of appetite and feeling of
uncasiness aiter administration of resochin and camogquin but these symptoms were
not as serious as to warrant discontinwance of the treatment.

Ay regards gametocyte clearance, ne comparison could be rpade between
the three drugs as there were ne gametocyte carriers under the regimes of nivaguine
and camoquin. Resochin acted very effectively, the gametocyte clearance being
achieved in majority of the cases within 48 hours.

The single dose method of resochin gave very encouraging results. The
following table shows the results obtained within 24 hours and 48 hours as com-
nared to camoquin,
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Tanre XIL

Comparative observation on the ¢ffect of resochin (single dose method) and camoquin
on parastle clearance. (Per cent).

1
i PARASITE CLEARANCE WrEHIN 24 PARASITE CLEARANCE WETHIN 48
Species of i HOVRY. HOURS.
parasiles. : ! e e vmemeornn e e S S VS S —
Camoquin. ! Resochin. Camoguin., | Resoclin,
T .,_;-. R ..,._......._—_..._,__.,__%._,_.,. —— |
b falcipann .. 57+ ! 400 60 | W0
P, vivax v 504 ' Hrdi weo ; U]
! [ :
Mixed i :
P, falciparam | 5040 % 1000 v HHb &
and P. vivax i ; i

The figures indicate percentage of cases.

The disappearance of clinical symptoms under single dose resochin was
within 48 hours in all cases whereas under camoquin it was within g6 hours.

SUMMARY.,

‘The authors’ findings show that all the three drugs have marked effect on
the erythrocytic stages of the malaria parasites under review. Unfortunately no
P. malarie cases were encountered and so no ohservation could be made against
this species.

The best results were obtained with resochin, next camoguin and then
nivaquine.

Resochin single dose method has given the best results compared even to
camoquin, and this method is to be reccommended.

No observations were made as regards the value of these drugs concerning

mass clinical prophylaxis and it would be interesting to study and record the
finding on this aspect.
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A SIMPLE BIOLOGICAL METHOD OF TESTING THE
TOXICITY OF RESIDUAL INSECTICIDES.

BY
M. K, AFRIDI,
M, A Y. HUSAIN,
8, H. NAQVIE
AND
ABDUL MAJID.
‘Matarta Twiitule of Pakistan.
CAugust 18, 1954
INTRODUCGTION,

oty mow genvially recoguised that chimatic conditions may modify the
effects of a residual insecticide to the extent that an assessment of its toxicity in
one place may not be applicable to another.  1Uis therefore essential that Jocal
srrangements should exist for assessing the duration of toxicity of such insecticides.
Since the need for these tests usually arises in countries which are under-developed
and where elaborate mechanical devices are not always availuble, it is particularly
important that the testing method be simple and cheap.

Keeping the above objects in view, experiments were started in the Malaria
Institute of Pakistan towards the end of 1948 and were continued through 1951
when an appropriate techuique was developed which forms the subject of this
paper. Jn the course of these experiments, much uselul data was collected on
the relative efficacy of DLDUT. and B.H.C. which have been awvalysed and is also
mresented In this communication.

Samewhat similar mechanism of testing residual 1oxicity of insecticides was describad by ¢
-} Tehnical Bepartment Esiablishmem Taboratory, Kanpur. (Tech. Repr., 1928).
‘¥ Simmons ¢f af. {1813) Supplement No, 186 10 Pub. Hith, Rep. Washington, pp. 3-20).

Eiatise.

fods

.



230 Testing the Toxicity of Residual Insecticides.
I. MATERIAL AND METHOD OF TEST.

-} Preparation of wall area—~The sucface of the walls both inside a room
and in a verandah is marked off, 4 feet above the floor, by a black painted border
ane inch in width, taking care that the enclosed space is exactly one square foot
iPlate IX, Fig. 1),

The surface of the square may be plastered with mud, lime wash, cow-dung
or any other material currently used in the local houses. Alternatively, thatch,
matting. or bamboo and wood surfaces may be fixed to the squares and tested.
Plate TX, Figs. 2 and Plate X, Fig. 1}.

(b} Spraying of the prepared square.—Using a De-Vilbiss sprayer, the prepared
square 1s sprayed with the insecticide measured accurately to give the desired
dosage per square foot. To ensure a uniform spread of the insecticide, trial
sprayings with plain water arc practised on a square set apart for the purpose.
In case of a strong wind, a wooden box 14 % 14 inches and 6 inches deep s placed
on the square to prevent the drift of the spray (Plate X, Fig. 2).

{€) Exposure chamber.— This cunsists of an ordinary glass funnel three to five
inches in diameter with its stem cut off. The {unnel is held against the sprayed
surface by rubber straps (salvaged from discarded cycle tubes) stretched between
nails projecting from two wooden strips nailed to the wall oo cither side of the
square. Funnels made from perforated copper, zinc and iron of different sizes
were tried to see whether aeration or the size of the chamber affected the results
of the tests, This was not, however, found to be the case and a glass funinel was
ultimately selected because in it the reaction of mosquitocs ¢an be readily studied
and bhecause the mosquitoes are disinclined to rest on its glazed surface.

‘d}y Introduction of mesquitoes intu the exposure chamber-——A batch of ten laboratory-
bred 24-hour-old female mosquitoes is introduced into the funnel by means ol a
catching tube and the time of introduction noted. A match stick, passed through a
smal} hole in the rubber strap, (Plate TX, Fig. 2}, effectively dislodges any mosquito
that may attempt to settle on the glass surface, thereby ensuring its continuous
contact with the sprayed surface.  Actually, most of the mosquitocs preferred to
rest on the wall rather than on the slippery glass surface and it is only the odd
specimen that had to be so dislodged.

When a pre-arranged proportion of the mosquitees 15 knocked out, the time
is again noted and the batch transferred to clean ** Observation hetels 7 to deter-
mine the mortality counts after 24 hours.

(¢) Observation hotels.— These consist of small glass lantern chimneys placed
un an enamel dish containing a picce of wet lint.  The upper opening of the
chimney is closed by mosquito-proof netting held in position by a rubber band
or a tin ving. For food, lint soaked in glucose solution or moistened raisins are
placed on the top of the nefting.

{} Precautions.—(1} Pessons engaged on testing work are not allowed to
vome in contact with insecticides.
 {2) Those working in the insectariumn are similarly debarred from handling
any of the equipment etc., used in the testing section,
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i3) The inscctarium itself is located at as sale a distance from the testing
section as possible.

{4} All contaminated apparatus are cleaned and washed with kerosine
oil, then with soda and finally with soap and water and thercafter stored separately.

{3) With each experiment a control is run on an unsprayed square.
1. ASSESSMENT OF RESUILTS.

The obvious advantage of this testing procedure is that the sprayed surface
remains exposed to the atmospheric climatic changes as wcll as to the weathering
effect of breeze under natural conditions, Secondly, multipic vartables can be
mntroduced in the tests and run simultaneously.

For the proper evaluation of the sprayed surface, however, a standard has
to he set.  In the earlier tests, mosquitoes were exposed daily and the time taken
to secure a knock-down of 50 per cent of each batch was determined. The maxi-
mum period of exposure allowed was six hours. The exposed batch was then
nbserved for 24 hours for mortality rates.  The adoption of this standard, however,
yielded results which fluctnated from day to day. In latter tests, therclore, the
standard adopted was to determine the number of weeks during which exposure
up to a maximum of two hours gave 100 per cent knock-down and a 100 per cent
mortality in 24 hours. Such exposures were made once a week.  Minor variations
were observed cven with this methad of assessment but, on the whole, the results
vbtained were fairly consistent and clear-cut,

Basing analysis on these two standards, the results of observations carried out
under the climatic conditions prevalent in Karachi on the efficacy of D.D.T. and
B.H.C. are reproduced in the following paragraphs.

{1} On the customary surface of lime plaster on cement, the solutions,
emulsions and suspensions of D.IDT. and B.H.C. rematned effective against the
local species of anophelines for the number of weeks shown in Table T ;—

Taser i,

Effeci of solutions, emalsions and suspensions of D.DVT. and B.H.C, on
customary surface of lime plaster on cement.

i . % Suspension of water-
Sodulicon. o Emulsion in water. !

dispersible powder in
Deose por in®, | water.
e PR I i J—
Varandah. % Raom, LVarandah. ! Room, %\,’ arandah, | Room.
D.D.T. 1g. o Bweeks, | * | Sweeks. | 5 weeks | 8 to0 10 | 14 weeks.
; ; i E weeks, |
: i ! !
BH.C. 0t g of ! : f :
gammaisomer .., §week. 12603 | Y week | 2 weeks: ) week (B lo?
3 [ oweeks | i i i weeks
! : L3 B

*Data incomplele,
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Fhe superiority of suspensions te solutions and emulsions on this type of
surface is well brought out in Table 1. [t should, however, be mentioned that the
test emulsions were locally prepared with gnm and resin and not with a high grade
emulsifier such as Triton. This perhaps explains the unusually short residual
effect of this formulation.

{2} The effectiveness of the water-dispersible powder of DLIT, at the rate
of t g per m? (100 mg. per squarc foot) on different types of wall surfaces based
an 100 prr cent knock-down standard, i shown in Table .

Tanry L

Effectiveness of waler-dispersible powder of D.D.T. of different tvpes of
wall surfaces.

. T Pure coment 5 ‘Fhatchimg ‘ Mud plaster, or

: Mauling ~ plaster, split material vomnud and cow-

: © Lamboo or wond dung plaster
e eI R e i e R 1 e ot 1 e e e
Room i 2 weeks ! 20t M weeks 9 weeks fl 3 wonks

;' H i
Varandah b weeks FEbo 33 wocks - B oweess |3 te i oweeks

In the case of B.H.CG. applied al a dose of o1 g. of gamma isomer per m?
. 15 ng. per square foot,) the toxic effects lasted less than one week in the varandah
whereas inside the room it was uniformly effective for two weeks on all surfaces
except mud and cow-dung plaster where ifs toxicity Jasted three (o four weeks.
3.H.C. was thus apparently more cffective on absorbent surfaces than on the
non-absorbent ones whereas from Table IT it will be seen that VDT, had the
opposite tendency being more cffective on non-absorbent sucfaces,

(3} The duration of the residual effect of the varying dosages of water-
dispersible powders of D.D.T, and B.H.C.. ont lime plaster, against local anophclines,
ts shown in Table 111

TapLe 1IE

Duration of residual effect of water-dispersible powders of DT, and B.H.C,
an lime plaster.

7
Dase per m? : R E Varandalh
’)1)_1“5%“.“ e ', s P
g : Mo, Ly "
20 g, i 0o, R,
BH.CG 0033 g oof gamma isoney 2 . E ¢ woek
H-166 g, of gamma isomer ; i 2w 3 weeks { 1 wrek
-1 g, of gamma isomer . ‘; 0¥ r { 1o 2 weoks
! .
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In this oy well s in the rwe preceding series, although the residual effect of
DLDY. lasted longer than of B.H.C, the knock-down effect of the latter was
significantly mwore rapid.

{4) Compared with anovphelines, the culicines proved extremely refractory
o the action of DT, Thus, at a dose of 1°0/g. per m?* it took more than four
howrs exposure to secure 50 per cent knock-down and 83 per cent mortality inside
the room in the very first week of spraying.  These results gave rise (0 the suspicion
that the local culicines might have acquired resistance to 11LD.T. following the
cxtensive spraying operations which had been carried out in Karachi in war
vears.  To climinate this possibility, tests were repeated on culicines bred from
pupa: collecied from the interior of Sind where no previous D.DUT. sprayings had
been carried our. These specimens proved equally resistant,

B.H.C. on the other hand was fairly effective against culicines in that at a
dose of or1 gm. ol gamma isomer per m*, 100 per cent knock-dewn oceurred in
35 minutes in the first week and in onc and a hall houry in the second week with
100 per cent mortality,  In the succeeding three weeks the exposure time rose to
4 hours 45 miowtes but the mortality continued at 100 per cent.  In the sixth week
mortality fell down steeply to g0 per cent while in the ecighth week it was nil even
after 6 hours” exposure,

The quick knock-down cffect of B.H.C. and 1ts special lethal action on
calicines was (aken advanlage of by mixing #t in equal propertion with D.D.T.
for se as a general sanitary insecticide, which gave excellent results in the spraying
ol refugee cologies in Karachi, during 1949 and 1950,

5} In an eflort to determine how far the short palpi of culicines contributed
10 their excessive resistance 1o DLDUT., tests were made o a batch of 4. subpicius
whose palpl bad been amputated.  This operation did noy, however, lead to a
significant decrease in the susceptibility of 4. subpictus, showirg that the differential
reaction of the focal species of anophelines and culicines to 1D.D.T. was oceasioned
by some factor other than the diffierence in the length of the palpi.

SUMMARY,

ro A simple and cheap method of testing the toxicity of residual tmsecticides
is descrihed in which walls exposed to natural weather conditions are utilized, The
results of such tests, therefore, closely approximate those expected under actual
fictd conditions,

2, The testing procedure can ceadily incorporate a variety of variables such
s the diffierent types of surfaces, varying dosages and formulations of insecticides,
and the different genera and species of the focal masquito fauna.

3. The invesiigations carried out in Karacht into the relative efficacy of
D.12.7. and B.H.C. inter alia showed that although the residual cffects of D.D.T.
fasted much longer than those of B.H.CL, the latter had a quicker knock-down
effect and was a more potent toxicant 1o the cenlicines than DDVT.
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OBITUARY
BRIGADIER GENERAL JAMES 8. SIMMONS.

Trk Journal records with decp regret the death ol Brigadier General James
Stevens Simmons (U.S. Army-—retired), Dean of the Hurvard School of Public
Health, at the age of 64, at Hartford, Connecticut, alter a lifetime devoted to
military and civilian health,

General Sinunons was born on June 7, 1890, in Newton, North Carolina
(LL.5.A.), graduated from Davidson College, in 19171, got hiy doctorate in medecine
from the University of Pennsylvania, School of Medicine, in 1915, Ph.D), from the
George Washington Schoof of Medicine, in 1934, and doctorate in Public Health,
in 1939, from the Harvard School of Public Health, 1In 1937, Davidson College
conlerred on him the honorary degree of 12.S¢, and later he received similar honorary
degree from Duke University, University of Pennsylvania, Marquette College,
the University of North Garolina sand Harvard University.

General Simmons underiook several important asignments in his army
carcer, During World War I1, as Chief of the Preventive Medicine Service,
Office of the Sogeon General, he was responsible for preventing sickness and acci-
dents amonyg the U.S. armics constituting ninc million officers and men,

His outstanding services worn many honours including * Sedgwick Memorial
Medal for Distinguished Service in Public Health® from the American Public
Health Association. After go years of Army Service, General Simmons retired
to become Dean of the Harvard School of Public Health,

His work at the School was also recognised with honours. In 1948 he was
awarded the James D. Bruce Memorial Medal for outstanding achievement in

reventive medicine at the annuval convocation of the American College of
ghysiciami, San Francisco. He delivered the annual Gharles V. Chapin Oration
at the 1415t mecting of the Rhode Island Medical Society in 1952 and received
in the samc year Chapin Medal, which is awarded by the City of Providence for
outstanding contributions in the ficld of Public Health.

As a consultant in Tropical Medicine and as a member of most important
national health associations, General Simmons always worked for an increased
public and privatc awareness of the henefits to be derived from providing more
attention to preventon of discase. He always maintained that the objective of
Medical Science should be the prevention of sickness in the service of human life.
Towards acceptance of this concept, he appeared several times before congressional
committees considering Government aid to Health Education and madeinnumerable
speeches and wrote several scientific papers.
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Very recently he undertovk a round-the-world tour with a colleague trom
the Huarvard Schooi of Public Health and exchanged ideas with health leaders in
ten Furppean and Asian Nations in pursuance of a long-vsualized plan for esta-
blishing: what he termed a * Bridge of Health’ hetween the Harvard School of
Public Health and an Asian Institution interested in exchanging studznts, faculty
members and ideas on a long term basis,

He was edior-in-Chiel of 4 Fistory of Preventive Medicine in World War and,
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A WRITTEN SYMPOSIUM ON PLASMODIUM BERGHEI
VINCKE AND LIPS, 1948.

Introduction.
Huy

Lisur.-Coronst JASWANT SINGH, s, choa Bdmdd, ooear. i Engll,
n. .M & H.{London:.

rector, Malaria Bsitbede of India, Delfn.
Hrecomber 3, ML

THr discovery by Vincke and Lips of a new Plasmodium, namely, berghe:,
in 1948, followed by an announcement that mice and rats were susceptible to it,
wis most enthusiastically received by all malaria workers.  These rodents which
are easily bred and handled, are well understood in the laboratory.  Experimental
malariology commenced with fresh vigour and during a period of six years, there
have been nearly a thousand publications on rescarch connected with malaria
due to Plasmodium berghei, which {rescarch) has proved to be highly useful in
oor studies in malayia,

The Expert Committee on Malaria of the World Health Organization at its
fifith necting at Istanbul in September, 1953, vonsidered berghel malaria as one
of the three items of considerable interest sn the recent saentific developments,
and emphasized on its special value in opening up fresh fields of research in malaria,
The Committee considered that the World Health Orgamization might well
promote the coordination of such research activities at the different centres in the
world.

The large volume of work on Plasmedium berghei has confirmed many of the
principles of human malariology alrcady known and has shown that, to a large
extent, the natural history of the diseasc in rodents is similar 1o that in man.

It would be appropriate to pause and critically take stock of what has already
been achieved and to formulate the fines of {uture work. But there appears to
be one difficutty.  The centres of rescarch are so widely scattered vound the world
that research workers can hardly meet in one place and discuss the problems at
jength. It is for this veason that a written symposiom on the subject was con-
wemplated and most of the workers engaged in rvescarch on  Plasmodium berghe:
were invited to participate. The response to such an invitation was spontancous
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and highty satisfactory. ‘The readiness with which a doyen of malariclogy, as
Professor Sergent, agreed to contribute, is an honour to the symposium. It is
by na means complete but a great deal has been achieved towards the fulfilment
+f vur objective,

The original articles written in French, have perforce been transtated and
nublished in Fnglish. Tt is realized that justice to the facile expression in the
original Tanguage can hardly be veflected in any translation. At the same tine,
the translations were necessary to serve majority of the readers of this Journal.
‘The publication of the French articles in ariginal was also not possible due to the
gon-availability of punctuated matrix at the press of the Jouwrnal. All the same
if is hoped that the original articks in this special Symposium Number of the
tournal will serve as a collective work of reference for a long time to come.

Documentation by van den Berghe of the discovery of the parasite by Vincke
and 1.ips, is fascipating.  One is reminded of many mcidents of ** mice and men ™
when he recalls the manner in which the discovery was announced ts the world,
Natural history of the discase among rodents and A. durent in the Belgian Gongo,
i» ably dealt with by Vincke,  The finding that as a result of clearance of the forest
gullertes, the rodents had been driven away and it became difficult 1o find natural
infection in A, dwreni, is a profound observation on the cpizootiology of the
disease.

Transmission of Plasmedium herghei by mousquitocs in nature, is dealt with
by Vincke. Bray summarizes persevering atiempts which have proved partially
successful.  These reviews bring out forcefully many aspects of the different strains
of Plasmodium berghet and its host parasite relationship with special reference to
gamatogenesis,

The current history of mosquito transmission of Plasmodium berghei in the
aboratory Js not without a parallel. A number of attempis to infect mosquitoes
with Plasmodium knowlesi {Sinton and Mulligan, 1932} from AMacacus mulatta
monkeys {accredited abnormal hosts), were unsuccessful in the past.  Mulligan
and Knowles {quoted by Russell, 1942) obtained cécysts in only one specimen of
AL stephensi out of 400 that were dissected after being fed on an infected monkey.
Russell and Mohan {quoted by Russell ef af., 1946) found sporozoites in a single
specimen of Aedes reginae led on an infected monkey. Further atiempts to infect
the same species and other mosquitoes failed. Indeed, the failure to transmit
P, kmowlesi infections through mosquitoes in the Jaboratory became so well
“ established 7 that standard text books record *. . . . mosquito-induced infec-
tons, not yer possible with P. knowlesi, are desirable” (Bovd, 194g), Thus,
or seventeen years since the discovery of P. knowlesi in 1932, determined efforts to
infect mosquitoes with P. knewlesi in the laboratory were not successful,  All
these years, the strain was maintained by blood passage in the faboratories,  And
vet in 1949 and 1950 fresh atrempts to infect A. stephensi and A. annularis with
P. knowlest were successful (Jaswant Singh, Ray and Nair, 1949 :1950). The
actual reasons for the early and consistent failures and later success in infecting
wasquitoes with P. ksowlest are not yet clear. A concurrent observation, along
with the successful mosquito transmission, was that the strain had lost its virulence
and was no more producing oo per cent fatal infections in Mocacus mulatta
monkeys, It would appear permissible to infer that prolonged passage of the strain
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through unnatural hosts was in some way responsible for the successiul infection
of mosquitoes. The high degree of geographical and host localization of Plasmodium
berghet pointed out by Bray, would also appear to be stmilar to that of P, knewlesi
which is confined to Malaya in irus monkeys.

Macgraith’s approach to the physiological and pathological processes in
Plasmodium berghei infections, 1s interesting.  His discovery of the effects of milk
diet in malaria has opened out an entirely new field of research en food require-
mients of the malaria parasites. Study of the nutritional requirements is essential
in understanding the physiology of the parvasite. A complete change in the
physiology of a strain of Plasmedium berghet resistant to suiphadiazine observed by
Jaswant Singh and collaborators, is also of interest. Among other things, it
illustrates that the degree of parasitism of Plasmodium is not total and is still capable
of adaptation to gross environmental changes, namely, complete lack of PABA.

The discovery of Plasmodium berghes has made it possible for the first time to
crically appraise the réle of host nutrition on the course of the disease in a
laboratory mammal. Ramakrishnan has reviewed his work at the Malaria Institute
of India. His studies on the course of infection in starved and semi-starved hosts
have brought out a clear cutl explanation of obscrved facis during the epidemic
of malaria during the last widcespread famine of 1943 in Bengal.  The noticeable
effect of poor nutrition of the host was reduced parasitemia and mild first attacks.
But relapscs in the under-nourished hosts caused greater mortality than in
well-nourished hosts.

The subject of inununology in Plasmodium berghed malaria has been reviewed
independently by Sergent, Raffiele, Fabiani; and jomtly by Galliard and Lapierre.
Immunity in malaria, being of the nature of premunition, it will be remembered,
was first cstablished by Sergent a few decades ago.  In his analysis of
the numerous investigations cn berghed malaria, he sces no cause to change his
concept of the mechanism of immunity in malaria.  He rightly points out the
fallacies in techniques generally adopted to prove radical cure of animals.

Raffiele has raised an interesting point ¢n the rile that age of the host plays
in inate natural tmmunity to infeciion.  The importance of further study of this
problem is siressed by him, Another important emphasis is on the paradox of severe
degrees of anemia in berghel infecticn despite the accredited preference of the
parasite to immature erythrocytes.  He also points out the greatly modified course
of infection in mice on milk dier and their survival {or greatly prolonged periods.

Smet and Frankie have shown that Cricefomys ensorget can acquire real
imaunity to Plasmodium berghei.

Fabiani has dealt with experimental investigation of the réle of endocrines
in malaria, a subject which has becn Jittle investigated in the past. His con-
cluding sentence, ““There is probably no other plasmedial species than Plasmodium
berghei which provokes so great a diversity of infecticn patterns in spite of the
untformity of immunoclogical reactions” emphasizes the scope for further study on
host factors in malaria.

Roy and Bose have dealt with the specific rale of estrogen w Plasmadium
herghel nfection.

Galliard and Lapierre have approached the subject of tmmunity from three
different angles, namely, its modification by biological substances, non-specific
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substances and antimalarials,  Particularly the last i of carrent interest as the
present day availability of antimalarial: to the malaria-siricken populations of
the world, is unprecedented.

Rodhain has established the specificity of the new parasitc Plasmodium vincket
by the absence of cross-impunity between it and Plasmodium hergher.

Greenberg and Goatney have dealt with particular aspects of immunity to
Plasmedivm berghed infections and have discussed the distinet rales of nature and
immature ervthrocytes involved in the infestation.

Covradetti and his co-workers have reviewed their own work on hose-parasite
velativnship of Plasmedium berghet infections and point out the direct relationship
hetween progress of infection and host response resulting in increased numbers of
imemature erythrocytes in the peripheral blood. Their studies on serum proteins
show a relative increase of gama-gloubins at the time of parasite crisis, They
are of the opinion that a true residual tnmunity of a high degree occurs in rats
aftey a spontancous radical cure. Such a true immunity has bheen unknown
heretofore in protozoal infections.

Schneider reviews the chemotherapy of Plasmodium bergher infections and
points out the usefulness as well as Hmitations of using the infection for purposes
of screening potential antimalarials,

When (he symposium was frst mooted, it was intended 1o civeulate the
vanwseripts to different pancls for comments. Unavoidable delay iz the receipt
of contributions have made it necessary 1o publish the papers in 2 Special Number
without the comments. Copies of the Special Number will now he distributed
and any comments received, will be published in a subsequent Number of the
fndian Journal of Malariology.

It is evident from the contributions to the symposium that hosts, their age,
sirains of parasites and methods, and terminology employed by different workers,
are not according to any set paltern. It would be ideal for rescarch if cooperation
setween laboratories could be extended under the overall direction of a committee
to furnish standard methods and material {or work (for instance, by the World Health
Organization FExpert Committec on Malaria). Such cooperative eflort may be
further reinforced by the maintenance of a roster of all institutions where work
oy Plasmodium berghei is carried out and by a quick exchange of reprints and reports
amongst them.  Some of these ideas may take time for implementation and
necessitate a certain reorientation in the existing and established methods prevalent
m the different lahoratories. But the results accruing from such changes may be
aut of all proportion to the effort involved.
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THE HISTORY OF THE DISCOVERY OF PLISMODIUM
BERGHEL

BY
LOUIS van ilen BERGHE,
(nstient pour la Recherche Scientifigue en Afrigue Centrale.
COcruber 19540

Tue author of this introdectory note has personal reasons to relate some
historical data of the discovery of Plasmodium berghei. 'The parasite has been
dedicated to him as a close friend of Dr. 1. Vincke but also because he had the
good fortune of following step by step the maost classical and, at the same time,
perfect example of biological rescarch and discovery.

Dr. 1. Vincke, after some filteen vears ol service in the Belgian Congo
Government in the many capacities of a health officer, a faboratory doctor, and
finally the Director of the Service d’Etudes ot de Recherches Anti Malariennes
‘§.E.R.A.M.-—a special service of malarial rescarch in the Katanga Province),
had developed a remarkable knowledge and wnderstanding of the biclogy of
Anopheles.  Much to his credit and as a real foumdation to his discovery of
Plasmodium berghet, he did not restrict his interest and studics solely to the sole
Anopheles vectors of human malaria.  As o medical man, he wisely thought that
the study of anv Anopheles might contribute directly or indirectly to our knowledge
of malaria and as an ali-round naturalist he maintained an equal curiosity towards
the ohservation of all species of Anopheles, no matter haw rare or how apparently
unimportant. Such was the case of dnopheles dureni the adult of which was dis-
covercd by Dr. Duren from the region of Mwela in Kwango {Belgian Congo)
and named after him in 1948, The farva of 4. durers was later found in the same
region by Henrard, van Wymeersch and Wanzon in rg44.  Dr. 1. Vincke and
F. &' Ursel in 1943 found 4. dureni adult and larvae necar Elisabethville at the Key-
herg experimental farm along the forest gallery of the Kisanga, in the Comite
Special du Katanga territory. At the same time and as the second step of
discovery, A. duremi were discovered infected with a presumed malarial parasite.
For three years the infection was repeatedly found in A. dureni. In 1946, Vincke
hrought stained smears of the stomach contents to the laboratory of the author,
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wio as Professor of the Institute for Tropical Medicine in Antwerp, Belgium,
was conducting at the time extensive hamatological resezrch.  The red blood
vells were found to be similar to thosc of monkeys or rodents. The white blood
cells offered no clues, FEarly in 1947, Vincke was back in the Katanga and
prepared agglutivating sera for as complete  series of mammals as  possible,
Only the anti-rodent serum proved difficult to make, and was therefore not consid-
sred too reliable. None of the anti-sera precipitated the extract from A. durem
stomach contents. However, the anti-rodents serum results were suspicious,

But no conclusion could be made.  Fortunately, very soon two Thamnomys
were found heavily infected. Blood was transmitted to white mice with good
positive results.  Some slides were sent to the author in Antwerp and also to
Radhain. The parasites belonged unmistakably to the genus Plarmodium and
were identical with those seen in the stomach contents of . durene.

The third step of research, namely, the discovery of the intermediate host,
1 a result was begun on the assumption that a rodent was the probable carvier.
For almost a vear, hundreds of specimens of the mammalian fauna of the small
torest gallery were captured and their blood examined. In January 1948, a captured
cadent, Thamnomps surdaster (Plate X1}, showed a few suspicious forms in the
hlood. The slides were first seen by M. Lips, Medical Assistant at the S.E.R.AM.
Vincke, on his return from a short field survey, examined the blood smears carefully.

Vincke undertook the transmission of the strain (Serain K. 173} to all the
avaitable wild and domestic rodents.  He soon made the exceedingly important
discovery that the white wouse developed almost 100 par cent lethal infection.
Experimental workers in malaria had at theirdisposal {or the fiest time a Plasmodium,
mighly pathogenic for onc of the commonest and the most ceonomical ol all
laboratory mammals. Noi only could the mechanism of acute malaria and death
he studied as well ay the therapeutic action of drugs but it could be done with a
greater accuracy and speed than in hirds and monkeys. The different rodents
aresented various degrees of susceptibility ranging from complete resistance to
a oo per cent mortality, which offer, for the ficst time, the possibility of experi-
mental study of the immunity in malaria.  Although the identity of the parasites
from the Thamnomys and the one from A, dureni was not established until 1950, it
was felt that a preliminary announcement should be made. An American scienti-
e expedition had just claimed to have discovered a Plasmedinm of the elephant
shrew in Sudan.  Several dozens of Elephantulus had been shipped by plane to the
United States of America. From the vague, although largely publicised data
Some newspapers spoke of the discovery of 'a malaria parasite in the Adrican elephant
imstead of the clephant shrew), the parasitc could have been the same as the one
abserved in the Congo rodents. In January 1948, the auther had just been
appointed the Director of the new Research Institute in Central Africa called
LR.S.A.C,, and in May 1948, before jnining his post in the Belgian Congo he was
mvited to attend the Fourth International Congress of Tropical Medicine and
Malaria held in Washington. He vainly attempted there to present for Vincke
and Lips the description of the parasite which in the meantime they had named
Plasmodium bergher.  The regulations of the Congress could not be waitved whereby
papers could only be presented by invited members of the Congress. The
author, being on the programme with a paper of a general character on the new
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wedival rescarch i the Propics, wed the discovery by Vincke as an llustration
of ome type of rescavch, introducing at the same tme a ipot note for Vincke and
Lips with a hriel but satisfactory description of P, berghei. Coloured slides and
microscopic preparations were also presented by the author at one of the public
demonstrations while no mention was made at the Congress of the alleged
Plasmodium parasite of the elephant shrew.  In a rather unorthodox way, Plasmodium
herghei made its appearance i this rranner in May 1448, while shortly afterwards
in the same year a formal paper by I Vincke and M. Lips appeared in the Anrnales
de la Soctcte Belge de Medicine Tropieale, illusirated by a coloured plate {Plate XiIT).

Because of the extraordinary importance of the discovery of Plasmadium berghe,
the strain was sent by D, Vincke almost immediately to the Institut de Medecine
Tropicale Prince Leopold of Antwerp where Professor J. Rodhain undertook its
study and from where the Director, Professor A, Dubots, sent it 1o the many
interested institutes and laberatories. At the same time the new Belgian Congo
LR.S.A.C. Institute granted a research subsidy to Dr, Vincke and put at his dispo-
sal the assistance of N. Leleup and M. Chardome both from the LR.S.A.C.
technical staff,

The research in Congo was mainly directed towards the cthology and
ceology of dnropheley duremt and of Thamnomys surdaster with the result that in the
{ollowing three vears many new infected locations were discovered and other
strains made avaitable for research.  Very rapidly outstanding work originated in
all parts of the world, building fundamental new knowledge in the field of
malariology. The LR.S.A.C. Annual Report published in 1952 a bibliographical
list of not less than 129 papers on Plasmodinm berghei. The ancient saying * Ex
Africa aligrid vemper movt’’ was confirmed in an oulstanding way in the field of
medical zoology which appears still so full of promise in Central Africal, by far
the richest part of our modern world in animal life.
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NATURAL HISTORY OF PLASMODIUAM BERGHEL*
Y
1 H. VINCKE,
Director, S.E R.AM., Elisabethille, Belgian Congo.:

fheober 1, 1950
INTRODUCTION.

Pae Kaanga region, where 7. berghe was discovered wnn 1gy8, 18 situated
m the south-cast of Belgian Congo south of the 5th south atitude, The western
cxiremity exceeds the e4th meridian cast of Greenwich whilst the eastern
frontier is in the neighbourhood of goth meridian east of Greenwich, The
southern frontier §s constituted by  the separating line of the ridges between
tuataba basin on the one side and that of Zambeze on the other.  The extreme
southern point of Katanga extends nearly up 10 13°27° south latitude. The
Katanga is in short the southern flank of the Congo basin which is hordered to the
south, south-east and to the cast by the high plateau vegions of Gentral Africa.

‘The altitude of ibe north-west zone of the province viwies between 500 and
t,o00 meters ; this zone can be called tow Katanga. The region, situated to the
south, south-cast and to the east, s a zone of high plateau, the altitude of which
vanges from 1,000 o 1,500 meters.  The belts of plateaus such as the Kibara-
Biano, the Kundelungu, the Marungu, reach and exceed an altitude of 1,700
metres.  Elisabethville is at an altitude of 1,290 meters.

The vast table land called high Katanga extends to low Katanga (Biano,
Kibara, Kundclungu), Between the extensions are found the low plains ;) the
vlain of Kamalonde (maximum altitude 560 meters) with its marshes and lakes,
the Lafira plain from 800 to 1,000 meters and the Mocro-Luapula {g50 to 1,100
mefres) which extends towards the north valley of Luapula. These low zones,
riveraim of the Tanganyka and Moecro lakes, arc comparable to those of low
Katanga.

" *Thanks are due o Mr. K. Gopa[ékrish:mn,-!\.ssistam Dirvector General, Posts and Telegraphs, New
Dethi, for translating the original paper weiiten in French into Bnglish,——Editer.

{245 )



246 Natwral History of Plasmodium Berghei.

Fromn the north-west to the south-cast, the climate is subject to marked
variations, It passes from a sub-equaiorial climate with 2 to 3 months of dry season

ts a Sudanian climate the dry scason of which grows longer when we move
rowards the south-cast, reaching seven months at the extreme south-east of the
provinee {Sakania).

The vegetation represents faithfully the climatic variations : to the north-
west region the sub-equatorial forect ; to the south-east foresi-park which transforms
iself to brachystegia wooded savanna  on reaching high katanga. Further
south-east, on the high plateaus, swept in dry season by the trade winds, the
vegetation is constituted by a grassy steppe surrounded by a beit of bushy shrubs.

The night temperatures in the high Katanga can be very low in the dry
scason and even vary in the neighbourhood of freezing point in the high plateaus.
By way of example, the minimum mean temperatures observed at Kongolo {Bas-
Kat.), -Albertville (Bas-Kat. shore of the Tanganyka Lake), Elisabethville {Haut-
Kat} for the years 1930-1939, are given below —

Kongolo  Albertville  Elisabethville

January 192 184 170
February ... 19°6 184 1474
March 19°3 186 12-6
April 190 18 2 g2
May A 16" 4 65
June (58 13°8 3-8
Julv 148 1277 33
Aungust 16 g 12°8 1°9
September .., 18-6 1479 7'0
October .., 19° 0 17°3 107 4
Navember 185 18-8 136
December .., 188 187 14°6

The day temperatures do not show any marked difference in the entire
oxfent of the provinee,

DESCRIPITON OF THE PARASITE.

The young trophozoite appears as ring form with a relatively big vacuole.
I'he chromatin dot is most ofien single, but rings, with two chromatin dots generally
of the same dimengion, are sometimes seen.

When the pdrdsit(, grows, one can distinguish in the cytoplasm very fine
geainy of a black pigment. Piginented trophozoites, and the others the pigment
of which is so light that it is visible only in fresh films, are also found.  This &s
ahove all true in multiparasitized cells. The multiparasitism of the same cell is
frequent.  Erythrocytes invaded by six parasites and even more, are met with,
When the latter grow in hypertrophied cells, the cytoplasms merge and their limits
are no more visible, and constitute blue masses which measure 106 # in
diameter. Parasites of different ages can develop in the same cell--for example,
voung trophozoites, schizonts and gametocytes. The schizogony gives rise
more often to 8, 10 and 14 merozoites,
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In imterse infections, it is not rare to find youug forms having invaded
the blue cytoplasm of the nucleated red cells. The gametocytes, males as well
as temales, keep often their vacuoles during the course of their growth., A black
pigment, most often clearly visible, is dispersed throughout the cytoplasm of the
macrogametocyte ; that of the microgametocyte is disposed most often in clumps,
The nucleus of the macrogametacyte is typically peripheral and small.  Those of
microgametocytes are much bigger and not densely packed, 'The colouration
of macrogametocyte is intense blue, whilst that of microgametocyte is paler and
violet or greenish. The dissemination of the chromatin gives them a general
rusy aspect which is very striking.

Apropos of gametocytes, these should be studied on the strains freshly
isolated.  After a certain number of passages, it has been notliced that their
appearance is modified to a point when they can be distinguished with difficulty
from the asexual forms and when the males lose their power of exflagellation.

The enlargement of cells is typical. Tt is necessary to discuss the interpreta-
tion  given to the enlargement.  One can prove in short that it presents
iself in the celis which have been polyparasitized. Tt manifests itself even when the
red cell has underdeveloped or young parasites.

The enlargement of red cells would not be due to the parasite itself but due
to the fact that the infection oceurs in red cells which have not reached maturity ;
the proportion of young red cclls increases with anamia and persists when the
parasites disappear after treatment.

Tissue forms have been described in the histocytes of the liver.  They appear-
ed 36 hours after the blood inoculation when the parasites have not yet reached the
blood. They are found equally in the bone marrow and in the endothelial cells
of the capiliaries, 'The tissue schizonts should have a larger number of merozoites
than the blood schizonts (up to g0 merozoites),

These Gssue forms should remind one of those of P. élongatum. However,
sonte duthors have not found the tissue forms.  Baldi (1gn2) describes the forms
which he thinks conld be of tissue origin, on which he did not bke to conclude.
The fact that they are found in the bone marrowafter treatment with quinine or
atebrin, would go in favour of their being tissue forms and equally explain the
relapses observed when the blood forms disappear after treatment.  Against this
opinion, it has been remarked that there are always some erythrocytes present
in the organs and that at the same time are found bleod forms resembling tissue
schizonts — lorms in which the pigment cannot be distinguished.  In other
words, the suspension of washed organs do not appear to be infective when the
blood of the same animal is not infective,

Arguments of an experimental nature go equally against the tissue origin
of the parasite found in the argans after infection of blood — likewise it has been
discovered that there are no prepatent periods and that when massive injections
by peritoneal routc are made, it is found that the blood is infective ten minutes
after the inoculation, When rats are inoculated by intraperitoneal or intracardiac
route with massive quantities of parasitized cells, the cells of the donor are found
in the blood of the tail frowm 15 minutes to one hour after the mmoculation, In
very short time, the parasites muhiply in the red cells of the recipient, This at
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least proves that there are no tissue barriers which oppuose the immediate passage
f the parasites in the general circulation or their maultiplication.

The experiments made on Cricefomys ansorgi do nol certainly erable us to-
prove, ll the present time, the existence of any excerythrocytic phase after infec-
tion of the blood. It is known that Cricplomys present periods of latency, often
orolonged, and it has been demoustrated that during such pesiod the blood
remained alwaysinfective. 1t was the same in two cases after injection of sporozoites;
two Cricelomys have likewise been injected with nivaquine, one was completely and
siefinttely cured and the other presented an inapparent parasitemia during which
subinoculations have, however, been positive and followed later by severe relapses.

It is, however, evident that a prepatent {pre-erythrocytic) period mustexise, It
nas been demonstrated that after injection of sporozoites to young raty, the latter
were not infected before two to three days.  However, the pre-erythrocytic forms
have not been recognized in the animals injected with numerous sporozoites {up
3 hundred positive salivary glands in a white rat 15 days oid}.

The sporozoites have not beensufficiently described but they resemble closely
those of parasites of man, Osceysts in Anopheles fed on infecled anima)s bave been
duscrilyed as presenting fine pigment, and in clear diffused light appear as a double
line lightly curved. It does not appear that the descriptions correspond o what
s commonly met with in 4. dwreni.  In any case, the question would merit fether
study.

THE INVERTEBRATYE HOST.

Yhe vector of P. berghet is nvontestably 4 dwend Edwards,  This Anopheles
wis desertbed Tor the fiest dme in 1638 and foend in the district of Kwango—
wgion of Mwela (Belgian Congo) in the environs of 67 south Jatitude and go°
sast longitude —- {altitude goo-1,000 meiers),  According to Duren {1944, the
!mmber of human malaria cases in the region is low ov nil, and the indigenous
adults contract the disease probably v very much Jower aliitudes {about 6oo
meters),  The majority of anophelines captured in the houses were . durent.

The larve as described by Henvard ef 2l. {1944) five in sandy rivers in which
water fows slowly and shaded by dense vegetation.

A rapid personal survey undertaken m May, 1951, permits us to state precisely
the toifowing points :

We have not in this period tound A, durent in the bouses but they bite man
et the river tself.  The only larval restivg place found was a space cleared of
wrees and covered with grassy vegetation we have not found the Anopheles {(fed
aues) on the trees.  Tn Kwango, no dissection of 4. duwreni has been carvied out
1o owr knowledge to this day.

In Katanga, the habits o A. durent present a torally different pattern. The
habitat is always constituted by forest galieries and it appears certuly that there
was a relation between the deasity of he forest and the number of \nophﬁm, it
15 thus that a gallery {Kisanga) having been pardally cleared, the Anopheles con-
centirated themselves in a space of some 100 meters.  The adults are found easily
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in day-light o 1he munks of living trees, particalarly old ones, which are rough
UF MIOSS-ErOWNn.

It is difficult to give an idea of the density of Anopheles. Some attempts have
been made by taking as basis the number of treces. But the indigenous insect
collectors have made marks on the most frequented trees—which marks vitiate the
resufts. For the years 1944-45, 10,371 Anopheles were found on 10,848 trees,
A trained collector can easily find 200 Anopheles in one morning when the season
is favourable.

A vary large proportion of males, likewise are found on the tree trunks {about
une-third of the collection).  Among the females, a large number is in an advanced
state of ovarian development and digestion. Here are the values for ovarian
stages expressed as pexcentage (according to Christophers, 1911} 1

1 .. 1
13 2
1331 22
v 22
\Y 31

The A, dureni of the Katanga coilected, rest on the trees in order to complete
their gonotrophic cycle wnlike /. funestus and 4. gambie which rest in the houses
in which they feed. It i3 bardly necessary to dilate on the adult habitat.
Researches were made in 1g944-45 round about one of our ohservation stations.
The results were negative for :

{1} The collections were made in the houses of an indigenous camip situated
at some hundreds of meters from the larval habitat.

2} In the neighbouring cattle-sheds,
‘31 Clollections made in places where the grass was mowed very short.

4) 'The traps of Magoon-—in 1944, seven A. dureni were found among 1,303
anopheline mosquitoes (of which one was found in the trap with human bait).
The A. dureni of Katanga does not hite man. Different catching stations have
heen established during the year 1945 in various places, Collections were made
day and night including ones on the viver. No 4. dureni was captured. Some
Anopheles were captured on man on the first day of our researches, but it was
never repeated.  There is every reason to think that it was a question of error.

During the same year, no 4. dureni was captured in Magoon traps with human
bait.  Other anophelines, sometimes even in large numbers, were found :
Ao concolor, 4, berghel, A. implexus.

The adults appear to feed exclusively on rodents  In short, the contents of
the stomach of a large number among them were submitted 1o the precipitin fest
for the following anti-sera

Sheep
Ox
Harse
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{Gat

Dog
Antelope
Man
Monkey

Ax these sera are rarely specific, i€ can be admitted that the negutive results
would thus cover the majority of mammals except the rodents and perhaps the
msectiveres.  In other words, on direct examination, nucleated red cells are not
tound m the blood.

In Katanga, the larval habitats are constituted typically by the shady banks
o1 thi streams of the forest gallery.  Generally the current is rapic and larva
are casily obtained by a scoop scraped over the yoots of trees projecting in rhe
waler.

From the point of view of adults, they disappear during the dry season, but
arvas are found always in some abundance.

The A. dureni, in the Katanga, appears to be essenviallv a forest dwelling
species, hygrophile and shade loving., It spends all its tife in the forest gallery
where it is enclosed.  Howsoever specialized and delicate, they find sometimes in
helr stations very favourable cordition in certain galleries where they can be very
shundant. These conditions differ from those of Kwango. To these differences
must be added other factors of morphological order, superficial they may be,
he adults of Katanga present less of scales on the eighth tergite and the larva
presents typically distinct pigmentation -—to such an extent that it is ecasy to
recognize it with the naked cye m situ.

Will this suffice to create a new species 7 We will not dare to affirm it and
ocoudd be  particularly interesting to apply the cytogenelic methods recently
deseribed by Fraizzi (19531, T it were a question of one and the same specics,
we will come across an interestmg casc of geographical variation,

GEQOGRAPHICAL DISTRIBUTION.

This has been studicd ouly in the Katanga. Map 1 shows that A, durend 13
aresent through adl the high Katanga. 1t is found there at various altitudes from
: o0 to about 1,700 meters. . dureni, Katanga type, has been likewise found
n the Tanganyka territory in the environs of Abercorn.  Jtis again a queston of
qrassy plateau at 1,500 meters altitude obsiructed by important fovest galleries
Plare XIFIM.

THE PARASITE RESERVOIR.

Lip to the present moment, we have found that the reservoir of parasites are
the theee rodents frequently found in the forest galleries. They are Thamnomys
swrdaster, Praomys jacksoni and Leggada belle.

Thamnomys surdaster.—This has oiten been alluded as an arboreal rat. In
act nothing is less certain, and a more intense study s required. Tt s found in
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the trec holes situated 2°5 metres above the ground. But w cannot be described
as a squirrel. It moves on the ground very frequently.

Pragmys Facksont.—Is found in nests at the foot of the trees and bushes between
the roots and alsv in certain thickets, It moves about essentially on the ground
and unlike Thamnomys withdraws casily from forest covering. Thamnomys and
Praomys are frugivorous.

Leggada belle.—1t can live in the same conditions as the other rodents such
a3 Praomys but equally in the habitats of the indigenous domestic mice (Mus musculus)
to which group the Leggada must belong. It 15 ommivorous and can invade wild
habitats such as lorest gallerics in certain cases.

The forest galleries contain other Murnide, all susceptible, such as Saccolomus
campestris, Mastomys coucha, Praomys jacksoni, Zthomys sp., Pelomys frater, Lophyromys
aquilus, Soricides (Crocidura furba), some Sciuride and rarely small Carnassiers,

Some forest galleries arc inhabited by various antilopes and monkeys
{Cynocephales).

EPT OR ENZOOTOLOGY ASPECT.

Ept or enzootology aspect is interesting in the study of P, bergher malaria ;

1. Generally only aged animals are caplured : however, a good proportion
among them have not attained sexual maturity, but of the least among these have
been found infected unlike in the case of human malaria in which it is common
10 find a high rate of infection in the younger age group when the infecton rate
of the community is 25 t0 60 per cent or more, particularly when the sporozoite
index is very high which will be described later.

But this i8 contrary to cvery thing and it is one of the principal reasons
for which five years have elapsed hetween the discovery of sprozoites in 4. durent
and P. berghet (1043-48).

Among the positive animals captured in Nature, the parasites are never
abundant, are often extracellular and consequently difficult to recognize with
certainty. The positive number is very low. From 1947 to 1949, the blood of
358 rats, the majority of which were Thamnomys and Praomys, was subjected to a

very carcful examination. In two Thamnomps only, the presence of some blood
parasites could be observed and the first strain of P. berghei was thus isolated.

Later in 1952, seven strains were obtained from 61 Thamnomys and five from
59 Praemps, from the blood of the captured animals, systematically inoculated into
mice and white rats,

Howsoever fruitful these resufts are, in the positive animals a very fecble
inrection is encountered. These strains have been obtained in dry season as well
as in rainy season.

2. A, dureni is probably the only vector of P. berghei.

A forest gallery represents in short the natural insectarium where the
Anopheles has the greatest chances of longevity, a condition essential for a good
vector.,

But we find only three other dendrophile species :
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A smplexus {eeds on man but perhaps not exclusively. It has been found
with sporozoites only onece out of 739 examined.

A. roncolor appeared to feed exciusively on antelopes.  Its sporozoite index
is very low., The moculation of positive salivary glands in rats and mice have
never given any results and the sporozoites are morphologically different from
those of P. berghet.

Then remains A. berghei which appeared to us very fragile and dissection
of which has always been negative — here, however, more investigations are
desirable.

6,380 spccimens belonging to 15 other anopheline species have given four
silivary ‘infections and four gut infections. These anopheline came from different
stations ‘of capture from the environs of Elisabethville,

3.. Geographical isolation of species in the various stations of capture is
remarkable.
The different regions are separated by large valleys and also exhibit a different

appearance, Also 1t could be relied upon to find for three different murine species
of animals, several species of Plasmodia {in man there are only four species), But
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till the end of the season of 1953, P. berghed has been isvlated from 12 rodent strains
of seven different stations, of which two are in Ebsabethville.

From the sporozoites, 367 strains have to this day been isolated coming from
four regions very far apart from each other. At least 297 of them have been
obtained in individual mosquitoes.  The possibility of a very frequent mixture of
several species, less one supressing the other, can thus be cxcluded. Only in a
single case a new parasite has been obtained (P. vincke, Rodhain).

4. We have said previously that the density of the Anopheles could vary
from region to region. On this subject, one fact has siruck us : from our station
which had the largest number of observations in Kundelungu, several strains of
parasite have been isolated from the blood of Muride. 4. dureni have been found
there rarely since 1949, to the point that we have suspected for some time A. concelor
(very abundant in this region) to be the vector. Finally, after patient researches
out of g0 A. dwreni found during the entire scason {i1g43-44) only one was found
positive which gave us a strain of P. berghei.
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5. Sufficiently complete data have been gathered on the subject of potential
vector 4. dureni from 1943 ; two stations were observed in the environs of Elisa-
hethville, stations sitnated at a distance of 20 kilometers from each other : Kisanga
and Kasapa. The cycle of malaria is practically interrupted in the mosquito
from May to November as evidenced by the least negative resuits of 1,503 dissec-
tions practised during this period from 1950 up to May 1954. From December,
the sporozoite index rises rapidly to rcach generally its maximum in January or
February and fall again soon thercafter. We have reproduced in Graphs 1, 2,
3 and 4, the four successive seasons for the two stations of capture—Kisanga and
Kasapa.
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The data are not always complele.  But the curves are always of the same
pattern and show the following striking facts :

1. The duration of the season is always the same and the index exceeds
three per cent only during a period of bo days.

2. It can appear very soon in one station or the other, but the index falls
down then also rapidly.

‘3. The sporozoite index falls down much sooner than the meteorological
conditions would permit us to expect it. Al this occurs as if an abrupt, brief and
sudden epizootic breaks in each year, leaving behind it 2. small number of infected
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apimals. Even among individuals, not having still astained full maturity, we
have never found an intense infection. It could be objected that a sick animal
does not feel well and consequently will not be tempted by any bait—this would
he contrary to clinical facts, for a Thamnomys, even a white mouse strongly infected
with protozoa, will show apparent signs of lack of appetite onlv in the late stages.

This epizootic would occur explosively only among all young animals and
it could equally be inferred from it that only the very young animals could be
capable of infecting the invertabrate vectors. Perhaps this is the reason for
which it has been so difficult up to the present to infect mosquitoes in the laboratory.
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6. In the course of our observations, a very curious fact has been proved :
gallery of Kisanga has been observed for more than ten years since 1943. Up to
the end of May 1946, sporozoites were regularly found. The researches have
been interrupted during the 1946-47 season and recommenced at the end of 1947.
During the two scasons which followed, we have been able to sec only one 4. durent
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infectedd.  This was out of 2,789 dissections. We then introduced at the end of
1949, In the gallery, a large number of rats inoculated with P. berghat, and on
Janwvary 27, 1950, the sporozoites were found again,

What explanation is to be given to this phenomenon. The gallery hay
been partially destroyed in 1946 but the Anopheles remained nevertheless abundant.
Soon we: captured a certain number of rodents, in every manner the biological
environment had been modified and this demonstrates once more how casily a
hiological equilibrium can be disturbed.

The mast curious of the entire findings, and we admit to have passed through
perinds of extreme perplexity, is that P. berghei was discovered among the Thamnomys
in the same Kisanga in January 1948, when the cycle of transmission was already
interrupted among the mosquito. And it is through extraordinary hick that we
have been able to capture one of the last positive rats.
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EXPERIMENTAL TRANSMISSION OF PLASMODIUM
BERGHE]*

BY
I. H. VINCKE.
{ Director, S.ER.A.M., Elizabetheville, Belgian Congo.;
{Ocrober 1, 1954

THis section comprises - -
1, The attempts to infect mosquitoes {rom infectes animals.

2. The cyclic transmission to various Muride. Observations on the subject
of transmission in nature, appear in the section on Natural History.

I. ATTEMPTS TO INFECT MOSQUTTOES IN THE LABORATORY,

Since the discovery of Plasmodium berghei, one of the problems which the
research workers attempted to resolve was the transmission of the plasmodium
to various species of mosquitoes.  Bestdes the scientific importance of the problem,
the practical importance attached fo the study of the tissue phases had attracted
the attention of a good number of laboratories.

The natural invertebrate host, d. dureni, was the first mosquito used for
these investigations.  Unfortunately, after some years of research, 1t has become
necessary to abandon it ; the insect is toe delicate to be raised in colonies and
moreover, even if one succeeds in feeding these Anopheles captured in nature, they
do not survive sufficiently long for developing oncysts, Numerous authors have,
therefore, turned towards the mosquitoes more easily handled, and according
to our knowledge, the following, at the very least, is the enumeration of the species
studied from this point of view —

Fdes agypli Culex hitencorhynchus

A. albimanus A. concolor

A. annulerts 1. coustani var. ziemanni
A. aztecus A. fluviatilis

*Thanks arc due to Mr. K. Gopalakrishnan, Assistant Direcior General, Posts and Telegraphs, Delhi,
for translating the original paper written in French into English.—Editer.

( 257 )
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A. funestus A. pulcherrimus

A. gambie A. quadrimaculatus

A. hyreanus A. splendidus

A. jamesi A. siephensi (type and var. mysorsnsis)

A. maculipennis var., atroparous A subpictus

Of all these attempts, only some have proved successhil.

Yoeli and Wall {1951 : ra52a @ 19528) found that A, siephensi, 4. gambie,
A. macnlipennis var, atroparvus and A. quadrimaculatus were infected easily when
they were fed on hamsters presenting gametocytes. The oscysts were regularly
present and developed up to maturity, but the arrival of sporozoites in the salivary
glands was very irregular {in certain cases 62 per cent out of 35 Anopheles showed
sporozoites).

These authors succeeded in the cyclic transmission either by inoculating
pusitive salivary glands or by making infected mosquitoes hite.  The amimals used
were young white vats, four weeks old.

Rodhain and Vincke (1952) point out that by making A, maculipennis var.
alroparous bite splenectomised rats showing numerous gametocytes (males showing
zxflageilation), the results are negative (39 Anopheles dissected).

The author fed mosquitoes on infected Thamnomps and for abeut a hundred
of atroparvus dissected at varying intervals of three days to one month after the
infective feed, two showed some odeysts after an interval of three o four days ;
two after 18 days and three after a month,  Thus oicysts were very rarely observed
which did not develop further,

At present the researches are being continued at the Institute of Tropical
Medicine at Anver (Rodhain, Wanson and Vincke with the technical collabora-
tien of Berteaux)., Very young hamsters are used and some opcysts are obtained
regularly. In some cases, sporozoites develop but they are always too few and
up to the present moment, we have not succeeded in infecting susceptible animals.
‘The small number of sporozoifes could be the veason but it Is not impossible that
these sporozoites may be degenerate. Tt is to be noted that in the experiment
of Yoeli and Wall (19524 : 19524}, the Anopheles were kept at a temperature
of 26-t0 27°F., and in this at 29 to 24°F.

Ramakrishnan ¢ af. (1953) tried 1o infect a large number of species of
Anopheles.  Two strains of parasites were used one of which had undergone 145
passages and the other 45 passages. Mice, albino rats, wild rats, squirrels and
hamgsters served the infecting meal.

All these Jed to the production of sporozoites in only one d. stephensi. The
authors recognized, it is true, that in spite of the presence of gametocytes, they
did not obtain exflagellations and concluded that the gametocytes were functionally
deficient.

Perez-Reyes (1953} made some attempts with three species of Anopheles,
namely, 4. quadrimaculatus, A. aziecws and A. albimanus. A. azteens was raised at
24°-C. and 70 per cent humidity, the other Anopheles in the same humidity but
at 28° €. The strain employed had already sustained weekly passages for one
vear,
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The choice of the anlmal rested on the hamster, on which the mosquitoes
were fed every evening from 700 to g'0o hours during a period of seven days.

The mosquitoes were dissected between the sth and 14th day after the infective
feed. ‘The results were better this time and high percentages of success were achieved,
'The A. aziecus appeared to be meare susceptible than 4. quadrimaculatus while the 4.
alhimanus was not susceptible. It was necessary o feed the mosquitocs on these animals
during the ascending period of infection, i, {rom the fifth to seventh day alter
inoculation.  In A. aztecus, the oscysts reached maturity towards the 11th day and
the sporozoites were capable of infecting the white rat and the hamster.

How can the differences in results and the slowness of success achieved be
explained ? 1t is astonishing at first sight that amongst so many species of
mosquitoes tried, so few of the experimental vectors have been found, while in the
other cases only one species of plasmodium can be transmitied by a sufficiently
large number of mosquitoes. The puarasites of man furnish the best example.
There is, therefore, ground for believing that the obstacles to be overcome are found
among mammals rather than among the mosquitoes.

These difficuities can be of very different nature :

;1) The animal species is important probably, since up fo the present time
only the hamster has given some results.  Thamnomys and Praomps, the natural
hosts, should be equally capable of serving these experiments.

t2) The age of the animals is of great importance since the observations in
natlure inform us that the plasmodium index of the captured animals is Jow and
the parasites always rare, It is perhaps a question of only very young animals
being infecied since the period of positive sporozoite index does not cxceed a few
weeks.  Unfortunately very young animals have not been captured up to the
present moment and it is there that the lacuna has to be studied . Perez-Reyes
!loe. ¢it.) does not inform, on the other hand, the age of the animals used.

g} The state of advancement of the disease among the experimental
animals at the time of infecting feed is specified in the experiments of Perez-Reyes
‘lot. eit.} who obtained the best results among the inoculated animals from the fifth
1o seventh day.

(4) The number of previous passages—The strains used have been submitted
to sufficiently numerous passages—in the cxperiment ol Perez-Reyes (loc. cit.) is
about 52 passages and his success astonishes ws since, in general, after the 15th
passage of P. berghei, it becomes extremely difficult 1o obtain exflageilation of male
gametocytes. It is true that the last author indicates to have used the Mukata
strain, Therc were several strains named after the name of indigenous sanitary
guards who have assisted us. Tt remains to be known if the attempts of Perez-Reyes
{loc. cit.} will be repeated regularly.

The question appears to us, therefore, far from being completely resolved
and this leads us to discuss the question of maturation of gametocytes.

1t has hecn observed that gametocytes become enfecbled gradually as the
noncyclic passages increased and nothing permits us to say that even a single
passage of this type would not compromise the results of attempts to infect mos-
quitoes, The production of gamelocytes takes place besides, at indeterminate
intervals of three to four days during the ascending period of infection (Rama-
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krishaan o al., 1953). We have observed the same thing, but have been struck
by the fact that the phenomenon was irregular, This was the case cven among
some animals (white rats, white mice, Cricefomnps, cic.) inoculated directly with
sporozoites,

We have, therefore, chosen very young white rats 15 w0 25 days old, as well
as some: Cricetomys of undetermined age to inoculate directly with sporozoites.
Anopheles maculipennis var. atrapartus in large numbers were fed on these animals
during the ascending period of the infection. The results were negative,

At the same time, what significance is to be attached to the presence in
abundance of exflaggalation of male gametocytes 2 Is the latter a necessary and
sufficient condition for formation of zygotes and of subsequent growth?  And how
to know if the female gametocvies are or not functionally deficient ?  Finally
cven the production of zygeies do not appear to indicate necessarily that the raty
which are vsed, fulfil all the required conditions.

Foy and Kondi {1952) have demonstrated that the gametocytes of P
Jalsiparum of a patient treated with daraprim do not develop up to the sporozoite
stage in the mosquito fed on his blood.

McKennas and Erede (1947) and Shute and Maryon {1948) have proved that
proguanil affects the female gametocyte in the sense that the oscysts do not reach
waturity.  This finding agreed moreover with the experiments of Vincke (1952)
which have established that the administration of daraprim to the indigenous
people.leads to the negativity of sporozoite index in 4. funestus.

For P. berghei, it is therefore perfectly possible that the regular formation of
opoysts proved by Yoeli and Wall {19522 : 19525) followed by formation of
sporozoites, is explained in the same manner. And one is led to wonder if there
cannot exist deficiency of certain necessary factors in mammals under certain
sircamstances for the production of gametocytes for their maturation and for the
formation of ogcysts and also for the altimate maturation of these ojcysts.

In this order of ideas, Thurston (19504 : 19508} had established that in some
adequate conditions, the antimalarial action of proguanil and of pyrimethamine
could be neutralized {antogonised) by PABA. [t is this rcason for which, in the
course of some of our present attempts, we have fed, as a preliminary, to Cricetomys
some of PABA and also folic acid-—unfortunately no positive results were obtained.

The question of infecting mosquitoes and that of creation of conditions favour-
able or unfavourable to the development of cyclical infection of P. berghei is certainly
not still achieved. More profound researches appear to us indispensable.

II. TRANSMISSION TO MAMMALS.

iay Non-cyelic transmission. —We shall state here orly briefly observations of
a general natwre. The non-cyclic transmission Is in general easy. Some drops
of blood of the tail are drawn into a watch glass containing an anticoagualent
:citrate andfor heparin) and inoculated to a susceptible animal.

1. All routes of injection appeared good. But the peritoneal route is the
most convenient for the best results.  The intradermat and intrapulmonory routes
are dependable.  The subcutaneous is practicable only after prefliminary scarifica-
inn.
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2. Failure to infect certain specimens of a susceptible animal species, docs
aot necessarily signify a refractory state.  Often a second or a third inoculation or
more ends in success.

3. The best results are obtained when the donor is selected at the commence-
ment of the infection {prepatent periods are shorter and consistent).

(b) Cyclic tranymission—This hus been obtained in rare cases when the
mosquito had been iufected in the laboratory, thus demonstrating that the
sporozoites had really reached maturity. Experiments with greater success have
been made from the salivary glands of 4. dureni captured in npature, These
Anopleles came from several stattons at Katanga. The mosquitoes are dissected in
groups of 1o to 20, and the glands examined by a team of workers, The sporozoites
are infected either gradually as they are found or together at the end of dissection
of the batch which never exceeds two howrs. We have employed successfully
physiological heparinised saline, the plasma of heparinised rats and of the red cell
extract of rats.  Finally our choice stopped with a one per cent or two per cent
hovatbumin fractdon V in physiological safine.  ft is unwise to use pencillin
or centrifuge lots of salivary glands. Results have been obtained for the follow-
tng animals ; white rats, white mice, Thamnomys surdasicr, Cricetomyps ansorges and
Praomys jacksoni, 'The inoculation route has been intraperitoncal,

There is certainly a relation between the number of glands utilized and
the resuits obtained as seen in the following sample experiments :(—

When the white rat is used : one to five glands obtuined in 46 dissections
gave rise to 21 positive; and five glands and more obtained in 21 dissections to
20 positive infections.  The rats were not strictly of the same age, but in general
from six weeks to two months old.  Since the beginning of the experiments dating
from 1950, we have been struck by the fact that it was particalarly difficult to
obtain suceessful infections in white mice with certain strains of infection in the
sulivary glands, However, it remained a doubt since the cxperiments were not
numerous, For reasons of non-availability, we have not been able to atilize either
animals of the same age or a uniform number of glands.

During the 1953-54 session, we have been able to inoculate a certain number
of animals soon after the cxamination of dissection of a single positive mosquito,
It goes without saying that even in this case, the number of sporozoites can still
be very variable, but even if a method of enumeration can be accurate, the delay
in operations wilt be still more risky.

Be it, as it may, the following table gives a resume of the results obtained :—

1) o WY pavs, E B ro G0 pavs. ‘ ADULTS OF INDETERMIRATE.
Age growps. . ! e e i " = : . b
i ! i 4w - - 3 . o -
Total. Positive. Tercentage.iFotal. %Pus:mrc.[ f;;‘:f i Total, EPosmvc. t:gc:fl
Mice .., 8 f t8 Lrs 45 10 T 9:3

; [
i ' i
. !

|
! 1
. H 1 : L I B
Whiterats 124 1 93 | 759 (M 1 35 ]r 473 1 w | 8
: |
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tn addition to the above, for twelve white rats of indeterminate age we
registered five successes, which makes the total to 22 positive over 177, that is,
12'8 per cent for the mice and 141220 for the rats, i.e., 64 per cent.

The age of the animals appeared to cxercise a certain influence equally :

‘a) Young Cricetomys of indelerminate age.—Twenty-one Cricelomys have been
moculated, of which only four became positive ; the number of glands inoculated
at one time varied from 1 to 14, with a total of 35, and an average of 87,

by Adult Cricetomys without delermination of exacl age.—Here we obtained one
success oul of nine animals. The only positive animal received eight glands and
the eight others 51 glands in all, thus giving an average of 63 glands each.
All the inoculations have been made by the intraperitoneal route soon after
the examination of the positive glands. Among these animals, five young and one
adult have been uotilized twice. Here also it is wsual that smaller numbers of
Cricetomys contract malaria after ineculation of sporozoites than with ineculation

of blood.

A cyclic transmission has permitted to demonstrate that a pre-erythrocytic
nhase exists in the white rat.  In six cases, the blood was drawn every day from
the day. of inoculation of sporuzoites and inoculated to young white mice. A rat
gave infective blood at the end of 48 hours and five at the end of 72 hours. Two
rats were sacrificed at the end of 72 hours and mice inoculated with their blood
co ntracted the infection, whilst others sacrificed at the end of 48 houars, gave negative
resuits on subinoculation of blood. In the last four cases, the inoculations were
massive. The pre-erythrocytic phase would thus be of three days’ duration in
general,

Apparently the evolution of the disease s the sarie after inoculation of
sporozoites as after inoculation of blood.
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THE MOSQUITO TRANSMISSION OF PLASMODIUM

BERGHE]L
BY

R. 5. BRAY, rho,

(Lecturer i Parasitology, London School of Hygiene una Tropieal Medicine,
Reppel Streel, Londen, W.C. 1.

Eleteler 8, 1934,

Iy is a revealing comnmentary on the experimental cyclical transmission of
P. hergher that the most useful contribution that [ can make to this symposium
is to record two and a half years of failure to cstablish the parasite satisfactorily in
mosquitoes. The experimental details which follow represent the whole of the
work on this subject carried out in the London School of Hygiene and Tropical
Medicine over the last few years. Transmission cxperiments have proceeded
intermittently in both the Ross Institute and the Department of Parasitology
since the success obtained by Yoeli and Wall (1951 : rg32) in this School in 195T.
I am indebted o both Professor P. €. C. Garnbam and Miss W, J. Wall for
permission to include their results in this contribution.

Qur chief concern has been to obtain suflicient sporozoites to proceed with
an investigation into the nature of the pre-ervthrocytic stages of P, berghei. Such
an enquiry demands at least one hundred sets of salivary glands heavily infected
with sporozoites, We have attained one set of salivary glands heavily infected
with sporozoites.,  This is the true measure of our failure and will give some idea
of our frustration.

MATERIALS AND METHODS.

The strains of P. derghei used in our investigation have been the S.P. 28
S. Keibherg, “ K ” {sa named in the Roys Institute}, “ R. 5. V. P.”” {su named in
this Department), S.P. 228 Kisanga, S.P. 229 Kisanga, S. P. 235 Kisanga,
5. P. 236 Kisanga, S.P. 260 Kisanga, S.P. 261 Kisanga, S.P. 263 Kisanga, S.P.
270 Kisanga, S.P. uyr Kasapa, 8.P. 176, 8. P. 18, “TV ", “V”, Nonec of
these strains was used at less than two removes from the eriginal sporozoite
infection.  The mosquitoes used . our investigations have been  Anopheles
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macalipennis var, atroparous, 4. quadrimaculatus, A. stephensi, A. gambie, a specics thought
at onc time to be A. azfecus but which is more probably cither 4. maculipennis or
a hybrid of 4. aziecus and A, maculipenmis, and Fdes egypti.

The vertebrate hosts used in our investigations have been the white mouse,
the white, brindled, and hooded rat, the golden hamster and the rabbit.

The following has been our rontine mode of infecting mosquitoes, The strain
15 tesied for microgamete formation.  The host animal s anwsthetized by ether,
nembutal or hexabarbitone and strapped out on a board, The abdomen ts shaved
and thé animal introduced into the cage containing mosquitoes. BSubsequently
the fed mosquitoes are transferred either to a new cage or individually into tubes
depending on the specics. The mosquitoes are maintained on blood, sugar or
Tuit. '

The day of choice for feeding is normally the fifth and sixth days after inocula-
tiop, of one or more millions of parasites. Little account is faken of the number,
ahsolute or relative, of gametocytes in the peripheral blood.

Only one major variation of this technique has been used. On several
occasions, praminobenzoic acd was inoculated into or fed to the vertebrate andfor
led 1o the invertebrate host in amounts never exceeding 500 mg./kg. body weight
ur a 0.1 per cent solution. When partial success was obtained, attempts at trans-
mission were made by inoculatiag suspensions of guts and/or glands or by biting.

In all, some 200 vertchrate hosts and some 5,000 mosquitoes have heen used
it these experiments which are set out in the accompanying table,

RESULTS.

One mosquito {A. guadrimaculains) was found to have a heavy infection in
the salivary glands,  All batches of Anopheles infected with the 3.P. 28 8, Keiberg
strain from hamsters showed a {few (& 20} sporozoites in the glands of some of the
mnosquitoes. The R.S.V.P, strain was established once as a scanty infection in
the glands of 4. stephensi.

Ogceysts were seen frequently particularly with the 8.P. 28 S. Keiberg, S.P.
371, 3.P. 18, TV and V strains.  Mature ogeysts containing sporozoites were usual
with these strains, AN other strains with the exception of 5.P. 23€ and 5.P. 250
were established in Anopheles at one time or another.

The hest results were obtained when A. stephenst or A, gquadrimaculatus were
fed op hamsters five or six days alter infection with 5 to 50 X10% parasites. 4.
maculipennis and Fdes @gypti were shown 1o be unsuitable hosts for P. berghei.  The
mouse and the rabbit proved to be of little or no use as hosts in this specialized
vapacity., The only strains used within five removes from the sporozoite infection
N.P. 228, 235, 236, 260, 263, 270} proved to be the least successtul in these experi-
ments. Maintcnance of the mosquitoes on bloed, sugar or f{ruit resuited in no
significant differences in the state or extent of infection. No uscful results were
obtained by the PABA supplements. It can be said in gencral that while the
zxtent of Infection in mosquitoes was frequently most satisfactory, the state of
infection was equally frequently poor.  Ogcysts were often small and retarded.
Degancration and lack of synchronous development were usual.  The percentage
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of vicysts showing the degenerative changes leading up to the formation of black
spores af Ross as described by Garnhiam (1955) was disproportionately high. Many
niature 0scysts were seen not to have burst, and the contained sporozoites were
undergoing degeneration. At no time has it been possible to transmit the infection
from mosguitoes to a new vertebrate host since the success obtained by Yoeli and
Wall {1g527 in these laboratories.

DISCUSSION.

The problem of the mosquito transmission of P. berghei ov indeed any
Plasmodium, presents many considerations, any one of which may be decisive in
the final issue, It is useful to enumerate these aspects of the probiem of P. berghet
ransmission,  Under the general heading of the parasite, the following must be
tuken into account —

1. The strain or linc of parasite,

The state of the gametocytes,

3. The state and extent of the general infection in the vertebrate host,
4. The state and behaviour of the parasite in the invertchrate host.

5. The nutritional requirements of the sporogonic stages of the parasite,

[

Under the general heading of hosts one must consider :—

i. The choice of vertebrate host.

2. The cheice of invertebrate host,

3. The reactions, passive or active, of the invertebrate host to the presence
of rhe, parasite,

It is ohvious from a study of the accompanying table {Table I} -hat the strain
of P, berghei used is important. It is net obvious however, what the ideal criteria
are. Tt can usually be assumed that the fewer the number of blood passages
through laboratory animals the better chance the Plasmodium has of establishment
in an alien mosquito. Vincke, Peeters and Frankie (1953) go so far as to state that
it is of importance to use only sporozoite-induced infections of P. berghet, a condi-
ton unfortunately impossible in laboratories remote from the gallery forests of
the Katanga. Yet is this the case? In our series the least successful strains were
ihe most freshly isolated as spornzoite-induced infections from wild caught
. dureni. Equally the strain used in the most successful attempts at cyelical
transmisston to date, those of Perez-Reyes (1953), had been passaged a namber of
times through rats. I, however, the admonition of Dr. Vincke and his colieagues
is well-founded it gives proof of what an unamenable parasite P. berghei is.  As
far as I have been able to dizcover, there exists only one strain of P. gallinaceum in
the laboratories of the world. All lines stem from the strain isolated by the late
Professor Brumpt in 1gg5. Despite this, and despite the innumerable transfers,
the haphazard modes of transmission and the lengthy series of blood passages,
P. gallinaceum rvemains as easily transmitted cyclically by a wide variety of ano-
phefine and culicine mosquitoes as it was on the day it was isolated.
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The wheole sjuestion of the strains of P, berghet vequires more careful examina-
tion than it has received in the past.  In the first place it is dubious if it i3 correct
to refer to the numerous infections of £ berghet mamtained in various laboratories

s “strains . The confined geographical and biological distribution of P, berghei
makes it likely that many of the lines isolated derive from one parent strain.  For
instance, five infections in iive rats resulting (rom the bites of five 4, durent trapped
at the saree time and in the same place will not as a rule represent five genetically -
diflering strains.  They will represent five homogenetic lines.  There is even the
distinct possibility that all tines of this parasite derive from the one parent strain,
Ou the other hand, it is true to say that P. berghei is a relatively unstable organism,
A strain of P, berghet maintained in onc laboratory behaves differently from another
strain maintained uader only slightiy ditfering cirecumstances in another laboratory.
Two lines in the same laboratory though derived from one infection but later
passed in different host species, will display variations in virulence, rate of mukti-
plication and production of gametocytes when subsequently compared in the
same host specics.  Such variations were well illustrated in a recent correspondence
in the Transactions af the Royal Society of Tropical Medicine and Hygiene (Galliard, 1954 3
Hawking, ros4a ; Muaegraith, 1g54). There is ample cvidence for this m»,ta,bﬂ]t)
in the hehaviour of the gametoeytes which will be discussed later.  Although
some of this behaviour may be due to the host (Greenburg, Nadel and Goatney,
1054}, many variations are undeniably parasite phenomena,

This sitwation leads the binlogist to a consideraton of the phylogenetics of
P. berghei.  This parasite fulfils mcmy of the characteristics of a *‘ rare species
as discussed by Huxley {1942). Tt is geographically and biologically highly
focalized and can have little opportunity for progressive adaptive change and no
great evolutionary plasticity.  Under such conditions the parasite will be expected
to indulge in a series of random and frequently regressive or at least useless changes
in genctic character (the so-called Sewall-Wright effect) which is likely to lead it
w hecome even more reliant on u specific environment. 11 this view 1s accepted,
it is not surprising that P. berghet should grow successfully only in A, durent and
the completely unrelated A, azlecus. At the same time, it would not be unreason-
able to assume that the genctic character would be more labile than that of a
parasite more in accord with a wider range of environmental stresses but only in
the sense of possessing neutral genes which under different conditions of increased
growth will produce chance characteristics. It must be remembered though,
rhat such characteristics would he unlikely to prove biologicaily useful to the
parasite, uscful as they may be to the malariologist. The parasite then would be
expected o react quickly to alien hosts and diets.  Further the parasite could be
expected to throw up random variations uf frself, the * variations which scem to
ws In our ignorance to avise spontancously ™ {Darwin, 1859), which if isolated will
develop into sub-species, or, among the protozoa, cven into species. Such a
phenomenon probably has occurred in this case and given us P. vinckei.

In conclysion it may be said that such a closed vector-host system as prevails
in the case of P. berghei will prove diflicult of access from a Jaboratory point of view.
Attenipts to break into this system will frequently provide inconctusive and con-
lusing data. Previous expericnce will prove as often uscless as not, and chance will
play the major rae.
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This depressing conclusion reinforces my growing belief that useful as P.
hergher snay appear as a tool in the hands of the malariologist, the biochemist and
the physiologist, it is to the biologist a cul-de-sac and as such shouid not be accorded
a falsely important position among the malaria parasites. This view may also be
raken as a warning that much information collected about this parasite will prove
misleading if apphied generally in mammalian malaria,

I+ now hccomes neeessary to study this parasite from the point of view of
gametocytogencesis.  This has been done with considerable thoroughness by Relfaat
"1954) and provides an example of a neutral gene character becoming prominent
owing to an increased rate of growth i a new homogenous environment. A
brief resumé of Refaat’s findings cap he made as foliows -—

1. The absolute numbers of gametocytes recached a peak between rg and
16 days alter intraperitoneal inoculation of one million parasites into three months
ald raty,

2. Gametocytogenesis failed completely in the 8.P. 28 S. Keiberg strain after
thirreen serial blood passages through newly weaned rats and in the R.S.V.P.
strain. after seven serial blood passages through white mice. Microgamete
formation procecded normally up to the disappearance of the microgametocytes,
These results were shown to hold true on several accasions.

3. (ametocytogenesis remained normal for two years when the R.S.V.E,
serain was blood passaged alternately through rats and mice. It also remained
normal after four months of latency in adult rats.

4. The power of gometocylogenesis, once lost, could not be regained by

{a) passage of the line through refractory hosts, whole ¢r splenecto-
mised,

by allowing the line to remain latent in normal hosts,

{¢) various alterations in the hosts’ diet, including additicas of g-anino-
benzoic acid, pteroylglutamic acid or Vitamin B complex,

id} subsequent alternate passages through rats and mice,

5. A gamctocyteless line has the power of causing a normal line to lose the
faculty of gametocytogenesis after only one week, when the two lines ure present
in the same host. This was shown not to be a simple overgrowth phenomenon
but a definite loss of gametocytogencsis on the part of the normal line. (These
two lines were derived from two different so-called strains of P. berghei originally
solated three years apart). A gametocyteless strain of P. vincker did not suppress
gametocytogenesis in a normal straun of P. berghel, The effect could onjy be
vbtaiped by using the living parasite. 1 have had the opportunity of confirming
the results listed 1, 2 and 3 above with the S.P. 172, 8 P. 208 and S.P. 235 strains,
sSimilar results have been noted by Vincke et o/ (1953). On the other hand,
apparently not all strains behave similarty, The 5.P. 27 8, Keiberg strain retaied
its power of gametocytogenesis after numerous blood transfers through hamsters.
The Mukata strain used by Pcrez-Reyes {(1953) infected 4. azfecns despite an
uuspéecified nuntber of blood transfers through rats.

" Two zomewhat surprising conclusions are to be drawn from this work.
Firstly, gametocytogenesis in F. bergher is of a labile character, while the loss of the
powdr of gametocytogenesis is an apparently fixed character. Secondly, the factor
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causing the loss of gametocytogenests 15 transierable. While the former conclusion
merely reinforces my belief that P. herghei is genctically unstable, the second
vonclusion is an exciting one, The only analogy scems to be the ability of the
desoxyribonuclcic acid from a drug-fust sirain of bacteria to confer drug-resistance
upon a normal strain when it is introduced into the substrate of the normal strain.
In the case under consideration we have the fransfer of a quality apparently more
permanent than drugeresistance under much more complex and fleeting circums-
tances. It would scem that the newly dominant gene causing the loss of gameto-
cytogenesis in one line can cause the simifar but still neutral gene in the other line
1o become quickly dominant,  Since there can be no hybridization of the two
lines it is difficult 1o understand how this influence is brought to bear.

An interesting speculation which is suggested by this tnstability in the sexual
hehaviour of a Plasmedium is the support it may give to one or other of the two
conflicting theories concerning the phylogenetics of the genus, Does such an
instability tell against the theory of insect host origin of plasmodia and support
the theory that the plasmodia represent the last stage of an evolutionary shift within

the Coccidiida and away from the sexually stable Eimertide ?

While on the subject of the gametocytes of P. berghet some comment should
be made concerning their morphology. A healthy gametocyte of P. berghet always
displays easily visible pigment scattered over its entlire cytoplasm. If pigment
is not easily visibie then the parasitc is not a gametocyte. I the pigment is
clumped and vet the parasite is uninucleate and fills the host cell then it is a
degenerate gametocyte. Somectimes in mice a large asexual trophozoite will be
seen in a host red cell with punctate basophilia and this can be mislcading. Rama-
krishnan, Satya Prakash, Krishnaswami and Mohan {1953} posed the question
of what constitutes a mature gametocyte, They answer the question by stating
that the generally accepted criterion is a scattering of the pigment throughout the
cytoplasm of the parasite (Gambrell, 1937).  Under no circumstances should this
definition which was intended for avian malaria parasites he accepted with
reference to mammalian malaria parasites.  The only posible criterion which
can be accepted for the mammalian malaria parasites is that the macrogametocyte
should entirely fill the host red cell and that the microgametocyte should ali but
i1l the host red cell. I am econscious that many iltustrators show what purport
to be mature gametocytes, particularly of P. malarie and P. orele only one half or
three quarters filling their host cells.  This s completely misguided. I have seen
many gametocytes of P, ovale with well scattered pigment incompletely filling the
red cell.  These gametocytes were immature and unable to infect Anopheles.  This
remains true of P. berghei and no otlier eriteria are acceptable.  Ramakrishnan
et al. {1953) have rendered a most useful account of their experiences and their
cliscussion 1s mosl valuable.  Their experiences with the gametocytes of P. berghei,
however, require some comment. [t should be said al the outset that it is doubtful
if their Strain T was at the time producing gametocytes.  The mode of maintaining
the strain was such as to cause the disappearance of gametocytes. The illustrations
show several forms which I should not have diagnosed as gametocytes of P. berghet.
Some gametocytes were said to he in polychromatophilic erythrocytes, a circum-
stance which I, in agreement with Corradcetti and Verolini (1951}, do not believe
vceurs. It is also sigoificant, I believe, that these authors noted that after ten serial
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vassages through rats, Strain H touk on the appearances of Serain I, but after
one passage through a hamster, Strain Il regained its normal appearance. This
roughly accords with the experiences of Refaat {1954).

The next consideration is the state of the infection within the vertebrate
hust.  Numerous experiments have shown that the fifth and sixth days after inocuia-
ion of more than one million parasites are the ideal times for infecting mosquitoes.
This has been confirmed fully by the results of Perez-Reves {1953). This forces
the conclusion that the number of gametocytes present in the peripheral biood has
tittle bearing on the problem as they do not reach a maximum until the fourteenth
day. These experiences are similar to those of Lumsden and Bertram (rg40)
who foumd that the gametocytes of P. gallinaceum are most infective to £des egypti
vrior to the time of maximum gametocyte production. It appears that the same
inechanism may be at work with P. krowlest infections in rhesus monkeys. Recent
vescarch with P. faleiparum (Young, Hardman, Burgess, Frohne and Sabrosky,
1948 ; Muirhed-Thompson, 1954) has shown that sheer numbers of ganictocytes
are not the deciding factor in the infection of mosquitoes. It scems probable
that the decisive [actor is the amount of nutrient material, chicfly hzmoglobin
that is available to the growing gametocyte.  In heavy infections with such active
parasites as P. bergher, P. gallinacenm and P. knowlest, there is a great loss of hamo-
globin on the part of the host and a tendency especially in P berghet to invade
unmature red cells having a poor supply of bamogiobin, Below a certain critical
level of nutriment the gametocyte will not be capable of gamete formation and
subsequent fertilisation. In particular, the formation of the microgamete is often
incomplete in heavy infections, I have seen violent micregamete formation taking
place m heavy P. berghei infections ten days after inoculation when a high propor-
tion of the resultant free microgametes, on staining, could be scen to lack nuclei.
o would be wusclul to know the percentage of microgametes lacking nuclei on
successive days of the vertebrate infection,

The behaviour of P. berghet in the invertebrate host presents the most interest-
ing problem of all. Repeatedly we have been successlel in obtaining oskinetes
and young oscysts in large numbers.  Frequently we have obtained nearly mature
and fully mature oscysts on the seventh and cighth days alter feeding. Yet on
only one occasion have we seen nurnerous sporozoites in the glands of a mosquito.
Somewhere sporogony is halted. We know that it is often retarded and halted
at the: young oacyst stage. We know the formation of the bluck spores of Ross
i the nearly mature oiacysts is abnormally frequent. But what of the mature
aaeysts filled with sporozoites ® These have been seen on the ninth and tenth
days ghowing o thickening of the cyst wall and deqeneral!ve changes in the
sporozoites. Despite all this we have been left with the conviction taat sporozoite
bearing oscysts do burst and refease sporozoites into the hemocalome but none
ot very few of the sporozoites reach the salivary glands. P. berghe: is not alone in
Jisplaying this last phenomenon. It has been noted in P. schwelzi infections by
Rodhain and Lassman {1940), in P. gonderi infections by Garnham (r9353) and in
P. knowlesi infections by Hawking {rg546). One or both of two mechanisms may
be at work here.  Is it thal the Dody fluids of unnatural invertebrate hosts kill the
naked: sporozoites and in some cases cven retard the oicysts (Garnham, 1g53) ?
Or is at that the chemotropism which draws the sporozoites to the salivary glands
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is not suitable {or P, berghei in these unnatwral vectors 7 Fither theory is attractive
and both are difficuit to prove or disprove. It would be useful to repeat the
experiments of Weathersby (1952) using P. berghei by inoculating gametocytes into
the thorax of mosquitoes.

One method of attack upon this problem was to asswine that the laboratory
mosquitoes lacked some metabolites cssential to the sporogonic development of
P, kerghei.  The ohvious metabolite was p-aminobenzoic acid which we know to
he essential to P. berghei (Thueston, 1954 ; Hawking, 1954 : 1954¢) and also
essential to sporogonic development of Plasmedinm (Terzian, Stahler and Ward,
1952). However, the addition of this substance in varying quantities has not
brought any improvement in the sporogonic development of P. berghei. Fulton
{1954} has recently shown that methionine is also essential for the growth of P.
herghet and this substance might well be tested in this conncetion.

Vincke ef al. {rg953) echo the opinion of many other workers in considering
the choice of vertehrate host to be of great importance.  This opinion has arisen
due to the repeated fatlures experienced by vartous workers using a variety of
apimals and the success of Yoeli and Wall (1951 1 1952) using the hamster.  While
the hamster moay be the animal of chowce, 2 number of facts militate against tov
great an importance being placed upen such a choice.  Firstly, since the success
of Yocli and Wall {1952}, failure to transmit has been as complete with hamsters
as with rats. Secondly, although Yoeli and Wall (1g52) reported failure with
rats, T was able at that time to obtain similaz results in a few cases using rafts.
Lastly, no real test has been made of the refative virtues of hamsters and rats, owing
to a reluctance 1o transfer from the already proven hamster.

I am doubtfui if the hamster has any intrinsic value which makes it 2 superior
host to the rat in studies of this type. I also entertain the suspicion that the best
vertebrate host for these purposes should be Thamnomys siurdarser as being the animal
least likely to select regressive genetic characters not apparent under the natural
conditions of transmission. It is obvious that the mouse should be avoided as it
is 2 host of uncertain capacity for the sporozoites of P. berghei and because it allows
a rate of development which may be inimical to both gametocytogenesis and
sametogenesis. None of our experiences gives any indication of the relative value
of age or sex of the vertebrate hosts.

As to the choice of invertebrate hosts there is littde that can be said which
is not immediately obvious. The laboratory mosquite of choice is A, aglecus if
it can be obtained. A stephensi, A, gambiz and A. gquadrimacuinius have been shown
to be of limited value.  The outstanding problem in this ficid is the cage-coloniza-
tion of 4. dureni which one fecls should be possible but which is obviously hedged
about with the greatest difficulties,

The behaviour of the mosquito in refation to the parasitc has been discussed
above 1o some degree. What makes a mosquite susceptible or insusceptible to
plasmodial invasion remains a question beyond our present knowledge.  Consid-
erable advances have been made in recent years in rendering insusceptible verteb-
-ate hosts more lable to parasite invasion. The use of cortisone, A.G.T.H.,
certain dictary deficiencies and splencciomy are well known.  More complex are
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the techniques involving the introduction of susceptible host extracts inte re-
fractory hosts, Such techniques have allowed McGhee (1951) to establish P,
lophure in infant mice, and Desowitz and Watson (1953} to establish Trypanosoma
sivax i rats. s it too wild a surmisc to suggest that some enterprising malariolo-
gist should inoculate extracts of A. dureni into laboratory bred Anopheles or hybridise
A, dureni with a lahoratory bred Anopheles to produce a cage-colony of susceptible
Anopheles ?

CONCLUSIONS.

Details of various attempts to transmit P. berghei through mosquitoes are
giver.

Some attempt is made to analyse these and other resunlts with special reference
to the genetic characteristics of P. berghei.
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PLASMODIUM BERGHEI AND CHEMOTHERAPY*
ay
J. SCHNEIDIIR,
[Paris.)
(Septembir 21, 1954.)

SINGE 1944, when I first obtained a sirain of P, bergher, 1 tried to find out it thus
new plasmodial strain could possibly be used for the study of new antimalarial drugs.
From 1937 onwards, we used for owr investigations first P. relictum precox of the
vanary, then P. gallinaceum and also Hemoproteus padde. The discovery of P. bergher,
a parasite mpablc of iafecting a laboratory mammal, scemed to be of primary
importance as it would enable to study activity and at the same time toxicity of drugs.

In fact, up to the present time, the investigation of the chemotherapeutic
index of drugs (to which the pharmacologist seems to attach perhaps too
greal an importance} was carried out under unreliable conditions,  Since they
thought that the study of toxicity in birds was unreliable, one compared the
activity of the drug against an avian plasmodium and assessed its toxicity on
mammals such as mice, rabbiss, etc.  Until recently the onty mammals on which
the study of the activity and toxicity of drugs could be carried ot at the same time,
were monkeys, animals the scarcity of which was a Himiting factor for systematic
mvestigation.  Since the discovery of P. berghel, we were justified, therefore, in
hoping that the results of Jaboratory investigation on this parasite might be
applicable to man more directly than heretofore.

During vur preliminary work, we intended to test the susceptibility of this plas-
ntodium to know antimalarials. In our first paper (Schneider of al., 1949} we have
reported in our findings that P. berghei was susceptible 1o the action of quinine,
mepacrine {quinacrine) and chloroquine {nivaquine). On the basis of these results,
we attempted to cstablish a2 more precise laboratory test. To do that, it was
necessary to induce in the experimental animals a discase of standardized severity.
Until now, all attempts to transmit the parasite through the Anopheles were either
a fatlure or presented extreme difficulties.  We were, therefore, compelled to use a
direct insculation of infected blood Irom one animal to another healthyone. We soon
found that this method gave us satisfactory results and that the inoculated animal
hehaved as if there had been ne exoerythrocytic form of the parasite and the normal
course of the infection was not altered in the later host. We were able to show
{Schneider and Schneider, rg50) the absence of * incubation * period since the
blood of the receptor was immediately inlective after the intrapcritoneai inoculation.

*The editor is grateful to Dr, L. J. Bruce Chwazt Malaria Servu:(‘, Medical Dcpartmcm ngena, for
kindly ranslating the original paper [rum French to 1 g'!;ab —--Lidfior,

{ 273}
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After Vincke, we found that, of all the usual laboratory rodents, the mouse
was by far the most susceptible to P. derghei and it is on this animal that we
standardized our test and carried out the investigations.

The test aims at producing a considerable parasitemia within a standard
time of less than 24 hours and at the production of a disease of an increasing
severity and constant mortality,  These results could be obtained with equal
case by intraperitoneal inoculation as by intravenous inoculation.

To obtain a standard infection, we use, as mentioned in our paper (Schneider
and Montezin, 1950), an intraperitoneal iaoculation of one-tenth millilitre of blood
parasitized by P. berghei. The constancy of the results is assured by using a pooled
and citrated {(sodium citrate two per cent) blood of several mice which have more
than ten per cent of parasitized red blood cells. The usc of pooled blood makes
it easy,to inoculate under standard conditions a large number of mice and increases
the chances of obtaining standardized infection.

The course of the infection is rapid and the parasitemia increased regularly
during the first five days. Alter that the parasitemia increased less constantly
and is always followed by the death of the animal within the following periods
based on a study of 150 mice -—

42 per ceat dic during the first five days;
23 per cent die hetween five and ten days;
20 per cent die between 1o and 20 days;
15 per cent die after 20 davs.

'These results are of adequate constancy and allow to carry out systematic studies
of antimalarial drugs. After three vears of work, we have summarized n a paper
‘Schneider ¢t al., 1952) our results and compared P. berghet from this point of view
with P. relictum and P. gallinaceum. We were able to assess the activity of investi-
gated drugs on the basis of our ““ test of cure ™ (* test du fraitement curatif ) which
consists in administering the drug under investigation during five days after the
inoculation. We helieve that the minimum effective dose of the drug is that which
is followed by a disappearance of parasites from the peripheral bloed for at least
three days after 1he end of the treatment. Our results were always interpreted with
reference to control mice inoculated on the same day with the same pooled blood
a3 used for experimental mice.

On the basis of this test, we were able to work out the minimal cffective

dose against P, berghe? for the following drugs :—

Plasmochin

Rhodoquine

Chloroquine

Pentaquin

Isopentaquin

Primaguine

Mepacrine

Proguanil

Metachloridine

Pyrimethamine.

The results of our investigation are shown in Tables I and I1,
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Owur data have shown considerable differences between. the activity of some
drugs on P, berghei and on the two avian plasmodia, P. reliclum and P, gallinaceum.
Several other authors have also studied the activity of antimalarials on P. berghe
‘Gondwin, 1949 ; Thurston, 1950 ; Hill, 1g50 ; Black, 1951) and some of them
have shown that drugs which are poor antimalarials in bhuman infections, have
a very high activity against P, berghei.

We found that proguanil which is an excellent schizonticide in cases of
susceptible strains of malaria in man, shows a relatively poor activity on P. berghet
since its minimal effective dose is less than half the LDg,.

On the other hand, we found that pyrimethamine {Daraprim, Malocide}
shows an extremely high activity against P. berghei. It is a drug the chemothera~
peutic index of which is by far the highest, while in human malaria its therapeutic
value is less than that of chloroquine.

Both chlioroguine and mepacrine have their chemotherapeutic indices close
wo one another against P, berghei.  Chloroguine in man has much higher activity
than that of mepacrine. Its chemotherapeutic index for P. relictum is higher than
that of mepacrine while in P. gallinaceum its chemotherapeutic index is five times
a3 bigh as that of mepacrine.

Finally, one must remember that drugs classified as gametocide may have
a considerable therapeutic value on account of their preventive action, on relapses
vi P. vicax. Plasmochin, Rhodoquine, Pentaquin and Isopentaguin, all have
chemotherapeutic indices less than one.  Only primaquine bas a refatively high
chemotherapeutic index although below that of P. relictun and P. gallinaceum.
Thus had P, berghei been the only parasite used in the laboratory, neither proguanil
aor Plasmochin, Rhodoquine, Pentaquin and Isopentaquin would have heen
selected for their value in human malaria.

After three years of work on the use of P, berghet for evaluation of antimalarials,
we, think that this parasite may be used in the laboratory for testing antimalarial
drugs. [ts particular advantages are the regularity of the course of induced infec-
tion and the simplicity in interpreting the results of tests. A word of warningis,
however, necessary against the use of this plasmodium alone for festing anti-
malarials. We consider that strains of . relictum and P. galiinacenm must be
maintained in a chemotherapeutic laboratory and must be used also for systematic
testing of drugs. We also helieve that the Roehl’s test on Hemofiroteus paddz is
needed for completion of any systemnatic drug testing. Only the comparative
agsessment of results obtained by means of the latter tests will enable one to obtain
the best information with regard to activity of antimalarials and pave the way for
the most successful stage of clinical experimentation.

SUMMARY.

Since 1949, we have investigated the possibilities of employing P. bergier
infections in mice for routine tests on antimalarials,  Our preliminary investiga-
tons showed that several antimalarials were active in P. derghei infections. We
then proceeded to determine the minimum active dosage (D.MUAL) for all the
known antimalarials against P. berghet infection in mice.



- Sehneider, 279

It was found that the chemotherapeutic vocfficient %) which s the ratio
between the DALA, and the fethal dose for 50 per cent mortality (1.D. 50}, was
in many cases very different for many drugs against 2. berghei from the coefficients
previously determined by us for the same drugs against P. relictum precox tn canary
and P. gallinaceum in chicks,

P. berghei is highly susceptible to some antimalarials such as chloroguine,
mepacrine and pyrimethamine. On the other hand, its susceptibility to Plasmo-
chin, Tsopentaquin and Proguanil is low. It is obvious that had P. berghei been the
only parasite used for screening the latter groups of drugs, not one of them would
have bheen considered useful in human malaria.

Althouglr we consider that P. berghei is convenient and useful for [aboratory
investigations o assess the activity of new drugs, we believe that this parasite
should not be the only one used for such investigatians.

The main superiority of . berghei in the screening of antimalartals is that both
activity and toxicity of drugs can be studied simultaneously while with avian
plasmodia, toxicity must be studicd in mammals.

We consider that prior 1o clinical wials of new antimalarials proved effective
in P. berghei, they shounid be tested against other plasmodia in the laboratory,
specially in P. relictum precox and P. gallinacenm inlections.

'The comparisen of results of activity of drugs against all the three of the above
species will enable one to assess the potency of drugs more accurately and to avoid
faitures m clinical wriak.
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SOME PHYSIOLOGICAL AND PATHOLOGICAL PROCESSES
IN PLASMODIUM BERGHEI INFECTIONS IN WHITE RATS.

BY
B. G. MAEGRAITH.
. Liverpool School of Tropical Medicine, Liverpool-3.}
\Qetuber 18, 1954
THE CGOURSE OF INFECTION IN ADULT RATS.

In this laboratory we use a standard intraperitoneal blood inoculum contain-
ing onc million parasitized cells. Parasites which have been passaged by intra-
peritoneal inoculation once weckly produce a severe infection from which most
animals recover. The parasites frst appear in the peripheral blood three to four
days after innculation, and steadily increase in numbers up to the yth to 12th day.
The infection rate then falls vapidly, parasites disappearing from the peripheral
blood within a few days. If parasites are subinoculated frequently and passaged
at a slage in which the parasitemia is increasing rapidly in the donor animal,
much higher infection rates tend to develop and more animals die, usually in
hemoglobinuria.

The intection rates recorded by various workers in P, berghei infections in adult
rats differ considerably. Galliard {tq54), for instance, states that not more than
five per cent infection rate is reached in his adults, though much higher rates occur
with the same strain in young animals. Hawking (1954) describes a parasitemia
of 5 1o 20 per cent in the ordinary Iaboratory infection. This is in conformity
with our own experience but we have observed much higher rates in some animals,
particularly after vapid passaging of the strain as deseribed above.

The course of an infection which develops in a host depends on many
factors, which include the environment under which the animal is kept.  This is
clearly seen in the inhibitary effects of milk or starvation on the parasite {Maegraith
et al., 1952; Ramakrishnan, 1953).

It has been claimed that the results of experiments with organisms such as
P. berghei cannot be interpreted unless the exact age and weight of the animals
concerned is stated. Jt is our beliel that, although such factors are no doubt of
considerable importance, they must not necessarily be regarded as rigid inherent

(281 )
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qualitics, which may determine the success or otherwise of invasion by a given
parasites in a given host {Maegraith, 1954a). It s becoming increasingly clear
that extrancous circumstances, many ol which may be forfuitous, such as the
Jiet of the host and the presence or absence therein of essential substances, may
govern the result of parasite-host contact.  This seems to be true not only of the
acceptance of the parasite by the host, but also vice versa {Maegraith, 19548). For
instance, increasing anorexia and [ailure to take food, ay the disease state progresses,
‘nay considerably influence the progress and outcome of an infection m a given
animal, Tt may be for reasons of this sort, for cxample, that infections in rats fed
an mitk diet plus para-aminobenzoic acid are sometimes morc severe and
more commonly fatal than those in controls fed on a normal diet.

"The incrcase of parasitemia to a peak and the subsequent rapid disappearance
of the parasites closely parallels the course of infections in self-limited forms of simian
malaria.  The evidence so far available suggests that the same processes are at work
and that the development of a crisis followed by recovery can be related to the
appearance of acqgoired resistance {Thurston, 1953},

CHANGES IN THE HOST.

Anemia.—As the infection progresses, the numbers of circulating red eells
fall considerably, until the crisis 1s reached, after which they are gradually restored
w» normal,  Counts as low as one to two million cells per comm, may be met in
severe infections. '

The anmmia which develops in a given case 38 usually roughly proportivnal
t the degree of red cell infection and the fall in blood hemoglobin concentration
keeps roughly parallel. This is not always the case, however, and at present we
have no certain information as to whether infected cells only are destroyed at
sporulation or whether, as in other fornws of mammalian malaria, wainfected cells
are also lysed.  On the whole, the severity of the anemia attained ind the heavy
deposits of hemosiderin found in the spleen indicate thar there is some lysis of
anparasitized erythrocytes.

Umnvaded red cells.—In infections in adult rats, reticulocytes commonly
increase in numbers in the peripheral blood before parasites appear. The sub-
sequent development of reticulocytosis is discussed below., A few nucleated red
~ells also appear as the infection develops. During the patent infective and early
siages of the post-critical recovery phase, uninfected erythrocytes may show little
change in appearance except in very heavy inlections, particularly in youny rats, in
which there may be considerable anisocytosis and some potkilocytosis. The
reticulocytes and other voung red cells exhibit some polychromatophilic staining
reactions,

Jnvaded cells.-~The parasites show a pronounced predilection for young red
veils. Most invaded celis are polvchromatophilie reticulocytes.

“These cells are larger in diameter than the mature erythrocytes. Most
contain reticulum which can usually be demonstrated in Infected cells during the
carly stages of the parasite, Invaded reticulocytes are present in the earliest stages
of the blood infection, when a few mature erythrocytes may occasionally become
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infected. At the beighe of parasitemia almost all the mvaded cells are reticulo-
cytes; the few normoblasts present may also be invaded. After the crisis, parasites
are still found most commaonly in reticulocytes, but an eccasional mature cell may
be also infected. At this stage, when the infection rate is rapidly falling, more than
half the circulating red cells may be reticulocytes. During the recurrences,
reticulocytes are again much the most commonly Invaded cells.

Invasion of the host cell, whether mature or reticulocyte, is commonly
multiple.

Reticulocyle production.~—Reticulocytes, as mentioned above, appear early in
the discase and increase in mumbers with the rise of the parasitemia. Subsequent
tu the crisis the nambers continue to rise for several days alfter the parasites have
cleared from the blood and then reduce slowly, Immune rats frequently develop
a persistent reticulocytosis after infection.

The rise in reticulocyle numbers which occurs during the parasitemia in
P. berghet infections is unasual in mammaban malaria. In eivax malaria, for instance,
although the parasite has a somewhat similar predilection for reticulocytes,
the numbers of immature cells do not appreciably increase during the overt infec-
tion. Significant reticulocytosis develops only after spontancous recovery or treat-
ment has ended the parasitzmia, in spite of the {act that reticulocyte production in
the bone marrow continues during the parsitemia. It is therefore believed that
in wivax infections sume kind of inhibition is exerted on the flushing of young cells
from the marrow so long as parasites are present in the peripheral blood {Maegraith,
1948). 'This is clearly not the case in berghei malaria, in which reticulocytes are
apparently being produced in large numbers as the infection progresses. For
example, in an fnfected adult white rat we observed 36 per vent red cell infection
at the crisis, the vast majority of which were reticulocytes.  Five days later, when
only one per cent of red cells were infected {again almost all of which were
reticulocytes), 67 per cent of the total red cells present in the peripheral circulation
were reticulocytes,

The differential invasion of reticulocytes sometimes appears to influence
the progress of an infection. Thus the development of invasion may be explosive
in animals with an already existing reticulocytosts, such as occurs in phenylhydra-
zine poisoning or in immune animals after splenectomy. Again, the parasite count
in non-immune rats after very heavy infective inocula reaches iwo to three per
cent (roughly the percentage of reticuiocytes in normal blood} in the first few
days and subsequently falls for a day or two before rising again as the reticulocyte
nambers begin to rise (Fabiani ef al., 19524 1 19528).

The significance of the invasion of reficulocytes is not understood. Tt is
pussibly concerned with the nutritional requircments ot the parasite.  The import-
ance of the reticulocyte invasion in the assessment of the result of studies on the
respiration of parasites in whole blood is referved to below.

The contents of red cells—Red cells [rom rats infected with P, berghei have been
found to have a shightly higher than normal content of glucose. On the other hand,
the serum glucose and total blood glucose fall considerably when the parasitzmia
is high (Mercado, 1952). This suggests some disturbance in the interchange of
sugar between the cell and its plasma environment. No work appears to have
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been published concerning the celljplasma proportions of other substances, such
as potasstum and sodium, which are considerably affected in other forms of mamma-
ian malaria.

Microincineration of the parasitized cells has, however, revealed the interest-
ing fact that the content of calcium in the body of the parasize increases as it becomes
rore fully developed. Since it appears that calcium is not normally present in
any quantity in red cells, it may be inferred that the parasitized red cell removes
this ton from the plasma (Kruszynski, 1952).

Evidence of uptake of phosphorus by the invaded cell has also been obtained.
Whitiield (1953) studied the aucleic acids in solid residues of the blood of
mice infected with P, berghei (25 per cent parasitemia) and showed that they were
wresent in considerable excess over the amounts in noriral bleod. Nucleic acid
from parasites freed from their host cells had an absorption spectrum similar to
nucleic acid of yeast and had a somewhat similar purine and pyrim'dine content.
Recent work by the same author has demonstrated the uptake of radicactive phos-
phorus from the plasma in increasing amounts during the development of the
asexual cvcle. The lipid fraction of the parasites exposed to phosphorus contained
halll the total sotope present. Smaller amounts were incorporated in  the
nuclegtides.

Fragility.—~Mercado and Coatney {1951) have suggested that the commonly
observed increase in the number of extracellular parasites seen in the infection
towards the climax, might indicate some increase in fragility in the parasitized
red gells.  No measurements of saline fragility seems, however, to have been
reported; no obvious difference in the reaction of normal and infected blood to
shaking in saline at g7°C. has been noted in our faboratories.

Hemoglobin pigments.~-The infected cell becomes paler as the parasites develop
within it.  This is in keeping with Black’s observations (1947} in faleiparum malaria,
and may be interpreted as indicating the disappearance of hamoglohin from the
cell, It is presumed that the hamoglobin is metabolized and converted in part
into haemozoin, which appears refatively late in the parasite as pale small yellowish
brown granules or dust.

Inert pigments, other than hamozoin, have not been detected in the blood
during the mfection. No intracellular methemoglobin has been detected,

Hemoglobin is found m the plasma in severe infections with nigh degrees of
anenia, but no other pigments have been detected. Frec hamatin or haematin-
albumin are not produced.

Organ function.-—The fall of blood sugar, evident especially in the serum,
which Mercado {foc. ¢if.) had demonstrated in the late stages of severe cases ix
similar to that recorded by Fulton {1939) in P. knewlssi infections and Marvin
and Rigdon (1g945) in the terminal stages of P. gallinaceum infections in ducks.
Recent studies by Mercado and von Brand {1954} have revealed that there is a
voncomitant fall in liver glycogen, together with a more slowly developing fall
m carcase glvcogen. This fall in glycogen could not be explained by the semi-
starvation which occurred during theinfection and the avthors have concluded that,
i view of the fact that infected animals fed sugar deposited Iess liver glycogen than
vontrols, a true disturbance of liver function has occurred.  The same possibilities
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a3 to vrigin of this dysfunction exist in this as in other protogoal infections
{Macgraith, 1951},

Nothing appears to have been done regarding possibie changes in the renal
function of rats infected with herghei, which might he expected to be reflected in
the plasma. Since animals which die frequently show hemoglobinuria, a full-
scale investigation of the effects of the infection on kidncy function would be
rewarding, The intrinsic difficulties of studying repal function in rats probably
accounts for there being so little information oa this subject. The pigments derived
from hamoglobin which appear in the urine arc oxyhemoglobin and methzmo-
globin., Where the methemoglobin is produced is uncertain, as in other forms
of hezmoglobinuria. In those animals which suffer from hamoglobinuria, hemo-
globin can usually be detected in the plasma, but methemoglobin cannot.  Itis
probable therefore that the latter is formed either in the kidney or in the urine
collected in the ureters and bladder. Recent experiments in our laboratories in
dogs in hzmoglobinuria have indicated that methemoglobin is in fact formed
in the kidney.

The carriage of oxygen by infected biood ~~The oxygen uptake of whole rat blood,
volume for volume, is greatly increased when the red cells are parasitized with
berghet and also in the pust-crideal recovery, when parasites are few or absent and
reticulocytcs mumerous, The oxygen uptake of parasitized blood is almost in-
variably linear with time with or without added glucose. Respiratory curves
drawn when parasites and nucleated cells have been inhibited by cyanide, are
normal in appearance. In berghei infection, therefore, the in vitro dissociation and
association of oxyhamoglobin is apparently normal, The potential of blood oxygen
carriage is thus a function of the avatlable intracelular liemoglobin so that, except
in extremes of amrmia, which are unusual, the carriage of oxygen from lungs to
tissues must be thus considered normal in berghes infections ( Jones ef al., 1951},

Tn this respect the infection behaves like other forms of mammalian malaria.
THE METABOLISM OF P. BERGHEIL

The metabolic pathways and nutritional requirements of the parasite are
still littde understood.  Studies of the offects of variation in host diet and of starva-
tion on the development of the parasites (Ramakrishnan, 1953) have so far revealed
littie more than was alrecady indicated by the reaction of the orgarism to anti-
biotics and antimalarial drugs and their antagonists.

The inhibition of the development of the asexual eycle of P. berghet in rats
on a milk diet first described by us (Maegraith ¢ al., 1952) has been confirmed by
a number of workers, though not by all. It is presumed that the action of para-
aminobenzoic acid in these experiments is similar to that demonstrated by chemo-
therapeutic experiments. The indications are that the amino acid is required for
folic acid metabolisss. Thurston {1953) has suggested that P, kerghet can utilize
para-aminobenzoic acid to synthesize folic acid, unlike P. gallinacenm, which requires
preformed folic acid, This suggestion is particularly interesting in view of the recent
demonstration of the exacerbation, rather than suppression, of P. gallinaceum
infections in birds given a milk diet {Ramakrishnan ef al., 1953).
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The effect has also been vhserved in P, knowlest and P. cynomolgt infections in
monkeys and in P. vivax infections in man. Hawking {1953) and others have
demonstrated the re-cstablishment of the cycle when para-aminobenzoic acid is
added to the diet.  We have confirmed this, but find with Bray and Refaat (1953}
that the restoration of the cycle, when the amino acid is given, is incomplete.  In
our experience other substances, including methionine, also partly restore the
development of the parasite. The restorative action of para-amincbenzoic acid
in the milk-fed infected animal is in keeping with the known sensitivity of the
parasite to sulphonamides and the limitation, of this response by the amino acid.
Tt also links up with the action of the amino acid in P. berghei infectiors which have
heen suppressed by starvation, a suppression which, incidentally, may also be
overcome by the exhibition of mecthionine.

The study of the metabolic processes of the parasite by ringing ihe changes
i1 the host diet is important in so far as the parasite during such experiments is
present in the host in ifs natural red cell environment. The use of biological
products such as milk has obvious disadvantages which could be overcome by
developing synthetic diets of known constitution, in which various test substances
could be added or excluded at will. Fulton {(1954) has pointed this out recently
and recorded some of his observations on P. berghet infections in rats on synthetic
diets, - He has in this way confirmed the partial activity of para-aminobenzoic
hcid, and other substances, including methionine.

It seems to me that there is a considerable future in experiments of this
xind which should help in the understanding of the fundamental metabolic
processes of the parasite developing undisturbed in its natural environment. So
far, fittle has been achieved that had not already been demonstrated by experiments
with chemotherapeutic agents and their antagomists, hut we are only at the
heginning.

The study of the respiration of parasitized red cells with the object of deter-
mining the respiration of the parasite, is open to criticism in any plasmodial infec-
tion, since it has to be assymed that the respiration of the host cell is unchanged by
the invasion and is the sdme as that of the uninfected erythrocyte. In berghet
infections the proposition is made much more difficult hecause the host cell is the
reticulocyte, which itsell respires freely, as may be scen in terms of oxygen uptake
in Table [

' Tansre I

O, uptake of parasitized rat blood related to parasitemia,
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Our own experiments have shown that the exaninatton of whole blood or
washed parasitized cells is thus valueless so fiar as determination of parasitic meta-
bolic activity is concerned. We have, however, studicd the reticulocyte itself and
obtained some interesting information regarding ils metabolic pathways which
may be of some significance so far as the parasite is concerned, and possibly help
to explain the predilection of the organism for this particular stage of the erythrocyte.
In these cxperiments reticulocytes obtained from rats treated with phenylhydrazine
and from rats in the post-critical stage of P, berghet infections, behaved identically.
The pattern of carbohydrate metabolism indicated that they oxidized pyruvate
sia the Krebs cycle.  The source of energy could not be determined in the absence
of information concerning the permeability of the reticulocytes to glucose which
itself had no apparent effect on the oxygen uptake. Krebs has suggested that the
energy might come from glucose present within the reticulocyte envelope.  In view
of the fact that other plasmodia when scparated from their host cells also oxidize
pyruvate sia the Krebs cycle (Moulder, 1948), it can he concluded that the
parasites metabolize carbohydrate at any rate in the same way as reticulocytes,
though not mature red cells. Tt appears to us therefore to be impossible with
present techniques to study the carbobydrate metabolisny of P. berghet in ity natural
environment. Investigations of its metabolism must be made after the parasite has
heen forcibly removed from its host cell and thus from its natural environment.
Whether observations made under such conditions can be related to the reality of
the vespiring parasite within the reticulocyte in the host s open o considerable
doubt (Jones ef al., 1953},

The oxygen uptake of parasitized blood in P. berghei infections is, however,
interesting from another point of view. Taken as a whole, it presumably repre-
sents the uptake of both parasite and host cell, and thus shounld give some indica-
tion of the oxygen requirements of the blood fer se in relation to other tissues during
the infection. Even in heavy infections in anamic rats, we have found that the oxygen
wsedd by the infected blood (about o-7 mi. per hour) was comparatively small and
represented roughly only r/2oth that required by the liver tissue of the same animal.
This suggests that qualitatively the oxygen used by the blood was too little to affect
the host directly. 1o discover what the quantitative importance of this usage
may be in the infected animal is at present beyond the range of our technical
methods. The indications are, however, that the demands of the parasitized hlood
are unlikely to be of such dimensions as to provide direct competition between
host and parasite, particularly in view of the apparently normal carriage and
discharge of oxygen by parasitized blood {Jones ¢t al., 1951}

One particularly interesting feature of the metabolism of P. berghet is the
producdon of hemozoin, which appears late and rather sparsely in the parasite,
bat which is often distributed cxtensively s the tissues,

Fulton and Rimington (1953} have shown that this pigment contains
hamatin. Its precise composition has not, however, heen satisfactorily determined.
In view of s insolubility it is possible that the contained hematin may be
combined with some larger molecule. It has been observed that more haxmozoin is
produced by oceasional parasites which have invaded mature cells than by those in
reticulocytes.  This may be explained partly in terms of the haxmoglobin content
of the two types of red cells, but mayalso be the result of slightly different metabolic
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processes.  The breakdown of hamoglobin by the parasitc has not vet been
studied but therc is evidence that the protein fracticn is utilized and may
he a source of methionine, which is also probably obtained from the plasma
sutside the infected cell,  The fate of hamozoin after its escape at sporulation
has not yet been determined. It is known, of course, that it is picked up by
the reticulo-endothelial tissues or lies free in tissue spaces, but whether the iron
contained in the pigment is available for the reconstitution of hamoglobin is un-
known. Preliminary experiments in our laboratories suggest that it is not avail-
able, and that in ndividual animals living on an tron-deficient dict or possessing a
minimal iron reserve, infection with berghe: may remove sufficient iron from effective
cireulation to interlere with the {ull reconstitution of hamoglobin alter recovery
from the infection. This work, which is still in progress, emphasizes the import-
ance of studying iron. metaholism in malaria in gencral, especially in areas in which
falciparum malaria is endemic, since in many of these the available mineral may be
sparse and the indigenous population may well he living on the verge of deficiency.

CHANGES IN TISSUES.

An acecount of the pathological effects of P. bergher infection in white rats i
hetng prepared in our laboratories, The work is still incomplete, but the results
in a few instances may be of interest to readers of this symposium.

The spleen.—The spleen in the rat enlarges rapidly and becomes pigmented
carly in the infection. It may cventuvally become enormeus. T the early stages,
there is massive accumulation of blood cells in the pulp and sinusoids and deposition
of pigment is evident mostly in the intercellular spaces.  As the infection progresses,
the blood cells held in the tissues increase in number and parasitized and unpara-
sitized cells alike are eventually taken up by the macrophages, which come to
coatain large amounts of pigment.  Some of this pigment is haxmozoin, but the
areat bulk of it gives the Prussian Blue reaction and 1s probably hemosiderin, It
thus appears that large quantities of iron, presumably available for the reconstitu-
rion of hiemoglobin, are held in the splenic tissues during the infection,  After the
vrisis the spleen rapidly diminishes in size and pigment content.

As (he crisis approaches, the phagocytosis of cells and pigment appears to
increase and the numbers of lymphocytic cells decrease.  The picture thus closely
resembles that described in scllilimited simian malaria (Taliaferro and Cannon,
1936). In fatal cases, signs of cellular degeneration and necrosis may appear in the
pulp tissue.  These have also been observed in the mouse (Rodhain, 1g951). The
relation ol this phagocytosis to the appearance of acquired immunity has not
ver been determined.

The adrenals—In view ol the wide intercst in the wnctional significance of
adrenal hormones in malaria (Overman, 1951 ; Fabiani and Izzo, 1952}, it is notabile
that in our experience changes in adrenal tissue seem to be exceptional in P, berghet
infections. The commonest change is congestion of the vessels of the medulia and
the inner layers of the cortex.  Parasites are often presen: in large numbers in the
smaller blood vessels and deposits of hamozoin are common. Occasionally, small
Tocal areas of degeneration may be secnin the cortex.  Ag in tissue elsewhere in
P, berghei malaria, the tendency of invaded cells to lie along the vascular endothelium
15 less marked than in other plasmodial infections. '



Fagian _fewinal o Midarinlagr, 8, 4, Decomber 1954,

Fag, €

Fig. 2.

Praie NIV

Liver in fakal P herghei

indection in the aslull eat,

Note 1he comtritobndar distrihution of the degenerative and necrotic sissue, and the reisiivdy

i and E: wmrdium puwer

normal cells aear Il portal wacts,  The eratral and midzonal snasoids cuaain Kuppler
velis foaded with lemezaoin,  The Kuppfer rells near the periphery conizin much less
pigment.

Fiver i facal P derghei infeciion in the aduly mat. M and E; bigh power'.  The same
Tiver ax in Figure 1 above,

Apparently nurmal cells around a povial trace.  Litile pigment i Kopplvr cells,

The centriiohutar  region.  Nete ceflular  changes snd  pigmentoontaining  mwullen
Kuppler cells,



Innian tmonal of Malmwiegr. 8 1. P ebwer TG,

Pratn XV

B, 1 Faver moinenl P, beoghed infoction  the adult rm.  H awd B high waien s,
The ame lrver a in Pl XTIV, Fig, 1,

The centrilidnelar righom. Ve eellulae changrs and eemest aauaming wwollen
Knpplfer colln,

¥ig. L. "gwl-.:in]-‘w“wip' ber ghel inlé--‘]tinn i wdul albine ral csacrificed earls 1 auectivn ..
‘H ami Kz mwdivem poweer . Tmense ventriloblar congestion includisg sinesyids a
viniral s eip, * od



B. G. Maegraith. 289

The liver. —Foci ol leucocyies and arcas of ncerosis have been described in
the hiver in mice mfected with P. bergher (Levaditi and Vaisman, 1g50) ; in cotton
rats Rodhain (1g57) has described pigmentation of the liver and necrotic lesions.

We have studied liver changes at various stages of the infection in white rats.
In animals killed at the height of infection or killed by the infection, the lesions
are very similar to those described in other forms of malaria {Plate XIV, Fig. 1).

Changes in the polygonal cells vary from fatty degeneration to frank uecrosis,
The cells near the periphery of the lobule are usually litdle afiected.  Those in the
mid-zone and central regions show extensive latty change and necrosis {Plate XIV,
Fig. 2 and Plate XV, Fig, 1),

The Kuppfer cells in the peripheral region of the Jobules are often little
affected. In some animals, especially those in which deposition of pigment is
extensive, the peripherally placed cells may be somewhat swollen and filled with
pigment. The Kuppfer cells in the mid-zone particularly are commonly swollen
and choked with pigment, often more so than the cells ncarer the central vein.
This distribution of pigment 1 interesting in view of the relation of its intake by the
Kuppfer cells to the prevailing interlobular circulation and differs from the peri-
pheral distribution sometimes described in other malarial intections, especially
after repeated infection.  In contrast to the pigment found in the spleen, most of
that held in the Kuppfer cells does not appear to contain free iron. Occasienally bile
pigment is found in the centrally placed hepatic cells, The cells do not contain
any other pigment, even hemosiderin,  Hamosiderin mav thus be apparently
sparse in the liver although plentiful in the spleen of the same animal. Edington
1952} has reported similar ahsence of hemosiderin in the livers in P. falciparum
infections in the Gold Coast.

In occasional specimens, some swelling of the liver cells is suggested by their
close-set appearance,  This has been observed in all regions of the lobule. In
most, however, there is no evidence of swelling,  The sinuseids "are open and
filled with blood cells, many of which may be parasitized. In early lesions the
sinusoids in the central region are often grossly congested as is the central vein
{Plate XV, Fig. 2},

The Hver leston in its fully developed form thus closely resembles that seen
i other plasmodial and protozoal infectivns. The leston may ultimately involve
the central and midzonal lesions but it appears to be essentially centrizonal. Its
pathogenicity is discussed elsewhere (Macgraith, 1951).

SUMMARY.

Some aspects of the development of blood transmitted P. bergher infections
in white rats are described.  The predilection of P. berghe: for reticulocytes is stressed,
particularly in relation to measurement of the metabolic activity of both
host cell and parasite. Information regarding the latter acquired indirectly by
various techniques indicates that the metabolic pathwaysare similarto those of other
mammalian plasmodia and to those of the reticulocyte. The composition of the
hemozoin produced by the parasite is discussed, especially in relaton to the iron
reserve of the infected host.  The evidence suggests that the iron contained in the
pigment is not readily available for resynthesis of luemoglobin.  Certain features
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of organ fanction are discussed and lesions developed in severe and fatal infections
in the spleen, adrenals and liver are briefly described.

The evidence presented here concerns the development of £, berghet infection
srarsmitted by blood inoculation. It is assumed that the erythrocytic phase is the
pathogenic form of the parasite, and that the clinical course of invasion is thus
probably independent of the method of infection. It is advisable nevertheless to
recognize that this is an assumption and that in some respects evidence based solely
on artificial blood infections may need to he interpreted with caution in so far as

the vector-horne disease is concerned.
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ON SOME PROBLIEMS ARISING FROM THE OBSERVATION
OF THE INFECTION WITH PLASMODIUM BERGHEI!
IN MICE AND RATS.

BY
G. RAFFAELE,

Astiluto i Malariologia " E. Marchinfava”, Roma.
September TG4,

Vug imterest aronsed by the discovery of Plasmoedium herghei (Vincke and
Lips, 1948), a parasite of several rodents, is stated by the vast literature grown
in a few years on the subject.

The availability of a malaria parasite of mammals as common as the mouse
and the rat awakened the hope that, it might be possible to study the various
problems connected with malarial infection, which are dilficult to follow in man
and too expensive in monkeys, owing to the cost of each single specimen. Bird
malaria was considered by many researchers to difter too much from that of
mammals, cspecially so after Shortt and Garnham {1948} affirmed 1bat the
exoervthrocytic phase of mammals developsin the hepatic purenchima cells, whereas
that of birds develops in the cells of the reticuloendothelial system.  Although
the writer of this note (Raffaele, 1952) made some objections to the interpretation
the British workers gave of their findings, bis objections remained up to
now without an answer ; the opinion of the British workers was generally accepted
and bird malaria was pul on a different category than the malaria of mammals,
In consequence, P. berghet was considered as the choice parasite for the study of
some problems concemed with malarial infections in mammals, especially owing
to the low cost of the animals susceptible to the infection.

It will be suitable, for shortness sake, to omit the wsual chronological list
of ail the works done on infection with P. berghei and 1o limit our task 1o call the
aitention upon the results obtained by us and by other rescarchers.

I, BEHAVIOUR OF P. BERGHEI IN MOUSE AND RAT,

M workers oo the subject have ascertamed:

ca; that the white mouse (Mus musealus var. albusi is cxtremcly susceptible
1 the infection, from which it dies in 4 few days. The common mouse {Mus
museulus) shows the same susceptibility;

(291 )
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(b) the white rat (Mus avrvegicns var. albus) is equally susceptible to the
infection, which causes a high mortality in young rats, but heals spontaneously in
adult rats, giving way to a complete and Yasting immunity against reinfection;

{¢) both in mice and rats, the parasite develops in erythrocytes and gives a
high bone-marrow reaction, 1o which corresponds the immisston in the circulating
hlood of young crythrocytes (macrocyies, reticulocytes) and sometimes, especially
with bigh parasitemia, of normoblasts.

To explain this different susceptibility towards infection i young and adult
rats various opinions were advanced, in which the important factor of age was
perhaps not always held in sufficient account. The expericnce gained in the
Tstitutq di Malariologia on 130 adult rats, of more than five months of ige, is that the
infection with P. berghei never caused death,

The different behaviour of the infection, according to the age of the rat,
is one of the most characteristic features of P, berghel and finds no correspondence
i any other type of malaria) infection in man or animal, at least in none that was
sxperimentally studied.,

It is not casy to cstablish the intervening factor, which with the growth of
the animal modifies the course of infection. Often the infection gives rise in
achult rats to a severe parasitemia, which, having reached a high peak, subsides
quickly and in a few days the parasite disappears from the common blood films,

In young rats the infection acts in the same way as in mice and mortality,
at least in rats aged one to two months, is 100 per cent.  Splenectomy makes the
infection in adult rats as severc and lethal as m young rats and in mice,

Fabiani et af. {1952a) give a variable rate of mortality in rats ipfected with
wo different strains of P, berghed, respectively 47 per cent and ig per cent, but
they do not mention the age of the rats. It is possible that the different races of
white rats, kept in different laboratories, react 1n a different way. Galliard and
Lapierre {1950) observed that the rate of mortality decreases with the increase of
the animals weight, that is with their growing up. This was observed alse by
Fabiani elal. (19525) who state that the Wistar race of rats isless resistant than other
vaces to infection, thus confirming the opinion that the different resulis are due to
the different vaces of white rats used,

Raffaele and Baldi {1950} with six new-born rats, from different mothers,
movulated with P, berghei, had 2 100 per cent mortality 10 to 19 days after inocula-
tion.  Out of four rats, inoculated during the second month of age, two recovered
spontaneously and one had a lethal infection; the fourth dicd from chance causes.
Qut of five rats horn from one delivery, and inoculated one after the other at
different ages, the following results were obtained: 10, 20, 30 and 45 days after
birth, death ; 60 and 80 days after birth, inoculation fails; 130 days after hirth
infection is followed by spontaneous recovery. It seems that between the second
and third month the rat acquires the power to control infection. Tt iy therefore,
possible to find already in the sccond month of life some tolerance to infection,
which becomes the norm in the adult rat.  This has been demonstrated by the
recent extensive work of Zuckerman and Yoeli (1954).
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‘The different hehaviour towards infection of adult and young rats is perhaps
worth of a careful study. It is possible that in adult rats the immunity reaction is
quicker and more cffective than in young rats, but it would be interesting to see
if the phenomenon is correlated only with the immunity reaction or if there is some
other factor.

The quick setting in of anemia, together with a sirong medullary reaction,
is ane of the most characteristic features of the infection with P. berghel. Tt seems
obvious that anemia is the result of the destruction of erythrocytes by the parasite;
but the doubt arises that the desiruction of the red blood cells might be connected
with other factors, considering that there are other kinds of malarial infections,
which, although giving way to high parasitemia, do not cause such a quick fall in
the number of red cells,

The researches led by Mercado and Coatney {1953} on the infection with
P. berghei in a meadow mouse {Microfus pennsyl vanteus) with a mortality of about
33 per cent, show a swift decrease of ved cells, both in mice which had an infection
followed by death and in mice which recovered. The number of parasites in the
first three to four days was remarkable, but not higher than that observed in other
malarial infections.  Even in human infections with Plasmedium falciparum, where
a high parasitemia is often reached, there is not always such a quick and dramatic
fall in the number of red cells. Maegraith {1948) reported of P, faleiparum infec-
tions which were not followed by severe anemia. In 20 cases ohserved by Fairley
and Bromfield (1933}, the number of red cells differed from 1°8 to 52 millions per
comm. It might be that the severc anemia that sometimes affects the patients of
acute malaria 1s to be ascribed not only to the destruction of red cells by the parasite,
but also to processes of hemolysis or to a still unknown process of destruction of
ceythrocyies,

In the infection with P, berghei in rats and mice, after the prepatent period,
there is such a sudden fall in the number of erythrocytes that it seems unlikely to
ascribe it only to the destructive action of the parasite.  First of all, as observed
by Galtiard {1949), Baldi (1950}, Ramakrishnan and Prakash {1950) and Corradett
and Verolini {1951}, there seems to be no doubt that most of the parasites develop
into the reticulocytes. Fabiani ef al. {19524) observed that parasitemia increases
at the same rate as reticulocytes in the blood. The problem is why the adult
normal red blood cells, scantly invaded by the parasites, disappear so quickly,
giving way in all cases to a rapid and severe anxmia. Tt would be interesting to
tnvestigate which factor brings about the destruction of the adult normalerythrocytes,
the number per comm. of which in rats and mice is, as we know, nearly double
as in other mammals or in man.

1. DURATION OF INFECTION.

In the animals kept in the faboratory of our Institute, the average length
of infoction was more ot less as observed by other workers. In g3 mice the infec-
ton lasted in the average 13'5 days from the day of inoculation (Baldi, 1952}
‘The prepatent period lasted in the average 5°5 days, with a minimum of four and
a maximum of ten days. The average duration of patency was of eight days.
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Out of 75 inoculated rats, 13, less than three montas old, died. In lethal
infections, the prepatent period was in the average of 18 days, with a minimam
uf 12 and a maximumn of 22 days. The voung rat seems to oppose a greater
resistange to infection than the mouse.

In G2 adult rats, the duration of patency was variable; some had only a
stight and short parasitemia of about two to three days, Jollowed by a complete
recovery.  In heavier infections with a bigher parasitzmia (up to 20 per cent of
infected erythrocytes) the average duration of patency was of 15 days.

As Fabiani ot al. {19524) observed, the fall of parasitemia in rats which
recover is very quick and often « high parasitemia disappears completely in two to
three days.  The same authors observed that during the fall of parasiteinia, although
the binod contains many voung erythrocytes (polychromatophilic macro-
aytes and reticulocytes), the few surviving parasites are often seen in erythrocytes
of the same diameter as in those of normal rat. It would, therefore, scem that
in the adult rat the tendency of the parasite to invade young erythrocytes disappears
by the setting in of immunity, so that only those parasites remain which invade
adult, normal erythrocytes. It Jooks as if the persistence of infection, which can
be noted only alter subinoculation or splenectomy, is due to the few parasites
developing in normal erythrocytes.

Fabiani ef af. (1951 )} obscrved that in splencctomized rats after the
Jisappearance of the parasites from the blood films, there is often a violent
relapse with {atal ending; but in 13 rats, splencctomized after the end of the primary
infection, there was no relapse  This possibly means that in those rats parasies
Jdisappeared from the blood completely. Unfortunately the authors do not say
how long after the disappearance of parasites from the blood films, splenectomy was
serformed and it is therefore impossible to calenlate how Jong it takes for infected
rats th recover. In our laboratory a rat splenectomized 77 days after disappearance
of parasites from the blood films had no relapse.  Corradetti’s cpinion (1950]
is that in the surviving rat, the infection subsides within a period from 28 to 30 days.

111, IMMUNITY.

The mechanism of immunity towards P. berghel develops slowly, as is shown
by the fact that infected albino mice all die, even when infection lasts beyond the
ordinary limits of time, which are generally short.  Out of 93 inoculated mice,
20 had infections lasting more than three weeks: during this time immunity did not
reach such a degree as to avoid death. Thriteen mice, treated with synthetic
antimalarial drugs, recovered ; but rcinoculated two to Jour months after recovery
they all died (Baldi, 1g52). On the contrary mice kept on milk diet, following the
cechpique of Maegraith o af. (1952), and having a rather long infection {Raffacle
and Carrescia, 1954), achieved a remarkable degree of immunity. Out of 22
mice kept on milk diet, ten survived ; in those the infection lasted from 47 to 74
days and the mice recovered. Of those animals, four were put again on normai
diet and reinoculated {Chart 1). ‘The infection lasted a long time with a cons-
derable swaying of parasitmmia. In two of the reinoculated mice, an initial increase
it the number of parasites was followed by a strong decrcase, which lasted a few
days and was followed by a new increase. The four reinoculated mice died of
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the infection, which lasted respectively 48, 34, 33 and 15 days, with an average
of 32-7 days, whereas in the controls the average duration (calculated from the
day of inoculation) lasted 146 days. This seems to demonstrate that mice, which
owing to milk diet have a prolonged inlection followed by spontanesus recovery,
develop a certain degree of immunity sufficient to oppose a considerable resistance
i parasitic jnvasion due to reinoculation,

The acquired immunity of the infected mice kept on milk dict and recovered
was sufficient to protect them from a second inoculation, if this was performed after
they were put again on milk diet (Chart 2}.  In one of the mice, a scanty parasitic
invasion lasted a few days and was followed by short periods of light pavasitemia;
those periods were not modified by the return to a normal diet until spontaneous
recovery set in. In the second mouse kept at milk diet and reinoculated a speedy
parasitic invasion was observed followed by a rapid fall of parasitemia, untl
recovery set in. In mice kept on milk diet a noticeable degree of immunity is
established, able to protect them from reinfections.
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Tn adult rats, whatever the duration of the first imfection and the attained
degree of parasitemia, immunity is complete. In rats recovered from infection
and with negative blood at the microscopic examination as well as at subinocula-
tion tests, we were unable to obtain a clear parasitemia even by heavy inoculation
of parasites in the peritoneum. To three rats we administered from the day of
inocilation 100 mg. of PABA daily during seven days, and for other four days each
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second day, 1o observe if an excess of para-aminobenzoic scid could favour in some
way the parasitic invasion, but we had no positive results and the blood remained
constantly negative, Subinoculations, with blood taken from rats recovered after
iwo months, have always had negative results {Baldi,1952). We have here immunity
and not premunition as Sergent ef ¢l. {1924) understands it. Immunity appears
chiefly as a resistance; tolerance is of a moderate degree and does not last long.
Only in mice kept at milk diet a noticeable tolerance is observed.

iV. EFFECT OF MILK DIEL.

As already observed by Macegraith ef af. {1g52), milk diet modifies deeply the
course of P. berghei infection in mice, changing a rapid and always lethal infection
into one much longer and less severe, which often recovers, Hawking (1053)
established that this was due to the lack of PABA in milk diet and that the addition
of PABA 1t milk neutralizes its eflects. The observations of Maegraith ef al.
{1952} and Hawking (1953) awakened a wide interest.  Before them Geiman and
Mackee (1948) had observed the favourable effects of fasting on the control of
Plasmodium knowlesi infections in monkeys,

In our Institute, some experiences were done on the effects of milk diet
{Raffacle and Carrescia, 1954). The efficacy of such a diet was particularly clear
when begun a few days before incculation; if it was initiated the same day it was
Jess effective. It might be that the mice did not bear the simultaneous and
weakening effect of milk diet and infection; sometimes they died even from a low
" parasitemia. It seemed preferable to aceustom first the animals to milk diet and
o inoculate them afterwards. Out of 11 mice kpet on milk diet 2, 4 and 14 days
before inoculation, only one died from an infection which lasted g8 days. The
other ten mice all recovered after infections lasting from 40 to 74 days.

The course of infection in a group of cight mice, which were put on milk
diet 45 days before inoculation, was difficult to explain, It presented itself nearly
as in normal mice, i.e. short duration of infection, rapid increase ol parasitemia,
death. The only difference was that the mice we used were all over four months
of age; but this does not secm a sufficient explanation; because in mice, unlike
rals, infection with P. berghei has the same lethal course in young and in adult
animals.

As already observed by Hawking {1953}, we ascertained that the addition of
PABA to milk diet destroys the effect of the diet. What we could not explain
was why six new-born rats, three days old, ted by the mother and inoculated with
a small dose of parasites, all died in rr-15 days with very high parasitemia.
Hawking (1954) belicves that to obtain positive results with sucklings it is necessary
to keep the mothers at milk diet or at glucose diet. But the milk we and other
workers used in the experiments with mice and rats was cow milk, that is of an
animal kept at a normal diet. It is therefore not clear why the milk of the mother
has no action on the new-born. It might be that younger animals can synthesize
from simpler stuff the metabolites which favour the development of the parasite
in the blood.
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V. EFFECT OF SPLENECTOMY.

The observations of Galliard and Lapierre (1950} and of Fabiani ¢ al. (1951)
on the, effect of splenectomy in rats infected with P. berghe: led us to go over again
the same experiments and search the cffects of milk diet in splepectomized rats.
T'he work is still proceeding and the results will be published by Dr. Carrescia, who
15 follewing the experiments.

Splenectomy modifies the cousse of infection in the adult rat, which loses
ity resistance to infection.  Four achult rats, inoculated after splencctomy, devetoped
heavy. infections with high parasitemia, macrocytosis, erythroblastosis and severe
anemia. Al the rats died within two to four weeks. Hence the spleen seems to
he an essential factor in bringing sbout the resistance to primary infection in the
adult ‘rat.  Milk diet applied to splenectomized rats inocufated with P. berghe
has given, up to now, varying results; in some cases milk dier seems to be effective
even in splenectomized animals,

SUMMARY.

Investigations conducted at the fifstule di Malariologia of Rome on infection
with P. berghei in mice and rats reached conclusions mainly in agreement with
those . of other researchers,

‘The course of infection in adult and young rats differs. During the first
two months of age, the infection in rats 1y always letha:; after the third month
it. becomes milder and adult rats never «ic from infection, but recover spontaneously
and dcquire a complete and lasting immunity against reinfection.  Subinoccula-
von, performed two months after the disappearance of parasites from the blood,
is never infective  Splenectomy, performed about 8o days alter recovery, does not
bring the reappearance of parasites in the blood. Attention is drawn to this
difference in the behaviour of the infection in relation to the age of the animal,
which never occurs in other types of malarial infections,

It is striking how quick the strong anemia, peculiar to the infection, sets
i in mitce  the more striking as P. berghei seems to develop only in the reticulocytes
and the increase in the number of parasites in the blood seems to follow the increase
of reticulocytes and of the young red blood cells, It scems that anzmia is brought
about not only by the destruction of red cells by the parasite, but also by some
unknown hzmolitic factor.

Immunity in mice establishes itsel very slowly and comes through ounly in
wice, which, owing to milk diet, have a prolonged infection. An infection lasting
from: two to three weeks, and interrupted by therapy, gives no immunity against
reinfections,  In rats of more than three months of age, infection seems to confer
4 lasting and complete immunity.

Milk diet prolongs the infection in mice till, sometimes, a complete recovery
is reached, This diet seems to be particularly effective when begun 2-14 days
hefore inoculation with parasites. It resulted completely incflective in eight mice
maiptained at milk diet for 45 days before inoculation; in those mice infection was
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quickly lethal and it s difficuit to understand the reason of it

rapidly lethal also in six rats of three days of age fed by the mother,

Splenectomy in adult rats deprives them of any resistance towards infection,
which acts as in mice and in young rats and has a fatal ending. Spleen seems,
therefore, to be an essential factor in bringing about the resistance to primary

infection in adult rats,
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*¥XX. A physiological change ohserved in sulphadiazine resistant
strain.
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S. P. RAMAKRISHNAN,
SATYA PRAKASH
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V. N. BHATNAGAR.
{Malaria Insiitute of India, Delli.}
{November 10, 1954)

Hawrive (1953) showed that retardation of growth of P, berghet in rats fed
on an exclusive milk diet was restored if PABA was added to the mik. This
investigation also demonstrated that PABA is an essential nutrilite for the growth
and development of P. berghei. Ramakrishnan ef al. (1953) came to a similar
conclusion in their experiments on administration of pure nutrilites to infected
starved rats. Fulion (1g54) has confirmed the partial activity of PABA in his
investigations on feeding infected rats on synthetic diets.  Thurston (1953)
suggested that P, berghei can utilize PABA to synthesize folic acid.

P. berghet is known to be highly susceptible to sulphadiazine (Hill, 1g50 ;
‘Thurston, 1950 ; Ramakrishnan e ol., 1951 ; Mudrow-Reichenow, 1951 ; Raollo,
1951). It was also demonstrated independently by Thurston {1950}, Hill (1950}
and Mudrow-Reichcnow {1g51) that as in the case of bacterial organisms, action
of sulphonamides was due to its antagonism to PABA. Thus, by direct as well
as indirect evidence, it has been established that PABA is essential for the growth
of P. berghet.

* The investigation was financed by a grant from the Tndian Council of Medical Research.
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It has been possible to develop in the laboratory, strains of P. berghet which
are highly resistant to sulphadiazine (Rollo, 1951 : 1952 ; Thurston, 19359 ;
Krishnaswami ef 2f,, 1954). It would appear justifiable, thcrcfnre to infer that
a strain of P. berghet resistant to sulphadiazine does not require PABA for its
growth. : The results of experiments to test the validity of such an inference are
vecorded in this paper.

MATERIAL AND METHODS.

The parasite~~Two strains of the parasite were used. One was the strain
ariginally received in 1952 through the courtesy of Brigadier J. 8. K., Boyd of
the Burroughs Welcome Laboratories Lid., London. It has since been main-
rained in adult albino rats by blood passage and had undergone 146 passages at
the commencement of the current experiment,

The second stram of P. berghei, resistant 1o sulphadiazine, was developed
from the normal strain referred to above,  Since the sulphadiazine resistant strain
described by Krishnaswami ef al. {fsc. ¢il.) was destroyed, it became necessary to
develop another similar strain.  This was accomplished by passage of the normal
strain at its 1reth rat transfer, to mice successively, which were treated by gradually
increasing doses of sulphadiazine. The sulphadiazine used, the technique of
developrment of resistance, and estimation of the degree of resistance were the same
a3 described previously by Krishnaswam et al. (for. eit.), with the exception that
drug administration in the present case was not oral, bul parenteral, once daily
through the intraperitoncal route. At the time of the experiment, the degree of
cevistance was estimated to be more than 8oo times the minimum effective dose
of the drug required by the normal strain for clearance of parasitemia from
the peripheral blood.

Throughout the experiment, the dose of inoculalion was five million
parasites per mouse. The route of inoculation was always intraperitoneal.

The vertebrate host.~—FEighteen male albino mice, each 24 weeks old, were
used.  They were all from the mice colony maintained at the Institute, Through-
nut the experiment, they were placed in individual cages so constructed that the
animals could have no access to their excreta.

The eighteen mice were divided into two equal groups {I and IT) of three
batches (1,2,3,4,5 and 6) consisting of three animals each. One of the batches
1 and 4) from each group was fed on the standard diet.* The anirnals belonging
io the remaining four batches (2, 3, 5 and 6) were fed on an exclusive milk
dict commencing two days preor to inoculation. In addition to this diet, a
solution containing o2 mg. sulphadiazine per 20 gm. body-weight per mousc
was ddmmlstered oraily every ddy toc animals of two bhatches {2 and 3)

’Rtandard diet consists of 1—

" Whele wheat flour 0 parts.
Skimmed milk powder 6,
Pea nut s,
Dry brewers yeasl. . 2 .
Shark liver 6il 2,
Claleium carbonate ) S
Table sal; ooy,
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The object of sulphadiazine administration was to inhibit apy possible intesunal
synthesis of PABA in mice which were deniedt PABA on account of the milk diet.

The milk preparation used was * Nespray ’ of Nestle Company Ltd, The
powder was mixed in water to form a thick paste and served in a metal cup. The
quantity offered to each mouse once a day was in excess of its daily consumption.

Five million parasites of the nornal strain were inoculated to each of the
mice of Group I and a similar inoculum of the resistant strain was given to each
of the mice of Group II on the same dav. Thin blood smears, obtained
daily from each mouse, were examined after being air dried, fixed in methyl alcohol
and stained by J. 8. B. stain. Smears, in which no parasites could be seen in
100 consecutive oil immersion flelds, were declared negative,  In positive smears,
the number of parasites per 10,000 erythrocytes were enumerated.

RESULTS,

The course of infection in mice on different diet regimens, miected respec-
tively with the norma! and suiphadiazine resistant straing, is shown in Tables [
and TI. The infections due to the normal and resistant strains in the respective
groups of animals fed on balanced diet appear to be identical.  TIn other words,
the normal and the resisiant strains hehave in the same way in mice when thetr
PABA intake or its synthesis was not interfered with in any way.

"There isan appreciable difference in the course of the two infections in the two
groups of mice which were fed on an exclusive milk diet. The normal strain showed
extremely retarded growth confirming the now well-known fact that a mitk diet
is deficient in PABA in the ahsence of which the parasitc cannot grow. The
resistant strain on the other hand, seemed to ygrow equally well in animsals fed on
an exclusive milk diet and in animals fed on balanced dict.  "The absence of PABA
in the mitk diet which has an inimical effect on the normal strain, did not in any
way seem to affect the resistant strain,

When intake as well as the synthesis of PABA were climinated by milk and
sulphadiazine administered to mice, the behaviour of not onty of the resistant and
pormal strain differed, but also that of the resistant strain was diflerent in the
batches of mice on milk alone and mitk and sulphadiazine, respectively, The
normal strain showed cxtremely scanty parasitemin and soon disappeared {rom the
peripheral biood just as it did in mice fed on milk alonc. The resistant strain on
the contrary developed in two amimals almost normally upto the thirtcenth and
fourteenth days of patency and then the parasitemia showed a decline and finally
disappeared from the peripheral blood from the twentieth day. In the third
animal the parasitemia was comparatively mild from the tenth day of patency
and disappeared from the peripheral blood from the eleventh day.

DISCLUSSION,

The results of the experiments show that the progress of infection duc to
the resistant strain is similar to that of the normal strain in animals fed on a balanced
diet (Table I and I1). In other words, the course of iafection due to the resistant
strain is not altered from that of the normal strain in animals where the intake or any
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possible intestinal synthesis of PABA is not interfered with in any way. The
infection due to the resistant strains also developed in a normal fashion in animals
to which the intake of PABA was highly or totally restricted by the milk diet.
The resistant strain, therefore, would appear to be physiologically different from
the normal strain in respect of its requirement of PABA.

‘The nature of such a physiological change in the natritional requirement
of the resistant strain lends itself to two explanations. Firstly, it is possible that the
strain has learnt to do altogether without PABA. Secondly, it is possible that the
resistant organism has been altercd in such a way that it is able to synthesize its
PABA requirement, which is absent in its milieu. The former is considered likely
because the resistant strain developed and multiplied almost normally for the first
several days in animals which were given sulphadiazine and denied PABA by
the milk diet (Table II).

The object of sulphadiazine administration to mice, in addition to the milk
diet, as already stated, was to suppress any possible intestinal synthesis of PABA.
But the course of infection due to the normal strain was found to be no different
in the mice fed exclusively on milk from that in mice which were given sulphadia-
+ine in addition to milk (Table I). It would, therefore, appear that there was
hardly any intestinal synthesis of PABA inthe stock of mice used in the experiments.

In view of the above, the course of infection due to the resistant strain in
mice fed on milk as well as sulphadiazine is unexpected. In general, the parasi-
temia in the three mice was milder than in the other six. In one, it increased up
to the thirteenth day of patency and declined thereafter. In the second animal,
the infection was milder and the decline was apparent from the ninth day of
patency. In both these animals, the peripheral blood was negative to parasites from
the twentieth day. In the third, the parasitemia was even milder than in the other
rwo and disappeared from the peripheral blood from the eleventh day onwards.

These unexpected results are not likely to be uue to any direct action of the
sulphadiazine on the strain which is already resistant to the drug. The
total amount of the drug administered per mouse in the batch up to the
thirteenth day of patency is 2'6 mg. per 20 gm. body weight. This dose is only
about 22 times the dose required by the normal strain for clearance of peripheral
blood (Krishnaswamu ef al., 19354) and as already pointed out the degree of resis-
tance of the strain used in the current cxperiment is very much higher than
Boo-fold.

In view of the above, the question arises whether the action of prolonged
daily administration of small doses of sulphadiazine is different from the adminis-
tration of much higher doses of the drug for shorter periods which is without any
cffect on the resistant strain. This would appear to be unlikely especially when
the total dose of drug administered daily over the prolonged period is much less
than a single dose to which the organism is totally resistant.

It has already been shown that the restriction of PABA intake by the milk
diet does not in any way interfere with the growth of the resistant strain (Table IT).
The unusual behaviour of the resistant strain in mice which were given both milk
and sulphadiazine, could only be attributable to some action of the drug. In view
of the strong evidence that the resistant organism is indifferent o the presence
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or alwenee of PABA in its melien, it would appear justifiable to presuome that sulpha-
diazine may act on some nutrilite other than PABA not so cssential to the normal
strain but very essential to the resistant organism.  Whatever the factor may be,
it would appear that it is considerably less sensitive to sulphadiazine than PABA.
A great deal of further work will be necessary to clucidate the explanatior: for this
finding,.

SUMMARY,

It has been established that a sulphadiazine resistant strain is indifferent
wr the presence or absence of para-aminobenzoic acid in mice fed on a balanced
diet as well as mice fed on an exclusive milk diet. This would indicate a physio-
logical change in the resistant organism with regard to its nutritional requirement
of PABA. The pOS‘slb]]Il\" of the resistant organism becoming capabie of synthesizing
its own PABA requirement is also considered.

The infection due to the sulpha resistant strain in mice fed on milk as well
as salphadiazine was much mitder than in mice fed only on milk. This raises a
question of a possible action of sulphadiazine on nutrilite(s} other than PABA,
possibly required by the resistant strain, but not by the normal strain.
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PRELIMINARY OBSERVATIONS ON ESTROGEN IN
P. BERGHET INFECTION.

BY
N. K. RAY
AND
AL N BOSE,
Dengal Ivmnmity Research Institule, Calcutta,
CSepieuber 30, 19541

REHCULO-ENDUTHELLAL systemn i the normal abode of malarial parasites
during the pre and exo-erylthrocytic stages of their development,  Estrogenic
substances stimulate this system.  Whether the stimulation of reticulo-endothelial
system by estrogenic substances can affect the growth of malarial parasites was
thus thought te be of interest.

Qur inbred Inhoratory white mice and rats show estrus every fifth or
sixth day.  The estrus cyele in them covers a period of five to six days. P
herghei blood-induced infection in our faboratory mice and rats requires five to
+ix days to reach the peak densiry of infection. Tt is thus quite evident that what-
ever be the position of the estrus cycle at the time of inoculation with P, berghei,
the parasites during their whole process of development, to reach peak parasitemia,
shall encounier all the phases of the estrus cycle. It was therefore thought to
he worth while to study the effect of the cycle in blood-induced P. berghei infection
in our laboratory mice and rats as the work might throw some light on the inter-
relationship hetween parasitic growth, reticolo-endothelial activity and concen-
wration of estrogen in blood which varies during different phases of the estrous
cycle.

Olbservations were carried out with mbred laboratory mice and rats brought
up under same nutritional and environmental condition. Animals of same age
and approximately of equal weight were used in the experiments.  There were two
sets of animals, one conststing ol normal females separated from males, few days after
birth, and the other on which bilateral ovariecotomy had been performed while
still immature, Animals weighing 20-25 grammes in the case of mice and 50 to
60 grammes in the case of rats were used. By frequent examination of vaginal
smear, animals showing estrus regularly every Ave or six days were sorted out.
In case of ovariectomized animals vaginal smear was examined continuously {or
three weeks to ensure complete absence of ovarian action.  Ten units of standard

{309 )



EILy Observations on Fstrogen in P. Berghei Infection.

cstrogen was then given subcutaneously to each of the animals under observation.
Animals showing peak estrus on the third day of medication were wsed for the
purpose of inoculation with P. berghes,

In case of normal animals, inoculation of infected r.b.c. 105 per gm. body
weight was made during three different stages of the cycle viz. anestrus, proestrus
and estrus,  In case of ovariectomized animals subcutaneous injection of ten
wunits of standard estrogen was made and ioculation done with infected r.b.c. 108/
zm. body weight on three successive days on three differert groups.  The mode of
inoculation was in all cases intraperitoncal.  Examination of blood for estimation
of parasitic density as comparcd with the conirol was made on the filth day of
inoculation by thick and thin film procedures using Giemsa stained preparations
of blood from the tail vein of the experimental animals. The density of parasitae-
wia was determined by the number of infected r.h.c. per 1,000 r.b.c.

The results of some experiments on mice are given below in Tables ¥ and 11
as regards density of parasitemia, prepatent period and survival time after
inoculation.

: Tasre 1.
Normal animals.

i Namber of Average  : Survival | Prepatent
fanimals used | densityon | vime after | parasitemia
in vachgroup | the fifth day/ ! inoculation |

: 1,0 rhe, : i

i

Tnoculation during anestrous ... | ) 278+0 9-15 days 2
t

Fnoculation during pre-estrous ... ¢ H 2850 613 days 2

Tnoculation during estrous . AU 291 -4 P87 days p

i

f
1

n 1072 . More than 2

i three weeks

Tnoculation in ovaricctomized
animals

i
Male animals of same age and : ;
weight et tit o243 i 632 days
H i

2
.......... ..' A P P ] L VU VY U
TasrE II.
Ovariectomized antmals.

1 ! | -

| Number of | i Average - Survivaliine

janimals used | Prepatent  density on the after

;'m tach group period ¢ fifth day;  inoculatinn,

i ! 100N rbe. - (davs)

Inoculated on the fiest day of estroe |
gen administration

ot

3 100 Pogenm

Inoculated on the second day of ’
1425 H-16

|
! .
i [
{ i
estrogen administration et § 2 i
Invculated on the third day ol ! i '
estrogen adminisiration : b 2 ! 13-t 14
Normal ferale in anestrous e 5 2 | 26R-4 L 810
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From the results given above and from similar other studies, results of which
have not been given here it seems that our inbred laboratory mice inoculated
mntraperitoncally with one million infected r.b.c. per gramme body weight show no
marked difference as regards development of parasitic density when inoculated
with P. berghei during different phases of the estrus cycle.  Early death when
infected during estrous period is however of considerable significance as difference
jin parasite density is not such as would explain this difference in survival period.
The way the ovaricctomized mice react when infected withinoculum of same strength
creates some inteyest.  Density of parasitamia remains at a considerable lower
level suggesting that the absence of ovarian hormone might upset the metabolic
pattern in a way not favourable for parasitic growth. Table II further shows
that the effect of permanent absence of ovarian hormone cannot be neutralized
by injection of ten wmits of standard estrogen, which though, is quite sufficient
to start estrus.  The {act that the prepatent parasitemia is same in all the animals
of the two groups suggest that under no circumstances the appearance of the parasite
in the systemic blood from their natural abode (reticulo-endothelial system) is
hindered. Reticulo-endothelial activity cannot aflect the normal growth in blood-
induced infection in our inbred mice. Similar results were observed with rats.
Tt is very often not possible to draw any inlerence as regards human behaviouy
from animal experiment hence less severily of malarial infection in females after
menopause, and good results sometime observed in chronic malarial patients treated
with antimalarial drugs and testosterone requires cxtensive study.

SUMMARY,

1. Stimulating effect of estrogenic substances on the reticuto-endothelial
system do not affect the growth of P. berghei in our laboraiwory mice and rats,

2. Inoculation with one million infected r.b.c. per gramme body weight
during different phase of the estrus cycle has almost the same results as regards
parasitemia but mortality s earlier when inoculation is made during estrous,

5. Density of infection remains ata considerable lower Jevelin ovariectomized
mice and rats when inoculated with same number of infected r.b.c. per gramme,

body weight.
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In the study of malaria, there are many advantages in uilizing the pro-
nounced susceptibility of the mouse (Mus musculus) to Plasmodium berghei.  Among
these advantages is the availability of many highly inbred strains of laboratory
mice. Animals of such strains are considered to be genetically homogeneous and
therefore the element of genetic variability should be small in such populations.
Furthermore, if different reactions to P. berghet should be found among these various
inbred strains, the influence of heritable factors on the course of the infection could
be studied. We have found that such differences do exist,

Table 1 is a summary of data, taken [rom our published reports {Greenberg,
Nadel and Coatney, 1953 © 1954}, on the sarvival of various inbred strains of mice
after inoculation with the parasite, Cg7 black mice survived twice as long as SWR
(inbred Swiss) and 4 mice. A statistical analysis of the data revealed that the
various strains fell into four or five categories. In each cateogry there were no
significant differences in terms of survival; but survival within each category
differed significantly from all others.  Only the RIL mice spanned two cate-
gories,

i 313)
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TanpLe 1.

Surpival of mice of varios inbred strains inoculaled, when 2 months old, with 1 million
' ervthrocytes parasitized with P. berghei (Kasapa strain)

Strain ;. MNumber of mice Mean survival {days)

— S _l__s_m.. A
SWR e 21 881
C3H 23 , §-6a
DB . 76 ' 8-
STR .. 77 l 045
Brsunt ' 07
o580 L 17 : H) 48
BALBI o 65 : 12450
£37 Vrown - 3:1 J. 1233
117 A 18 1 14-39
AT Leaden .. HH j 15 tHY
: 17+ 60

Ca7 Black N 3l

Course of the infection in 14 hybrids of some of the strains listed in Table I
has been examined and a sutnmary of published and unpublished findings are
showr in Table II.  Again the difference in survival between the shortest-—and
the Jongest-lived strains is at least two-fold, Comparing the data in this table
with those in the previous table, 1t is apparent that all but three hybrids survived
significantly longer than the longest-lived parent. The hybrids not exhibiting
increased survival over the longest-lived parent were those resulting from crosses
betwgen closely related strains. ‘The analogy with the results of hybridizing corn,
tor example, is obvious; heterosis was obtained in the hybrids unless the parenty
were closely related. One could presume that the explanadon for heterosis in
ather. hybrids would apply to mice infected with malaria; the resuits arising in
consequence of a favourable recombination of many allelic genes,  Heterosis in the
mice ‘was fost in the F, hybrid {C57 Black x DBA F.) ond when the hybrid was
back-crossed to the shorter-lived parent {{C57 Black x DBd} x NE4], but it was
not lost when the backeross was made to the longer-lived parent {{(57 Black x *
DBA} xCrq7 Black]., These results would secm to eliminate such environmental
factors as maternal influence. The evidence strongly suggests genetic influences
on the survival of mice infected with malaria; but it also suggests that many genes
are involved in a complicated manner.

In the studics just summarized it was noted that while distinct differences
i survival occurred among various inbred sirains of mice and between them and

.... - -

*Thix is the symbol for “crossed with »,
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Taprr .

Survival of various hybrid mice inoculated, when 2 months old, with 1 multion erythrocytes
parasilized with P. berghel (Kasapa strain).

i

Uybrid ‘ Numberaf mice | Mean suevival (days)
(57 Black xC57 Londen b 25 I b1o28
BALBU A 2 : 1324
57 Black % 57 Brown b8 ; 1505
RALBH N {3H 30 i 13+ 10
AN DBA o 57 E 15°07
BALRC = DBA 13 ! 1§38
NTR~ A 143 1 17-85
STRxA* ... 165 J 19-31
€57 Leaden X DBA* Ha 19-25
(257 Leaden x4 {L4F) : 31 ; (9+20
(57 Black « DBA 44 ] 2123
!
{57 Black . . n j 2265
NTR =7 Black® l 13 W 4h
€7 Blackx DBA F,» 174 f Vit 14
5T Black < DRAY x DBA* ... FoD i 13-83
(€57 Black x PRAY X GA? Black» 81 206

* Prata fram Nadel, Greenberg, Jay and Coataey (unpublished).

their hybrids, there was nsually an almost complete overlap in the range of indivi-
dual deaths. The longest-lived groups had individuals which died early {six or
seveny days after inoculation), and the shortest-lived groups had individuals which
survived a long time.  Among DBA mice, for example, {Chart 1), most individuals
dicd in the first week of the infection, but some survived into the third week. In
many strains and their hybrids the distribution of deaths was distinetly bimodal
{Chart 1), STR x4 and in others (STR xC37 Black) there was only a single wave
of deaths, The bimodal distribution of deaths becomes more apparent when
large numbers of mice of various extractions are pooled (Chart 2},  There is one
distinct peak of deaths around Day 6 and another around Day 2x. Allof the 1,740
mice involved in these studies died by Day 36. The mean values for survivai which
have been presented in the tables are in essence a reflection of the proportion of
the mice in each group which survived the first peak or wave of deaths.
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CHART 1.
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20 -
10 =
0 4 i
301 STRX A |

NUMBER OF MICE

STR X C57 BLACK

20

FO

0.
0 1O 20 30 40
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Survival of yome inbred and hybrid mice infecied with Mlasmodium berghei. (Nadel
CGreenberg, Jay and Coatney, unpubtlished)., rinet. - (Nadel,
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An explanation for this himodal death curve was sought in an examination
of the pathological changes produced in short-{white Swiss} and long-lived mice
:Cn7 Leaden x A4, LAF) by P. berghei {Highman, Greenberg and Coatney, 1954).
By the end of the first week after inoculation, mice of both groups exhibited
pathological changes which were, howcever, more severe in the white Swiss than in
the L4F mice. Some pathological changes present at the end of the first week in
LAF mice, such as fatty infiltration of the heart smuscle, disappeared therealter. It



318 Host-parasite Relationships in P. Berghei [nfections.

was felt that the Swiss mice, most of which died within eight to ten days after
inoculation, died of toxamia or shock brought on by the rapid loss of erythrocytes.
_ The LAF mice, most of which survive to the third weck, died probably of anoxic
AREmia.

Tt was also found during the examination of tissues for pathological changes
thatt there were distinet differences between the two strains in the course of the
infection as measured by the number of mature and immature erythrocytes infected
1t varions stages.  In both groups, the infection duting the first eight days was
predominantly in mature erythreeytes. In Swiss mice, up to 84 per cent of the
mature, erythrocytes were infecled by Dav 8; in L4AF mice, less than 26 per cent of
these cells were infected.  In the latter, the infection in mature cells declined after
Day 8 unti] by the third week less than 12 per cent were infected. Accompanying
ihis decline in the infection of matuve crythrocytes there was in LAF mice an
nereasing predominance of young erythrocytes in the total population. These
voung erythrocytes were heavily parasitized {about 9o per cent) throughout the
vourse of the infection, Tn LAF mice, then, the inttial infection was predominantly
i mature erythrocytes, the Jater infection predominentdy in voung ervthrocytes.
In Swiss mice, the sccond phase did not occur because of the death of the animals.

A wmore complete study of the type of cells invaded at various stages of the
infection was then made (Greenberg, Highman and Coatney, unpublished), using
tour strains of mice which, in our experience, had a distinctly different mean survival
time: white Swiss {about cight days), (C57 Black x DBA4) x DBA backcross {13
days), Cr7 Leaden X 4 {20 days), and STR x C57 Black {25 daysi. In all the
mice which survived sufficiently long {ten plus days), there was a distinct peak of
mnfection in mature ervthrocytes on days 7 to 9.  Thereafter the count in mature
cells dropped and remained low throughout the life of the mouse {Chart 3). The

Cuary 3. '
O ; I , .

b

&0
A———A WHITE 3WiSS

O——0 (C57 BLACK X DBA) X DA

i fuee—0 (57 LEADEN X A E

iy STR X C57 BLATK

MATURE ERYTHROCYTES PARASITIZED (%%}

1
i g 3 -
G 2 4 & a 10 12 i4 g 18 20 22 24 24 28

DAYS AFTER INOCULATION
Yhe course of P, berghei infection in mature crytheocytes of four genetically distinct serains of mice,
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rate of increase of the infection ) matwre ervibrocvies, as well as the wltimate peak
achieved, varied among the strains inversely as the survival of the strains based
on our previous experience.  In the shortest-lived (Swiss) mice, about 50 per cent
of the mature erythrocytes were nfected at the peak; in the longest-lived (STR
xC%7 Black), the peak was less than ten per cent. The correlation between the
highest infection in mature erythrocytes and survival was not as simple when the
fate of individual mice was considered. Individual mice with the highest infections
died earliest, hut thosc with the lowest infections did not die latest. FEven in a
vather limited series, such results would indicate that while there was very likely
causal correlation between high infections of mature erythrocytes and early
deaths, the effect of the infection in mature erythrocytes upon animals which
survived the first ten days, is not as clear,

In all strains, the infection in immature erythrocytes (Chart 4} rose rapidly
1o about go per cent by Day 3 and remained at this leve! throughout the course
of the infection. In all strains the proportion of immature 1o mature cells began

CHART 4.

d——h WHITE 3WIS5
o——0 (C57 BLACK X DBA} x DB& -
p————~g C57 LEADEN X A
g STR X C57 BLACK
30

20

IMMATURE ERYTHROCYTES PARASITIZED (%)

i i i 1 i 1 ; H 1,
Q 2 4 & -] L] i2 k4 .} 8 20 22 24 26 28

DAYS AFTER INQCULATION

The course of P, bergiei infection in immature evythoeytes of four geneocally dissine
srrains of mice,
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to increase on Day 7, and by Day 13 reached a stable level of 50 to 6o per cent
{Chart 5). The total red cell count {Chart 6) began to drop on Day 3, from g to
i 1 million to about one million in all mice which survived sufficiently long. There
were differences in the rate of fall in the erythrocyte count hetween Swiss and
the other mice, but not among the others. If any differcnces existed among the
straips: in the rate of increase of the infection in immature cells or the rate of
increase of the proportion of irnmature cells, they were too small to be significant in
our sample.

{CHART 3.

%] T * T T Y 7 T T T T 1 T T

1] o -4
aop -
O \ -
504 ‘ -4
E1 o -1
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i STF X C57 BLACHK

0

20

IMMATURE ERYTRROCYTES (% OF TOTAL ERY THROCYTES)

_.1
R4 -
o Lt i 3 1 i i 1 i
o -3 a 6 8 [ls} 2 " -3 ¥ ] 20 22 24 26 28

DAYS AFTER INQCULATION

Tike proportiore of immsture ervthroeyies o total erythrocyees duving the currse of 5
P herghei infection in four genctically distinet strains of mice.

Total parasitemia was, then, actually a summation of three probably inter-
refated events ; (1) the rise and fall of the infection in mature erythrocvies ;
.2) the almost constant high ratc of infection in immature cells; and i3} the eventual
increase of the proportion of young erythrocytes in the popudation to a more or less
steady Jevel of 50 to 60 per cent. The resultant is depicted in Chart 7,
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CHART 6,
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Total ved cell count in four generically distinct strains of mice infeoted with P beghed,

Data have heen presented in several reports to show that P. berghei has a
predilection for immature erythrocytes (Ramakrishnan and Prakash, 1950 ;
Baldi, 1950 ; Corradetti and Verolini, 1951 ; Ramakrishnan, Prakash and
Krishnaswami, 1951 ; Hsu and Geiman, 1932 ; Fabiani, Clausse and Fulchiron,
1g52). It is obvious from our experiments that this predilection is relative and
varies with the strain of mouse and in the same mouse with the stage of the infec-
tion. This observation brings up some pertinent points. It is obvious that even
some of the shortest-lived mice can control the infection in mature erythrocytes,
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CHART 7.
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but none of the mice examined scemed able m any significant way to limit the
infection in immature ervthrocytes, The mechanism of such a highly selective
immunological response would seem worthy of further investigation.

Several explanations could be offered for the decline of the infection in
mature cells : {1) There may be two different types of mature erythrocytes, only
one of which is vulnerable to attack by the parasite, The proportion of these types
of cells may vary from strain to strain ; (2) The host js able to make a certain
propoartion of its mature erythrocytes refractory in response to the jnitial invasion :
4} The mouse acquires the ability to remove the maturce erythrocytes as soon as
they are invaded. While none of these explanations may be correct, we {avour the
fast hecause it explains certain supplementary anomalies of the infection in mice.

‘The total erythrocyte count dropped rapidly, in STR x Cs7 Black mice
for example, even though less than ten per cent of these cells were tnvaded at the
peak .of the infection. This would imply that destruction of mature erythrocytes
contipued even though infected cells were difficult to find in the circulation. The
destruction of the erythrocytes could have been the result of a non-specific toxemia,
However, it did not appear [rom the data that the rate of destruction of mature
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erychrocytes was related in any way (o the total number of infected crythrocytes,
matyre or immatura. It seems anomalous that a mouse, which Emited the infection
in mature cells to less than ten per cent, should continue to lose sufficient cells to
call forth the decided reticulocyie response. It might be, however, that the mice
in some manaer acquire the ability to remove mature erythrocytes from the circula-
tion as soon as they arc invaded, but do not acquire the same ability regarding
inunature cells and these act as a reservoir for the further invasion of mature cells.

This hypothesis can be examined in the light of observations on other rodents
as husts of P, berghet.  Appendix I is a summary, not definitive, of mammalian
hosts which have been tested for infectivity by P. berghei.  These animals seem to
fall into four general groups, with some minor overlapping, as regards their response
to the parasitc.  Mice and hamsters develop an acute and fatal infection (Group
1) ; voles and young rats (Group 2) develop an infection which is fatal to many
but not afl.  Animals in Group 3 exhibit an infection which is benign and seli-
limiting; animals in Group 4 may or may not become infected, but if they do it
is only under extremcly special conditions.

Studies in the young rat (Corradetti and Verolini, 1951} indicate that the
infection in mature erythrocytes rarely exceeds three per cent, while in the
immature erythrocytes it approaches go per cent.  The young rat resembles, then,
the long-lived strains of mice. The same peculiar anomaly applies to the young
rat as to the long-lived mouse; why, in the {ace of a two to three per cent infection
in mature cells, is there sufficient destruction of these cells to cause an anzmia
and a decided reticulocyte response ? The rat may be depicted as having the
tnnate ability to limit the infection in mature cells by some filtering process which
removes these infected cells, but is lacking in the ability to contrel the infection in
bninature cells, I this is true, the immature cells may act as a reservoir for further
wmfection of the mature eells.

Little information is available on the cell preference of P, berghei in animals
of Group 3. These animals would appear to be able to limit the infection in both
mature and immature erythrocytes.  However, it is significant that after splenec-
tomy, animals in this group behave like those in Group 2 : the infections become
acute and in certain specific instances the parasites are found predominantly in
immature erythrocytes (Adler, Yocli and Zuckerman, tgse ; Zuckerman and
Yocli, 1951 ; Fabiani, Clausse and Fulchiron, 1952).

Qur conclusions might be summed up as follows : There are in rodents two
mechanisms for the control of P. berghei ; one specifically removes infected mature
cells, the other infected immature cells. Some rodents, such as the mouse, possess
neither mechanism inherently but can acquire one, the ability to remove infected
mature cells.  Strains of mice differ among cach other in their ability to call forth
the onc immunological response they have. This difference accounts to some
extent for the differences in survival among short- and long-lived strains of mice.

Some rodents, such as young rats, possess innately, or rapidly acquire, the
ability to limit the infection in mature erythrocytes but most of them lack the
ability to remove infected immature erythrocytes. In this respect they resemble
long-lived mice.
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Other rodents possess or acquire both types of defence and can remove mature
or immature cells as they become infected. A reservoir for the reinfection of mature
cells daes not exist and there is no 1apid loss of red cells, no anemia, and no reticu-
locytosis. However, these animals, when splenectomized, behave likie young rats,

Though this thesis may be speculative, it presents several areas for further
investigation.  Especially of interest to us is the possible genetic influence on the
ability of the host to control the infection in specific typts of cells,
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Appendix 1.

Types of reaciions to infections with P. berghel by vartous hosts.

CGlass I--Acute, fatal

Class 1I--Acute, some {atal

Mus musculus

Mesocricetus auratis

Rattus ralius {young)

Microtus gunthert

Microlus pennsylvanicus ...

Thamnomys surdaster
Oryzomys patustris

Perognathus penicillatus .

Perognathus baileyt

Perognathus intermedius ...

Dipodomys spectabilis
Dipodomys merriami*
Acomys cahirinis

Class IIT—DBenign, selfli

" Sygmodon hispidus
Cleithriomonys glareolus ...

Sciurus palmorum
Meriones sharot
Roussettus leachi
Rattus rattus (old)

miting

Vincke and Lips, 1948 ; Schneider, Decourt and
Montézin, 1949 ; Vincke and van den Bulke, 19494 ;
Thurston, 1950 ; Schacider and Schneider, 1950 ;
Schaeider and Montézin, 1950; Mercado and Coatney,
19516,

Hill, 950 ; Adler, Yoeli and Zuckerman, 1650 ;
Durand and Mathis, 1gs0: 1051,

Vincke and van den Bulke, 19496; Corradetti, 1950 ;
Raffaele and Baldi, 1950; Baldi, 1950; Ramakrishnan
and Prakash, 1950 ; Ramakrishnan, Prakash and
Krishnaswami, 1g5r ; Galliard and Lapierre, 19571 ;
Mercado and Coatney, 1951a;

Adler, Yoeli and Zuckerman, 1g50; Zuckerman and
Yoeli, 1951,

Mercado and Coatney, 1953.

Vincke and van den Bulke, 1051.

Mercado and Coatney, 1953.

Mercado and Coatney, 1953.

Mercado and Coatney, 1953.

Mercado and Coatney, 1953.

Mercado and Coatney, 1953.

Mercado and Coatney, 1953.

Mercado and Coatney, 1953

Raodhain, 1949 ; Mercado and Coatney, 1953.

Bray, 1g51.

Ramakrishnan and Prakash, rgso; 1955,

Sergent and Poncet, 1950; 1951,

van Riel, 1g950.

Raffaele and Baldi, 1950 ; Galiiard and Lapierre, 1951.

Class ['V-—No tfection or extremely transient

Cavia cobava

Lepus caniculus

* Clasmsification in question due to insufficient data.

Vincke and Lips, 1048 ; Raffacle and Baldi, 1950;
Deschiens and Lamy, 1g51; Baldi, 1952.

Vincke and Lips, 1948 ; Raflacle and Baldi, 1950 ;
Deschiens and Lamy, 1951.
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MALARIA AND NUTRITION WITH SPECIAL REFERENCE
TO PLASMODIUM BERGHEI INFECTIONS IN RATS.

BY
5. P. RAMARRISHNAN,
{Malaria fastitute of India, Delhs.
1O tober 21, 1954.;

Manxinp has from time immemorial been interesied in the relationship
beiween nutrition and resistance to disecase. The establishment of infective xtio-
logic agents for specific diseases has in no way minimized the effort at an under-
standing of the effect of nutrition on the various stages of host parasite relationship.
The effect of nutrition, perhaps, plays very little part in acute infections with
dramatic onset, a rapid course and its termination by crisis with the establishment
of a more or less solid immunity against the pathogen among survivors. Even in
such acute infections, especially of a viral origin, the effect of nutrition of the host
un the pathogen is well recognized. Nutrition plays a more prominent part in
the establishment of host parasite relationship in the case of those infective agents
which exhibit a period ol primary attack, latency, relapses and end in death of the
host, or a more or less complete eradication of infection. Certain effects of nutri-
tion were partially assumed on a priori considerations and others deduced from
epidemiological observations. But there is a comparative paucity in literature to
determine the effect of nutrition with precise experimental methods, at all events,
with respect to the host parasite relationship in mammalian malaria. Such
relationship has no doubt been studied between pathogens other than the malarial
parasite and their hosts. A fair amount of work has been carried out to study
such relationship in avian malaria,* and to a lesser extent, in the case of simian
malaria.t

In the ultimate analysis, the eflect of nutrition on host parasite relationship
in human malaria is of the most vilal importance. Plasmodium berghet malaria
in rodents offers an unprecedented opportunity to study the effect of nutrition on
mammalian host parasite relationship and correlate the experimental findings with
epidemiological observations in human malaria. This paper records a review
of the author’s work and the results.d

*Brackert, Waletzky and Baker {1946) : Brooke (1945) ; Roos. Hegsted and Stave (1946) ; Sceler
and Ou {1044 : 1946) ; Seeler, Ott and Gundel {1954) and Trager {1943 - 19472 : 19475 ¢+ 1949).

$Bray and Garnham {1953); Jaswant Singh et al. {1953} ; McKee and Geiman (1948) and Pasmore
and Sommerville (1944).

2This paper” orms part of 2 thesis submitted for the degree of Doctorate in Public Health.
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The. ultimate aim of the investigation is to attempt to furnish an answer
o the following questions: {1) What effect does adequate putrition or its inade-
quacy in quality or i quantity has on the degree of multiplication of the malarial
parasites in man ? (2) To what cxtent does nutrition affect man’s ability to
contend against the primary infection ? {3} What réle does nutrition play on the
relapse patterns ? {4) What effect does nutrition play on the effects of parasitic
multiplication in the stage of acute parasitemia and during relapses on man ?
Finally {5} what practical suggestions have the results of experiments to offer in
determining the strategy of malaria control under conditions of semi or acute
starvation 7

In the fulfilment of these aims by experimental methods, the choice bas
naturally to be made of a suitable host and a suitable parasite which would give
the best. approximation to conditions of host parasite relationship in human
malaria.- Other considerations such as the case of manipulation of the laboratory
animal and the maintenance of the virulence of the parasite without any change
throughout the course of the experiment have also to be borne in mind.  The buik
af the hosts used in the experiments consists of rats; the plasmodial species selected,
namely perghet kills ofl’ a certain proportion of the rats during acate infections, a
good aumber of the rats survive such infections, and after suifering one or more
relapses, there 1s an almost complete eradication of the infection. Amongst human
plasmodia, vivax, malarie and ooale do not have any direct fatal effect on man.
Falciparim, on the other hand, runs a fatal course even during acute parasitemia
in a certain proportion of cascs. This species has a tendency to relapse much
{ewer times than sivax. The capacity of the host to bring about a complete eradica-
tion of the infection is manifest to a greater extent in infections of this species than
with pivax.

Mice have also been included as hosts in a very limited number of experi-
ments since Po berghet runs a very rapid course of acute paragsiternia in this host
with an invariable fatal termination. In experiments with this host, an atternpt
has been made to ascertain the basic nutritional requircments of the parasite.
But for a study of the more important effects of nutrition on the various stages
which follow infection and establish different degrees of host parasite relationship,
the rat has been chosen as the more useful host for purposes of experiment.

The experiments were planned to make a broad-based study of nutrition
and its effects on mammalian malaria. Specific problems that have been investiga-
ted include a comsideration of the effects of total starvation, under-nourishment,
different diets adequate in quantity but varying in quality, and specific deficicney
ol two vitamins on host parasite relationship in the various stages which {ollow
an acute infection.  An attempt has also been made to determine ta what extent
a few specific nutrients are necessary for parasitic multiplication or for the effective
operation of innate immunity on the part of the host.

In the course of critical review of the investigations on the subject of nutri-
tion and disease, Clark ef al. {1949) have discussed several flaws in different
experimental models, Some of these are important like age, genetic homogeneity,
uninfected controls on experimental diet, and ensuremsnt of constancy of the
virulence of pathogen throughout the investigations. These were given due
vonsideration by the author in his expariments.
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The criteria chosen for assessinent of the effectof dict on the course of infection,
namely, average daily parasitenmia, peak and duration of patent parasitazmia, .
immunity t» challenge reinfection and the average enlarged spleen volume of -
animals werc comprehensive and enabled the author to interpret the two-fold
effects of diet separately on the parasite, and the host defence mechanism both
against the parasite as such and 1ts “toxic’* cifects.

The results of the experiments described by the awthor (Ramakrishnan,
1954; show that even with starvation {or as long as ten davs the infection is not
completely eradicated. On account of the extreme starvation, however, the
parastites arc unable to multiply sufficiently long and go into latency at a fairly early
stage during the primary acute attack. After subsequent adequate nourishment,
the latent phase gives place to mantfest parasitzmia, but the course of infection is
much less virulent than in animals fed throughout. Conditions of acute starva-
tion do not normally occur in man, except during acute {amine. These experi-
mental results are in accord with the general findings during the Bengal famine
in rg43 (Famine Inquiry Commission Report on Bengal, 1g45). During the
period of acute famine, the number of men showing parasites in their peripheral
blood was extremely small. Presumably on account of acute emergency, there
18 no factual record of such a phenomenon in literature.  This, however, has been
the common expericnce of the warkers in Calcutta as frequently referred to by
them during the course of scientific discussions. ‘There is also evidence for this
phenomenon in that direct deaths due to malaria recorded during the acute period
of famine, were verv low indeed.

Starvation for only five days and subsequent fecdinyg brings out parasitic
relapse more prominently than in the case of starvation for ten days before feeding.
But even under such a condition the course of parasitemia rcached is milder than
i the case of animals fed throughout on normal diet.  When the animal is starved
for five days and then experimentally inoculated and fed on normal diet, the sub-
sequent course of parasitzmia is much more severe than in the case of an animal fed
throughout on a normal diet. This shows that conditions of complete starvation
hefore infection greatly undermince the operation of the innate defensive mechanism
of the host against the parasite, This has a bearing on famine conditions where,
though there may be a very low degree of parasitemia during the period of acute
famine, on ecstablishment of facilities for feeding, the course of parasitemia is likely
1 be much more severe than in a community fed on normal diet throughout.
ft is this factor that has to be specially borne in mind in providing facilities for
rehabilitation after acute famine.  During the Bengal famine of 1943, it has been
recorded that mortality due to malaria after establishment of feeding centres was
very much higher than in the previous quinquennial average.  While it is obvious
that facilities for feeding would have to be established during famine, it would also
seerm necessary that, in order to mitigate the more virulent course of infection
which is likely to follow the provision of feeding facilities, simultaneous arrangements
should also be made by way of providing suitable antimalarial drugs on a mass
scale along with the provision of feeding facilities. Such arrangements would seem
parm,ularly necessary for the younger age groups.

*No true 1oxin has yel bc:cn demonslrattd in the case of the malana! parasur bul fm' purposes of
convenience its offects on the host are called ‘toxie’ effects.
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The resuits of the experiments recorded by Ramakrishnan, Satya Prakash
et af. (1953a} show that methionine, and perhaps to a lcsser extent PABA, are
essential nutrilites for P, berghei.  Starvation apparently reduces the availability
of thesc two nutrients below the eritical requirements ol the parasite. [Itis also
shown that probably starvation does not deplete glucose and biorin below the
¢critical threshold necessary for parasite multiplication. The author considers
that administration of pure nutrilites, singly and in combiration, to infecled starving
animals is a useful technique for the study of physiology and metabolism of malarial
parasites in different hosts.

Tt was observed that a ketogenic diet of a high fat content does net favour
parasitic growth to the same extentas a balanced dict. Ketosis of starvation probably
plays a réle in addition to the lack of essential nutrilites during starvation which
are responsible for poor parasitic growth in starved rats (Ramakeishnan, 19544).

The results recorded by Ramakrishnan {19548) are of considerable interest.
Under-nourishment of the host affects the parasite much more than the host during
the stage of primary parasitemia. Hence, in human malaria, communities with
inadequate nourishment would probably exhibit a less virulent course of para-
sitemia than communities with adequate diet. If under-nourishment played no
other réle in the subsequent course of the infection, one would pechaps not feel
pessimistic about the lack of nutrition in 2o far as the malarial fafection is concerned,
but the results of the investigation also show that in under-nourished animals
parasitic densities are much higher during relapscs than in well-fed animals. Ttis
¢ven more important that the host reacts very unfavourably to such relapses even
though the parasitic density rcached during such relapses is not as high as the
parasitic density reached during the course of primary parasitemia in well-led
animals. In other words, relapses in under-nourished hosts would appear toincrease
ihe mortality due to malarial infections.  As the humarn malarial Darasite has a
fair degree of tendency to relapse, the effects of parasitic multiplication on the host
during such relapses are of vital significance in planning the strategy of malaria
control.  There is, therefore, no warrant to assume that, taking an over-all picture,
under-nourishiment is a favourable factor so far as the host is concerned in the
case of malaria infection. Fortunately modern methods of malarta prevention are
so well-defined and so well within the competence of even rurat communitics in under-
developed countrics, that they are being adopted on a large enough national scale.

The effect of milk diet on malaria is now a topic of world intcrest. The
author was one of the earliest to investigate the effect of milk dict on rodent malaria
and fbund that milk was probably partially deficient in some essential nutrilites
required by the parasitc (Maegraith, Deegan and Jones, 1952 ; Ramakrishnan,
Satya Prakash ef al., 19536). The author and his collcagues have subsequently
shown that this cffect, however, is variable with a different plasmodium {(Rama-
krishnan, Bhatnagar ef al., 1953). In the case of P, gallinsceum, a pure milk diet
wag very favourabie for parasitic multiplication. On the whole, therefore, the
effect of milk diet on the course of parasitemia would secem te depend not so much
on its dictary value but rather on certain constituents required by certain species
of plasmodia being present or absent in a milk diet.

Dicts may be largely grouped into three broad divisions namely, {1) a pure
vegetarian diet, {2} a lacto-vegetarian diet, and (3) a mixed dier containing meat.
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In the case of P, berghed infections i vat {Ramakrishnan, 1954¢}, a lacto-vegetarian
diet was found to favour the host better than a vegetarian diet or a mixed diet of
high calorific value made up of a high proportion of mcat. On the other hand,
a mixed diet with a low proportion of meat and isocalorific with a lacto-vegetarian
diet seemed ko favour the host even better.  With a high meat diet, not only was
the course of primary parasitemia more severe, but the fatality of the host in chronic
infections was also of a higher order. With a pure vegetarian diet, though the
cours¢ of primary parasitemia was more severe than in the case of a lacto-vegeta-
vian diet, it did not prevent the acquisition of specific immunity by the host as
shown by the survivors being resistant to a challenge infection almost to the same
extent a5 survivors on a lacto-vegetarian diet. On the whole, therefore, these
cxperiments would appear to establish that a mixed diet with a low proportion of
meat would be the most ideal. A lacto-vegetarian diet would be the next best,
hut a purc vegetarian diet would seem to be better than a mixed diet containing a
high proportion of meat. '

The results of unpublished experiments (Ramakrishnan, 1953) show that
in the case of mice which are highly susceptible to P. berghei, biotin deficiency does
not affect the course of parasitemia, but the mice succumbed earlier than animals
on a diet containing biotin, and after only smaller peak densities were reached.
Yn the case of rats, which are less susceptible than mice, biotin seemed to affect
the forces of natural innate immunity during the acute primary attack and the
degree of immunity acquired towards jts end.  Pyridoxin has been found to be a
more essential requirement for P. berghei (Ramakrishnan, 19544).

Man’s primary intercst in nutrition and resistance to discase is indefinably
associated with an abstract hope—not unlike that of an alchemist——that by a
suitable manipulation of diet alone he may achieve freedom from discase. In so
far as resistance to parasitic diseascs is concerned, the concept of specificity of host
parasite relationship has been so repeatedly demonstrated that a universal resis-
tance to all parasitic diseases is to be definitely considered as impossible, Indeed,
it is well known thut resistance developed towards one species of a parasite is not
available against another pathogenic species of the same genus or even strains of
the same species,

Good and even buoyant health, provided by good nutrition and other factors,
is no insurance against malaria. Contrary to popular opinion, available evidence
indicates that better the nutrition of an individual, the greater are the facilities
offered to malaria organisms to grow and multiply during the primary attack. It
is, however, a fact that {reedom from malaria promotes good health, human
endeavour and output in agriculture, industry, etc. In a relapsing disease such as
malaria one should not only consider the course of primary parasitemia but also
its relapses and their effects onman. These are the effects that mainly contribute
to mortality due to malaria both directly and indirectly. These effects are very
considerably affected by malnutsition cither due to inadequacy or wrong quality.

Susceptibility to parasitic disease of a specics and even a race of the same
species is governed by laws of heredity.  Nutrition on the other hand is an attribute
of the environment. But the investigator whose problem is nutrition and disease,
has to consider heredity and environment together, as both these are the two aspects
of a single phenomenon, namely, the Natural World {Schneider, 1949).
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In. experiments on this problem * "Fhe interfering  agents are so varied, some
exceedingly simple, potassium  and phosphorus, and others more complex,
vitamins, vitamins analogues, and metabolites in differing phases of nutrition, and
spme of the results are so striking with almost 100 per cent differences hetween
controld and experimental animals, thatone must urge more and continuous study
along many of the suggestive leads ™ {Clark, 1949).

Investigations on nutrition and parasitic discases are no more undertaken
to find a single principle of diet which will afford immunity to all parasitic discases.
They are conducted as in the author’s series of experiments for an understanding
of the natural history of diseasc. Adequate methods of prevention or interception
of transmission of parasitic and infectious diseases are available today to an extent
that many of these can be ecliminated or at least kept under adequate control
irrespective of the nutritional status of a population. Indeed, as referred to earlier,
there issufficient evidence thata discase hke malaria promorcs poverty, reduces the
productive effort of man and results in under-nutrition {Sinton, 193354: 193356 : 1936).
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EXPERIMENTAL STUDY ON THE IMMUNOLOGY OF
MALARIA DUE TO PLASMODIUM BERGHEL*

By
EDMOND SERGENT
[ Directeur de U Institut Pastenr d digerie, _dtger.

Seprember 2], HESE

ExperiMENTAL study of #mmunity in rodent mabkuta due 10 Plasmodium
berghel has heen investigated only in animals inoculated with infected bloed. Tt
has ot been possible up to the present time to employ sporozoite-induced infections
for such studies, One exception, however, was the study of de Smet {1954).
The present paper gives a briel summary of work published up to September, 1954,
on innate and atqmr{-d resistance ang on the mechanism of the organic defence
against the parasite,

PART 1. INNATE RESISTANCE,

The expression, innate resistapce, is preferable to ' aatural inpnunity '
describe congenital absence of susceptibility 1o an infectious discase. We helieve
that the term * natural immunity * is wrong. On the onc hand this term {natural
immunity) is much too restricted since an immunity resulting from a spontaneous
recovery from a discase is also a natural immunity.  On the other hand this term
s often related to various restrictive states which must he differentiated {Sergent
and Parvol, 1935).  Papers published up to now enable one 1o draw a fist of animal
species which are susceptible, though in various degrecs, to experimental mocula-
tion of P. bergher. Similarly it is possible to draw a list of animal species which
have been shown to be completely resistant to this parasite.  The tables below are
based on papers published by Satya Prakash, Krishnaswami and Ramakrishnan
11952) Mcr(‘adu dﬂd Cnatmy (19,3} and Thurston {:J»,f;)

* P hc cdrtor is gral.tfui w Dr L. | Bmt(-("hwalt, Ma!arm bt’ruw Mm'lnai Nepartnent, ngrna
for kindlv iranstating the oniginal papec written in Freneh tato Tnglish. - Editer,

¢ 3337
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Tasir 1.

Aninaed species susceplible to P. verghei.  The susceptible species are predommantly rodents.

Eaperimental ammdl : Author : I.\{pr rifenial ammal Authoer
Umuumm)s n.-ufm.‘xr <o " Wincke and Lins ’Urrmﬂr\ shawi .., -y S(:;.enl. and Pum et
LINEM _ Lo {18a0Y,
Bafiug cqttus var, fJIugroris. .. . o : (mphaun 1 FNTirus P Vincke (1950,
var, alexandrinus " . - Citethriomonys glareolus bnmrrmrm , Brav (1831).
Mus mscalus var, albines . . o o Mus museretus spretus . Prarandd and Mathig
: : : IR
Cigrnodon hispidus . Roddbain {1940 Dipoditlus campestris _ "
Belomys frater ... Vmcl.r' S35 Microtus pennsplvanicus : Mercadoand Coatney
Rattus concha ... e . i pestpsivanicus RS ELE= AN
Rottus tullbergi .. “ . - Oryzomys palusiris e - -
Rattus caldine ... “ - . Prrognathus penicitlatus L » .
Laphuromys rile e “ “ _ Peragnathus baileyi R o .
Yeceostomus sp. ... e . - . Perognathus intermedins I . -
Dendramus sumilio - ., . {Xipodontys spectabifis o "
Tatere myasoe ... e . “  Iapodomys merviami e .
Mustomys.cancha ... " - o <leomys cahirinus ... .
Legedda sp. e - - - Alrivetomyy pusorgel e -;mu, f B4 54
Viesacriceus awatus oo 1 Duramd 2l Mathis
; E(1930),
Whicrotus yuentheri oo D Adber, Yool aml
: P Zuckerman (195,
Seiupns pafmiarnm .. Ramakrlslman and
. ; Satva Prakash ]
{10398). : :

Apart from rodents, seme bats have been shown to be susceprible.

“'pr‘rilm-nlul auimal Audinr : |i<|n'rilnl'nla] anitnal Author
Ramswm feachi ... <. van Riel  Foa8), 2 pamopimms haldfmmu :‘aallar: dt  Rodhain fEN52).
Fidelon fietvwnr ... " Radhain (195210, Micrapieropus pusilins . - .

1t must be pointed out that all the authors have observed a far greater
susceptibility of young animals of the same species than of the fully grown animals.
This follows the general rules in parasitology.

According to some authors, some adult mice cannot be infected vn the first
inoculation and often not even on repeated inoculations. Ramakrishnan and
Satya Prakash {1950¢) reported that 56 per cent males and 24 per cent females
resisted the first wmoculation but could be infecied on the third, fourth or ffth
attempts. Matlla ef al. {1g54) found that out of more than 1,500 white mice
inoculated with P. berghei, 10 resisted repeated attempts to infect them by various
routes;  Sergent (1g548) found that out of 1,450 mice noculated with P. berghei,
there was not a single case of resistance.  All the mice developed a fatal infection.

Fabiani, Vargues, Fulchiron, Grellet and Verain t1g51) recorded that the
first attempt to inoculate 12 white rats through the subcutanecus route resulted
in a scanty infection only in two, which showed very few parasites in the peripheral
blood for a few days only. During investigations on hundreds of white rats,
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Sergent T9546) did wot Ind o single instance of resistance w intection through the
mtraperitoncal route,  On the other hand, he found that 19 per cent of rats
inoculated through the subeutancons route did not develop the infection,

2o ANIMAL SPECIES REFRAUTORY ICYy J, MERGHIEL

Among smadl Iboratory rodents the guinea-pig and rabbit show an absolute
nnate resistance 0 P, berghed (Vincke and 1. ips, 1048 : Raflele and Baldi, 1950).

Sergent and Poncet (1g51h) found the guinea-pig 1o possess absofute innate
wnunity to P, berghei.  They sacrificed a guinea-pig by exsanguination two davs
after 3t was inoculated.  The blood was inoculated mlrapernonedllv into 21 mice
of which five developed the infection. A second guinca-pig was exsanguinated
four days after inoculation and the blood was inoculated mtraperitoneally into 26
white mice.  Not a single one of these developed the infection.  Thus the parasites
i the guinea-pig had completely disappeared between the sceond and fourth
day after inoculation,

Deschiens and Lamy {1951} were able 10 infect new-born rabbits but not
borm guinea-pigs. Apart from guinea-pigs and rahbits, the fallowing animal
species have been shown to be totally relractory to P. fherghei inlection in order of
publication.

Man ... Durand and Mathis {1g50).

Monkey " -

[amb o Durbin T19513}

Pappy SRR

Kitten o -

{ hick - _.,

Piglet .. o .

Monkey oo Satva Prakash, Krishnaswami and Ramakrishnan {1952).
Bandicoot o o - » . . '
Mongoose o o - . ‘s .s
fjigC(}n b a7 H b1 *h rr 3

3. INNATE PSEUDO RESISTANCE,

Sergent [1954; observed that occasionally adult white rats inoculated
subcutaneously do not develop the infection and when re-inoculated on several
occasions {up to six times), never show parasiles in the peripheral blood.  When
these animals were submitted to “complete proof of infection”™, that is, when they
were sacrificed and their blood and tissues were inoculated into susceptible animals,
the latter at times developed the infection.  'The rats were, thercfore, carriers of a
latent infection from the commencement (infection latenie d&° emblee). In other words,
the infection in the rats was established after inoculation without producing any
morbid manifestation establishing a state of premunition.  T'his concept of cryptic
infections leading to premunition may explain the m‘gdn\c results obtained by
Vincke and van den Bulcke (1949¢) on a ** great number 7 of Thamnomys surdaster
which they inoculated with P. berghei. Thamnomys constitutes a reservoir of infection
of P. berghet in nature,  One could think that the inoculated animals were carriers
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of a latent infection and, therefore, were premunised against new infection. In
conclusion, there are cases of innate pseudo resistance of premunition due to the
presence of a latent infection acquired previously,

PART Il ACGQUIRED RESISTANCE.

Fxperimental inoculation of P. berghei to susceptible animals has shown
that those which survive the acute infection develop a resistance to re-
inoculation. Some authors in. their reports indicate the period hetween the
date of the last day of primary parasitemia and the day of re-inoculation.
The carlier date is considered as the date of recovery.  Other authors indicate the
period between the date of primary and re-inoculation. This latter method seems
10 be more logical as it is based on two precise dates while the last day of primary
parasitemia or the day of disappearance of parasites from the peripheral blood
varies considerably in individuals of the same species. Besides, one often sees
parasitic relapses several weeks after the primary parasitemia in animals considered
to haveé recovered. The observations on acquired resistance have not been based
on mice which die of acute infection.  The observations have nearly always
been on white rats.  Since the duration of primary parasitzmia in white rats is
always less than one month, it may be possible to standardize the statistical tables
to add one month to the period shown as dividing the end of the acute attack from
the date of re-inoculation. Resistance to re-inoculations following first attacks
may last for a long time. Vincke and van den Bulcke (19494) recorded very
consideérable resistance for many months after inoculation. Raffxle and Baldi
‘1950) found that re-inoculation at the end of go days after the primary para-
sitemiz was not successful. Corradetti (1950 1 1952) recorded re-inoculation
with négative results 205 days after the cnd of the primary parasitzmia.

Vargues and Fabiani (1g51), Fabiani and Varguss (19513 and Fabiani,
Vargues, Grellet, Fulchiron and Verain (1952) found that rats re-inoculated a
few weeks after the primary parasitemia, showed in their peripheral blood rare
parasites for a few days or often did not show any at all.  Ramakrishnan, Satya
Prakash and Krishnaswami (1951) observed the effect of re-inoculation on nine
rats in which the infection was in the latent or metacritical stage. The longest
period ‘of observation was seven months after the first inoculation.  One of the
rats which resisted the first re-inoculation five months after the primary attack,
reststed a second re-inoculation also 11 months after the first inoculation.
Zuckerman (1g53) investigated the problem in Palestinian voles { Micralus guentheri}.
Fight of them were re-inoculated through the intraperitoncal route 8 to 41 days
alter the end of the primary parasitemia. Three of :them showed a few parasitcs.
Six other voles were re-inoculated 57 to 70 days after the primary parasitzmia
and only one showed a patemt infection. The degree of resistance to re-inoculation
hore no relationship with the parasite intensity of the first attack. Sergent
154+ re-inoculated thirty-seven rats recovered from primary parasitemia on the
sceond and 27th month from the first wnoculation. Twenty-five of them showed
complete resistance to the re-inoculation. On the other hand, eleven other rats
also recovered from primary attack re-inoculated between the eighth and 26th
month after the first inoculation, had showed an attack of premuniticn tvpe. One
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sngle vat, however, re-inoculited during the zgrd month aiter the primary
re-inoculation, showed an infection of moderate intensity.

Specific acquired  reststance. ~-Fabuni and Fulchiron (1452, compared two
strains of P. berghei by means of cross-inoculation technique of Laveran and Mesnil.
One strain was obtained from Professor Schneider of Paris who in turn had
received it {rom Professor Garnham of London, to whom it had been given by
Professor Rodhain of Antwerp. The second strain designated Keyberg-175 was
received from Professor Dubols, Director of the Institute of Tropical Medicine,
Antwerp.  The two strains mvestigated were found 16 have reciprocal cross-
resistance.

Transmission of acquired resisiance ihrough milk to young suckling rats.—-Bruce-Chwatt
{1g54; investigated the passive transference of immunity to the offspriag through
yoilk of lactating mother previously infected. The gravid rats which resisted the
first attack were re-inocutated. They delivered ltters which they nursed and the
young rats showed a certain amount of tolerance 16 inlection by P. berghei. Infection
in control young rats born of normal mothers on the other hand was found to be
nsually fatal.  The conclusion arrived at was that the milk of immune mothers
trapsmitted a relative tolerance to their hitters.

PARYT 1L THE NATURE OF RESISTANCE ACQUIRED
THROUGH PREMUNITION.

Sinee cxperiments  have proved that fisst attack of 7. berghei  infection
produces a resistance to re-infection, the question remains whether this acquired
imumity is due to a true immunity accompanied by a sterilization of the organism
or to premunition due to a state of latent infection. To find an answer to the
question, one will have to determine whether malaria duc to P bergher, like all
ather known malarias, has a pre-patent stage or incabation period followed by a
stage of acute infestation and a stage of Jatent or metacritical infection.

The existence of a stage of latent metacritical infection can be proved by the
appearance of parasitic relapses seen by blood examination, but the amount of blood
which can be examined under the microscope is minute even if carried out for a
long time and only the positive results can be taken into account.  Negative results
of blaod investigation cven of several such cannot be taken as proof that the animal
hag a sterilizing immunity.  'FThe best way to find the presence of latent infection 1s
t1 inoculate into susceptible animals a constderable amount of blood of the amimal
under investigation. This is what we call the infectivity rest®.  But we must
distinguish two types of infectivity test.  In onc type we take the peripheral blood
of a living anitmal and inoculate ir tnto a susceptible animal. The amount of blood
wbtained from a living animal like the rat lrom its tail is not considerahle ; since
the amount of blood i1 small the test is only a partial infectivity test. A second
and better method is to inoculate into susceptible animals the total mass of blood
of the animal under investigation sacrificed by exsanguination and also to include

£8ome authors use the teem sub-inoculation which i erroncous fromn our puint of view as it gives rise
s ambiguity. For instance, we often say that an experimental subject is inocuiated or re-inocuiated. To

say he was sub-inoculated has no meaning at all because this suliject i3 not inoculated.  His blood b taken
and another suhject is inoculated with his Dlood.
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in the inoculum fragments of the internal organs of the donor animal. This 1s
the 1otal infectivity test.  For each sacrificed rat, about 20 experimental rats or
mice will be required for the test for intraperitoneal inocualation {Sergeny 1954a}.
The unequal value of different methods of detection of latent infections explains
the diversity of results obtained by several workers. The superior value of the
infectivity test as compared to the simple examination of peripheral blood was
shown by several workers* of whom one is quoted here.

Tn one series of experiments {de Smet, 1954), the blood inoculation gave
positive results while at the same time the blood examination gave constantly
negative results. Thrice in Cricetomys anserger and thirteen times in white rats,
blood ‘was obtained by partial cxsanguination for inoculation o susceptible
animals, The positive results would have becn cven more numerous if the blood
had been obtained by total exsanguination. This sample shows that we must not
believe that an animal which has overcome his acute primary parasitwmia and
showed no more parasites by microscopical cxamination, has made a radical
recovery. He has actually recovered partially but has not been de-parasitized.
'I'he table below gives a few data referring to the duration of the latert metacritical
infection recorded by various obscrvers. The figures given i the bl refer to
the period of latency reckoned from the date of experimental inocalation.

DRRATION OF THE LATENT METACRIFICAL INFECTION,

For witte rafs.—
Raffaele and Baldi {1950)
Fabiani, Vargues, Grellet and
Clausse  {1951); Fabiani,
Vargues, Grellet, Fulchiron and
Verain {1g952}; labiani and
Fulchiron {£g54} ..

14 months.

Several weeks.

Black {1g51} ... 10 months,
Ramakrishnan, Satya Prakash and

Krishnaswami (1951; .. At least six months.
Sergent {19546} ... Lip to1en months.

For Rattus ratfus.—
Vincke and van den Buicke (194040 L'p to one vear.

For other rodents.—
Rodhain {1949 : 1951}... ... For cotton rat {Nigmodon hispidus hispidus)
latent infection is of a very long duration.
Vincke and van den Bulcke {1949¢)  For Thamnomys surdaster surdasier, is of long
' duration.

% frch. last. Pasteur & Algerie, 28, pp. 1470 (1950,
P fbid, go, pp. 203230 (19523,
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Adler, Yoeli and Zuckerman {1g50) A latent stage observed in the Palestinian
vole Microtus guentheri.

Bray {1gg51) ... Also a latent stage in the English vole
{Clethriomonys glareolus britannicus).

Ramakrishnan and Satya Prakash

{1951)... ... Tor the squirvell [Seiuwrus palmarum), latent

indection is of atleast six monthsduration
after the first inoculation.

Durand and Mathis (19518) .- For a small rodent of Tumsia (Dipodillus
campestris), the latent infection is of five
meonths duration after inoculation,

Sergent and Poncet {1950 : 19512}  In the Aferiones shaw:i, rodent of North
Africa, it is of 11 months durafion after
the inoculation.

Mercado and Coatney {1953) ... For the field mouse { Microlus pennsylvanicus),
it is of 19 to 51 days ; in the rice rat
[Oryzomys palustris) it is of 54 days.

In Section IT), the data relating to the duration of latency produced by
splenectomy in infected animals are discussed. Animals surviving the primary
parasitemia, show resistance to re-inoculation for a long time. In a given animal
species, the duration of acquired resistance is usually in relation to the period of
latent metacritical infection (Sergent, 1954 ; Ramakrishnan, Satya Prakash and
Krishnaswami, 1951). We arc justified in thinking that rodent malaria due to
P. berghei is a disease with premunition like all other malanas, The essential
character of premunition is that it is related to the presence of latent infection.
Therefore, when the infection disappears either per se or in response to treatment,
the organism becomes susceptible to a re-infectton.  This was shown by experi-
ments on mice which were first infected and then treated with an antimalarial,
They were not more resistant to a re-infection than new animals. Vincke and
van den Bulcke (19494) treated one infected mouse by three injections of Aralen
and the mice recovered from infection. Three months after the cure, the animal
was re-inoculated resulting in a fatal infection. Baldi {1952) cured the infection
in eleven mice employing various antimalarials (sulphonamides, pentaquine and
resochin). At the end of the treatment and two to four months thereafter, parasites
were not found in the peripheral blood.  On re-inoculation, alt of them developed
a fatal infection.

Sergent {19548) found by total inlectivity test that inlection in mice can be
radically cured by nivaquine. Fifieen infected mice were treated by nivaguine
and were re-inoculated 8 to g2 days after the treatment.  All of them developed
an acute fatal infection similar to that produced in controls. Lapierre (1954)
cured by nivaquine the acute and subsequent relapsing infections in four mice.
The animals were re-inoculated on 200th, 140th, 30th and 20th days, respectively,
after disappearance of parasitemia from the peripheral blood. Out of these, three
developed an acute attack while the fourth re-inoculated g0 days after the dis-
appearance of parasites, died 11 days later without showing any parasites in its
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hlood taken from the heart, liver and spleen smears. Similar experiments were
carried out on white rats. We know that in contrast to mice, first infection in rats
leads to acquired resistance. Fulchiron (1952) recorded that guinine causes
the disappearance of parasites from the peripheral blood of infected rats but does
not interfere with the development of acquired resistance. We have already
referred to under the heading © Tnnate pseudo resistance ™ that an infection latent
from the commencement leads to the establishment of premunition in the same
way as a metacritical infection {Sergent, 1g54a).

Maintenance of the parasites in the mammatlian host.—In what developmental
form does P. berghei maintain itself during its long periods of latent infection ?
Vincke and van den Bulcke {19494) stated, * we must admit that either sub-
microscopic amounts of parasites remain in the bleod or there is a persistent
exoerythrocytic cycle . Galliard and Lapierre {1950} removed the spleen from
a rat with latent infection, 20 days after the disappearance of parasites from the
periplieral blood.  The spleen was inoculated to clean rats which did not develop
any infection. The splenectomized rat, however, in course of time showed a
parasitic relapse. They concluded that parasites during latent infection do not
maintain themselves in the spleen, but elsewhere,

Much more work is still needed to solve the problem of the maintenance of
parasites during latent infections : (1) What are the organs or tissues or body
fluids, in which the parasites maintain themselves ? and (2) Can P. berghei main-
tain itself during its latent phase in a stage which is noi constantly infective and
which recovers its virulence only under certain conditions, as for instance, some
changes in the medium in which it passes its vegetative phase ?

PART 1V. ORGANIC DEFENCE.

The spleen.—As in other plasmodial infection, the gpleen in animals infected
with P. berghei shows a pronounced reaction. Hill (rg50) recorded that in rats
sacrificed during their acute attack, the spleen shows a considerable enlargement
while the liver often remains normal. Ramakrishnan (1952) has observed that
during the latent metacritical infection in the rat, the spleen increases in volume
and does not revert to normal before three months after the end of the primary
parasitemia,

Baldi (1g52) splenectomized a guinea-pig and observed that when i was
inoculated with P. berghei, there was no change in its absolute innate resistance,

Rodhain (1949 : 1951) carried out experiments on cotfon rats to study the
eltect of splenectomy before inoculation with P, berghei.  He found that cotton
rats splenectomized prior to inoculation showed after inoculation an intense
parasitaemia and died rapidly. The parasitemia was similar to that seen normally
in white mice, Exceptionallv, however, a splenectomized animid may survive
and reraain a carrier of scanty parasites or even show an apparent complete cure.
VYoles splenectomized before or during the acute attack were found to die invariably
-‘van Riel, 1950},

The infection was violent in rats splenectomised before inoculation
{Galliard, 1950).
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Some tield mice, splencctomized before or during acure atiack, died
Zuckerman and Yoeli, 1g51).

Fulchiron {1952} observed that not a single rat out of 28 splencctomized
before inoculation, or during the primary parasitemia, recovered from the infection.
Fabiani and Fulchiron {19344} concluded on the basts of experiments on 44 white
rats that the spleen plays no part in the innate resistance to malaria and that the
spleen is indispensable for acquiring specific immunity.

Matilla ¢ al. {1954) investigated the cflfect of splenectomy on mice which
did not develop the infection after inoculation. Seven white mice which resisted
the first inoculation with P. berghei were splenectomized. They were re-inoculated
one month later. All developed an acute fatal attack after a short incubation
period.

SPLENECTOMY AFTER THE AGUTE ATTALK,

Galliard and Lapierre {1950} were the hrst to report that, splenectomy
carried out five 1o ten days after the disappearance of parasites from the peripheral
blood. is followed by a parasitic relapsc which has the same characters of an acute
attack, Fabiani, Vargues, Grellet and Clausse (1951) and Grellet (1951)
splenectomized 15 rats between two days to one month after recovery from primary
parasitemia. Eleven of these showed a severe relapsc and ten died in two to
ten days. Three of the rats showed a short benign relapse.  The remaining one
rat showed no relapse at all.  Zuckerman and Yoeli (1951) found that the Italian
voles (Microtus guentheri) splenectomized during the first five days of their latent
metacritical infection, invariably died. If the splenectomy was carsied out
between the 5th and 15th day of latent infection, the resulting relapse was found
to be fatal in some and in others of long duration up to 150 days. Oeccasionally
splencctomy showed no relapse whatsoever. If the operation was carried out
15 days after commencement of latency, no relapse resulted.

The authors concluded that splenectomy interferes with acquired immunity
and also with innate resistance to P. berghei. Rodhain (1949 : 1951) splenectomized
cotton rats which had apparently got rid of its parasites and found that in some a
fatal relapse was the result while in others the result was a prolonged chronic
patent parasitemia. Corradetti (1951) splenectomized albino rats which had
recovered from primary parasitemia and found that the operation was not followed
by relapse. But when the splenectomized animals were re-inoculated with a
homologous strain, the resultant patent parasitzmia lasted as long as 222 to 255
days after re-inoculation. Black {1gs1) observed that 25 rats which were
splenectomized after recovery from primary parasitemia, generally suffered from
parasitic relapse of varying intensity. The relapses were of Jow severity if the
operation were carried out prior to the 52nd day after inoculation. Fabiani,
Clausse and Fulchiron (1g526) attributed the rapid increase of parasitzmia in the
carly stage of relapse produced by splenectomy in rats recovered from primary
parasitemia to the concurrent reticulocytosis. Similarly, the intense parasitemia
secn after massive re-inoculation of splenectomized rats previously resistant to
P. berghet is also attributed to the increased reticulocytes. Zuckerman (1953}
observed patent parasitemia for several months in voles (Microlus guentheri) which
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were splenectomized after recovery from primary prasaitemia and re-inoculated.
This indicated that the splenectomized voles had a greater degree of immunity
than thiose with intact spleen. Nevertheless the survival and low parasitzmia in
the splenectomized animals showed that there was a certain degree of immunity.

Summarizing the conclusions of the various authors on the effect of
splenectomy on malaria due to P. dergher, we must admit that thewr results are rather
inconsistent. More research is still necessary on this problem.

REMOVAL OF SUPRA-RENALS,

Fabiani and Izzo (1952b) found that removal of supra-renals between one
hour and two days prior to inoculation or at the very commencement of infection
in 27 white rats had no effect on the course of primary parasitemia. When supra-
renelectomy was carried out at peak parasitemia, the antmals died in less than
24 hours of the operation. When the operation was performed during the declining
phase of parasitzmia the animals died in one to two days of the operarion, occasion-
ally after a parasitemiac relapse. The same authors (19524) studied the functional
state of supra-renal cortex by Thorn’s test on 24 white rats infected with P. bergher.
‘Thorn’s test is positive if injection A.C.T.H. is followed by absolute decrease in
cosinophile leucocytes). The test was pesitive at the commencement of the acute
attack, and became negative when the infection progressed and remained negative
during the period of high parasitemia. It, however, became positive again when
the parasitemia was on the decline. No effect on the course of parasitemia was
tound when A.C.T.H. was injected at the commencemen: of or during the attack.
Injection of the hormone during the late phase of the attack was found to result
in increased parasitzmia,

PHAGOCYTOSIS,

Fabiani and Fulchiron (19534} observed intense phagocytosis of parasites
miroduced into the peritoneal cavity of rats with acquired immunity.

RETICULOCYTOSTS,

Several authors have confirmed the observation of Galliard (rgq9) that
P. berghet has a peculiar affinity for young erythrocytes. Moreover, Baldi {1950)
and also Fabiani, Clausse and Fulchiron {rg524 ; 19526 : 1952c), Fabiani, Fulchiron
and Clausse (1952} and Fulchiron {(1g52) observed a correlation between the high
susceptibility of mice to P. berghei and the presence of a high proportion of reticulo-
cytes in mice blood.  Young animals whose blood has higher number of reticulocytes
are also more susceptible than adults. But, according to Galliard, Lapicrre
and Golvan (1954) reticulocytosis is not the cause of acute course of infection with
P. berghei but rather it is one of the effects of infection. Reticulocytosis is the
result; of the bone marrow compensating the intense destruction of red blood cells
tufected with parasites,
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SERQLOGY.

Vargues {1951) observed thut the titre of complement in rat blood decreased
slightly during the acute attack followed by recovery. But the complement dis-
appeared completely when the animal was moribund and there was no detectable
vomplement soon after death of the animal. The ambocepter was found to
remain infact in the blood of all rats at the end of the acute attack, but its titre
was found to be low in fatal cases.  The serum of rats recovered from the infection
was found to fix complement strongly in the presence of antigen. The titre of the
ambocepter hegan Lo decrease one month after recovery.

Vargues, Fabiani and Fulchiron {1951} observed that antibodies appeared
in the blood about the roth day of infection and increased up to the i5th day and
remained at a constant level for about two months.  Six months after inoculation,
a low titre of antibodies was present. Pautrizel and Nguyen-Vinh-Nien (1953)
in their experiments found that antibodies appeared alter the 12th day of infection
and were at their maximum between the 15th and goth day. They could still be
found after three months. In re-inoculated rats, their titre was very high.

Vargues and Fabiani (1g52) studied the cuglobulin content of serunt in white
rats infected with P. berghei by a method modified from that of Sandor. They
tound that there was an increase of euglobulin of the alkaline isoelectric point
{gama globulin) and the appearance of a pathological euglobulin which was not
seen in the serum of normal rats.

Fabiani and Fulchiron {19534) demonstrated the presence of a specific
protective factor in the serum of rats recovered from the acute infection. This
test of sero-protection was carried out in 21 rats immediately before the first infection
or at its very commencement and showed that the action of serum is more obvious
when it was obtained from rats re-inoculated after recovery. The action of the
serum i3 of a short duration and can never completely prevent the development
of infection.

Fabiani, Vargues and Fulchiron {1953) carried out Henry’s reaction with
iron melanin or hemozoin antigen. They found the test positive about the sixth
day of the acute attack in white rats and the titre increased during the following
days. It was strongly positive during the first few days after recovery and
reached its maximum about the end of the first weck after the disappearance of
parasites. Then it decreased but did not become negative until three to four months
later. During relapses following splencctomy, the titre of Henry’s reaction test
showed a considerable increase,

SUMMARY,

The innate resistance to 2. berghei shows a striking dissimilarity in various
animal species. In the guinea-pig, there is an innate absolute sterilizing resistance.
In the white mouse the susceptibility is at its extreme leading to fulminating
attacks., In white rats there is no resistance when the inoculation is made through
the intraperitoneal route, but an obvious, though varying, resistance is seen when
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the inoculation is made through the subcutaneous route.  Cases of innate pseudo
resistance are due to an infection latent from commencement which leads to
premunition,

Acquired resistance against re-inoculation of P, berghet in such rodents as white
rats which survive the acute attack of first inoculation lasis for several months.
On the other hand,experience shows that in white rats the acute attack is [ollowed
by a latent stage of some duration.

Refractory state following re-inoculation and latent metacritical infection
lcads (0 the conclusion that in malaria due to P. berghe, like all other malaria,
acquired resistance is not caused by a true sterilizing immunity, but related to a
state of premunition.
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In the first publication of Vincke and Lips {1648} in which they described
infection of wild young rodents by a new blood parasite they named Plasmodiim
berghei, the same authors pointed out that the infection in rats may undergo a spon-
taneous cure, while it was invariably fatal in mice. This parasite is of great interest
immunologicaily. In certain kinds of animals, it is capable of setting in motion
some organic reactions resulting in immunity and among others a feeble defence.
Vincke and Lips (1948) also reported that natural resistance to infection is found
in some of the rodents as the atiempts to infect the guinca-pig and rabbit were
unsuccessiul,

Another feature of interest in the immunological study of this parasite is the
possibility of gquantitative measurement of the immunity. It is easy to determine
the absolute number of erythrocytes per c.mm. af blood and the proportion of
parasitized cells. We shall see later that it is also possible to determine precisely
the proportion of reticulocyies to normal blood cells; reticulocytes are the cells
that are highly susceptible to infestation,

Since 1048 numerous investigations have been undertaken on P, berghe:
infections and have indicated the principal characteristics of immunity against
the infection. We will summarize the essential features of the researches
while studying the techmiques, natural and acquired resistance and the defence
mechanism.

The disease is caused experimentally by inoculation of wrophozoites. Tt is,
thercfore, an artificially-induced malaria in the sense described by Boyd and
Kitchen. Attempts to induce infection through sporozoites and to study immunity

*The editor is grateful to Mr. K. Copalakrishnan, Assistant Director-General, Indian Post and
Telegraphs, Delhi, for translating the original paper written o French into English.
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in such. infections have met with limited success (Vincke, Peeters and Frankie,
1953}, The existence of secondary exo-erythrocytic forms has not heen demons-
rrated with certainty and their presence has not been proved.  We will, therefore,
consider in this malaria, only immunily to erythrocytic forms.

TECHNIQUES OF STUDY OF IMMUNITY,

We will indicate the techniques which wppear to us useful and which are
classica! in immunology. We would like to emphasize at the outset, the necessity
for precise techniques in order to obtain comparable resalts.

Inoculation.—1t is preferable to inoculate a known number of parasitized
welfs through the intra-perifoneal route.

Observation of the course of infection.~-The most accurate method is 10 determing
the proportion of parasitized red cells and their absolute number per e.mm. of
bioed. Fabiani and Grellet {1g52) have shown that by detcrmining the percentage
of parasitized cells, a curvecan beestablished to indicate the intensity and progress
of infection from which the establishment of cure or otherwise can be predicted,
The blood examination should be carvied out daily or on alternare days. To
detect a latent infection it is pecessary either to moculate the blood into a new
animal or sacrifice the experimental animal and pulverize the organs and infect
mto fresh animals, or splenectomize the experimental animal which usually provokes
a relapse of latent infection.

ASSESSMENT OF IMMUNITY.

‘a) Reinoculation of known massive quantities of parasitized cells.— A detectable
parasitamia is thus produced very rapidly and the fate of the cells introduced m
the general circulation can be followed,

-

(B Sero-protection lest.—The protective power of immune serum can be
csumated by injecting it intra-peritoneally into a fresh animal, into which an
hour afterwards a known number of parasitized cells are also injected, Fabiani
and Fulchiron (1953¢) have indicated that such a technique is suitable to rats,

{€) Estimation of the opsonising aclion of immune serum.—In the vourse of the
above-mentioned test the peritoneal fluid is tapped and examination of several
stained films of it will cnable ane 10 enumerate the phagocytosed parasites.

d) Enumeration of reticulocyles in the blood.—The reticnlocytes arc preferentiaily
mvaded by P. berghet. Polychromatophilic erythrocytes are considered to be
reticulocytes by some authors, Tt is preferable 10 estimate the reticulocytes as it
is accurate, A drop of blood is taken on a slide with which is mixed one drop of
ritrated brilliant cresyl blue solution.  After a minute, the mixture iy dried and
siained by May-Grunwald or Geimsa stain.

THE VIRULENCE OF THE PARASITE.

It does not appear that various strains of P. berghel present great difference
i virulence.  Perhaps, however, one strain maintained in albino rals for several
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months does not proveke more than a small mortality in these animals, The
sporozoites appear Lo possess a less infecting power than trophozoites to laboratory
bred young rats. A small number of parasitized cells suffice to induce a consistent
infcction while faiture to infect by sporozoites is frequent.  Finally we emphasize
that the guantity of inoculated parasites does not influence the course of infection,
but only the duration of pre-patent period.

NATURAL IMMUNITY.

The fist of animal species susceptible 1o £, berghei i described clsewhere.
We will now confine ourselves to a list of animals which exhibit an absolute
resistance to infection, as for example, the guinea-pig which i refractory at birth
and even aller splenectomy (Vincke and Lips, 1948; Raflele and Baldi, 1950;
Deschiens and Lamy, 1951; Satya Prakash ef al., 1952). Other animals, as the
rabbit, have also very great resistance (o P. berghei infection {Vincke and Lips 1948;
Rafiwle and Baldi, 1950; Satya Prakash efal., 1952). This resistance can perhaps
be avercome as the rabbit can be infected from birth dill it is 15 days old (Deschiens
and Lamy, (gg1). In such studies it should be remembered that parasitized
erythrocytes of enc animal are inoculated into an animal belonging to another
species. The foreign cells are very often rapidly destroyed ‘heforethe parasites
contained in them have had a chance to develop. In this way, susceptibility-—
even though feeble but real—to P. herghei can be missed.

We must also emphasize the fact that an animal refractory to this parasite
does not destroy it always rapidly. The blood nf a guinca-pig inoculated two
days prior throngh the subcutaneous rouie was lound to be infective to mice
iSergent and Poncet, 19518). The blood of splenectomized bandicoot was found
to contain viable parasites for five days after inoculation [Satya Prakash ef al,,
1Y52).

A large numher of animals susceptible to this parasite belong (o the orders
Rodentia and Chiroptere. But even among them, there appears to be a certain
degree of natural resistance to free progress of infection. It is, therefore, important
to determine the absolute number of parasites as indicated hy Fabiani and Orfila
i1954a). The growth is not so rapid as it should be if every merozoite resulting
from a 24-hour schizogony cycle survived. At the commencement of infection
in rats and mice, we have noticed that when parasitwmia has rcached one or two
per cent erythrocyfes, it often remains stationary for three or four days,
These facts prove very well the destruction of the majority of merozoites, thus
indicating an undisputed presence of innale immunity.

FACTORS INFLUENCING VARIATIONS IN NATURAL IMMUNITY,

Greenbery o al. (1g53) have studied the course of micction among two
pure races of mice and their hybrids. 'They proved that the average mortality
occurs earlier in one than in the other and the mortality in hybrids is much more
delaved. As a result of precise studies, the authors concluded that the increase
in the rate of parsitwmia was not related to innate resistance but to a greater or lesy
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tolerance to the parasitemia lov long periods. The same observation applies to
the influence of sex, for the mortality is earlier among the males than females.

The conclusion of Greenberg et al. (1953} seems applicable to a certain
number of other cxperiments on natural immunity in which the telerance to
infection has not been given sufficient consideration. Only a precise study of the
parasitemia and jts comparison with those of controls enables one to know if the
infection is of slow development or slow to appear in the peripheral blood, which
indicates the resistance of the animal to the invasion by the parasite. But death,
occurring sconer or later, shows a diminished or increased tolerance. Death can
also signily absence of specific immunity.

Does an individual resistance to malaria exist in a susceptible species ?
The question arises from the observation of Vincke and Lips (1948) who found
that when a large number of mice was inoculated, some proved refractory to the
infection. The proportion of refractory mice, however, scarcely exceeded one
per cent.  But when the animals were re-injected, they appeared almost always
susceptible.  Matilla ef al. (1954) werc the only others who reported that some
mice resist several re-inoculations up to 12 through different routes.

The influence of age is indisputable, the young animals being distinctly more
susceptible than adults.  This fact has been observed in several species of animals.
Among the young rats, the parasitzmia is very high and the infection is almost
always severe which contrasts with the disease which often undergoes spontaneous
remission in adult rats (Raffele and Baldi, 1950; Galliard and Lapierre, 19571;
Hsu and Geiman, 1952). We have noticed the same during inocalation of malaria
to new-born rats by the subcutaneous route (Fabiani, Vargues, Grellet and
Clausse, 1951}, When the infection is passaged serially through young hamsters
{ Mesocricetus auratus) less than a year old, it exhibits a severe course, while the
adult bamster is refractory to the infection {Durand and Mathis, 19512; Hsu and
(Geiman, 1952). The infection is rapidly fatal in the vole {Meriones shawi) when
it is very young (Durand and Mathis, 19516; Greenberg et al. 1955). We have
afready seen that the rabbit is susceptible only if inoculated soon alter its birth
{Deschiens and Lamy, 1951). Finally let us note the curious but not detailed
observation of Hsu and Getman (1952}, * The mice that were two or three months
old showed a low infection rate or failed to develop detectable parasitemia, Of
these mice those that died, showed a low grade of parasitzmia ”,

NUTRITIOXAL FACTORS.

Vitamin A deficiency.—Vabiant and Grellet (1g952) have shown that among
the deficient rats the infection is mild and of brief duration and that the relapses
after splenectomy are benign. When white rats are subjected to starvation, the
infection is very mild or does not appear {Ramakrishnan, 1953).

Milk diet.—A very interesting study by Maegraith e af. (1952} has shown
that among rats fed on an exclusive milk diet {with the addition of vitamins) and
infected, the parasitemia is very mild or does not appear. It was not a question
of destruction of the parasites but of a suppressive effect probably due to decreased
mualtiplication.  Very soon afterwards, Hawking (1953), Ramakrishnan ef ol
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{1953a) and Mackerras (1953) coniimed the work of Maegraith e ol. (1952).
Hawking {1g53) attributes the low PABA content of milk to explain its action
and points out that the infection develops normally in rats fed on milk to which
PABA or folic acid is added. According to him, other deficient diets (solution of
glucose) is egually inhibitory o the development of P. berghei malaria. Thus he
confirms the conclusions made by Ramakrishnan et al. {19538).

Among the white mice, the results are less regular,  Maegraith ¢f al. {1952)
indicate without going into details that milk diet suppresses the infection in mice.
But Rodhain {1954a) ohserved a feeble parasitemia in mice similarly treated.
Hawking (1g53) proves that the suppression is less complete than among rats.
Finally, Schneider (1953) do not observe any effect due to milk diet in infected
mace,

The action of milk diet thus appears to be complex, This is what Fabiani
and Orfila (1954¢) proved in a series of experiments carried out on 32 white mice
by determining in a regular manner the percentage of infected erythrocytes and
of reticulocytes, that is to say, of the susceptible erythrocytes, that in some cases
the milk diet prevents the increase of reticulocytes or provokes irregular variation
in them and that the parasitemia faithfully follows the reticulocyte variations.
Diet, therefore, would appear to act not on the parasite, but on the host which is
made less receptive. At other times, the parasitzmia is mild in spite of increased
proportion of reticulocytes indicating that in such cases the milk has an inhibiting
action on the parasites. Finally we shall sce that the milk diet can render mice
capable of acquiring a specific Immunity to P. berghet infection.

THE NATURE OF BLOOD CELLS.

Galliard and Lapierre (1949) obscrved that P. berghei preferably infests young
erythrocytes of the rat and mouse, This was confirmed by Baldi (1950}, Corradetti
and Verolini {rg51), Ramakrishnan and Satya Prakash (1g51). Baldi (1950)
ohserved that such a tropism is not only chligatory but necessary for massive
multiplication of P, berghei and he thought that it explains a certain number of
hiological facts : the great susceptibility of mice may he linked with an intense
erythropoetic reaction. The greater resistance of rats, and even perhaps the
increased susceptibility of splenectomized rats, may be attributable to the extent
to which reticulocytes are mobilized.

Fabiani, Clausse and Fulchiron {1g524) have atiempred to study precisely
the affinity of this parasite for young erythrocytes, They have preferred to study
the reticulocytes as it is more accurate to do so, although their identity in general
is the same as polychromatophilic cells. They have proved among the rats the
paralielism of the reticulocyte and parasitemiacurvesup to the moment of parasitic
crisis.  As a result of these experiments, the authors have wondered if the platean,
sometimes present in the parasitic curve, may not be due to the low numbers of
reticulocytes in the blood during that peviod. They also proceeded to study the
course of infection in animals in which the reticulocytes were increased or decreased
by other means. Injection of phenyl hydrazine or excessive bieeding and adminis-
tration of vitamin B12 induces considerable reticulocytosis. Increase of reticulo-
cytosis can be prevented by daily transfusion of blood. By these studies it was
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shown that parasitemia follows the reticalocyte curve faithfully. At the commence-
ment of infection in rats the parasitemia remains stationary which appears
sxtraordinary since parasite multiplication is taking place at the same time. 'This
is explainable by the fact that the bone marrowliberates at this period only a small
number of reticulocytes,

The severe character and iniensity of relapse in infected splenceiomized
rats would appear to be unexpected, since when fresh rats are splencctomized and
then infected, the infection develops gradually. This paradoxical susceptibility
of the immune but splenectomized rat can also be explained by the fact that there
is already u considerable reticulocytosis [removal of the inkibiting eflizct of the
splecn on the marrow and reawakening of latent Hemobartenolis (Fabiari, Clansse
and Fulchiron, 19526)].

The above has been confirmed by Hsu and Geiman ({1952} who show that
an intection of Hemobartonelle muris provokes a strong reticulocytosis and aggravates
ithe malaria infection. Jones and Maegraith (1953) and Ramakrishnan, Satva
Prakash and Krishnaswami (1g54) have observed that reticulocyte is preferentially
selected by P. berghei.

Fabiani and Orfila {19544) have made some identical observations in the
nnce.  During the first few days of patent parasitemia and throughout the infection
it is the result of reticulocytosis which influences the blood infection. However,
during two or three days of the commencement of the patentperiod, the parasitzmia
increases without any increase of reticulocytes and parasites are found in mature
srythrocytes.  This is not due to a sudden and extraordinary change in the afhuity
ot parasites to the mature cells. But the parasites invade the young cells in the
hone marrow which is always active, and the reticulocytes mature very rapidly.
Fabiani and Orfila (19546) actually vbserved an increased rate of maturation of
reticulocytes in the plasma,

Singer (1953} reported that infected mice exposed to x-rays showed a
decreased or no patent parasitamia. This is explained by the inhibitory action of
the rays on h®matopoesis, Singer {1054¢: 19548} also observed that the malaria
of splenectomized mice treated with cortisone results in a relatively low infection
Jespite the increase in reticdocytes.

All observations in white rats and mice demonstrate the clective affinity
of P, berghet for the immature erythrocytes. These observations are of great
importance.  Firstly, they enable us to understand that in malaria there Is a
veritable vicious circle in which the infection provokes a medullary reaction
reticulocytosis) which enhances the infection up to a fatal termination unless
the development of a specific immunity arrests it.  Seeomdly, P. berghei infection
represents one of the rare infectious diseases in which one can estimate an essential
cicment of the host (reticulocytes) in which the infection develops, [t is possible to
determine the number of susceptible erythrocytes, ic. reticulocytes. The
vonclusion is that the variations of the reticulocytes must always be studied when
one studies the action of a pharmacological agent or of an immunizing factor in
P, berghet infections.  1In sucll: investigations one can observe the effect of the agent
under study on the parasite directly or tndirectly by some moadification of a host
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clement {erythorcytes) essential to the parasite. It is sufficient 10 recall thatl an
increase in reticulocytes indicates a reduction of natural inununity.  This
reduction can be measured.

The tropism of the parasite for the voung red cell has a chemical basis. The
reticutocytes and polychromatephilic cells contain more ribo-nucleic acid than
mature red cels,

ROLE OF THE SPLEEN.

The well-known réle which the spleen plays in the resistance of the animal
o the infection, and in particular to malaria, has stimulated investigations to
determine its influcnce on natural resistance. Rodhain {1949 : 1951) removed
the spleen from cotton rats before inoculation. He found that the infection
progressed rapidly in them and attained the saume intensity as in mice. The
infection in intact animals is mild and of a briel duration. Galliard {1949}
showed that splenectomized rats have an intense and severe infection and that,
in mice infection as well as anemia, is of extreme degree.  Galliard and Lapierre
‘1950 ¢ 195¢) experimented on three rats weighing 50 to 60 gm. and four rats
weighing 100 to 120 gm. All the animals of the former group and three of the
latter died.

Among the field voles {Microtus guentheri), splencctomy performed prior to
infection or during the first few days of patent parasitemia results in a much
greater severe infection than in controls {Zuckerman and Yoeh, 1951).

Matilla ef af. {1954) have observed fen mice presenting an innate resistance
to malaria (resistance to several re-inoculations). They showed that after
splenectomy all the mice contracted the infection.  "Fhis interesting observation
must be reconciled with the observations of Rodhain {1949}, but a similar effect
is not applicable for the investigations of Satya Prakash e ol {1953) who found
that a splenectomized bandicoot was no more susceptible than an intact
animal. Similarly Raffele and Baldi {tg50) were not able to render guinea-pigs
susceptible to P. berghei by removal of spleen.

Fabiani and Fulchiron (1954¢ : 19546} investigated the influence of
splenectomy on the parasite curve of two naturally susceptible animal species.
They found that in 24 rats splencctomized prior to infection and on 20 others during
the infection (before the intervention of specific immunity), there was no evidence
for the spleen heing responsible for natural immunity. Fabiani and Orfila
‘unpublished results) observed that the infection in 30 splencctomized mice was
1o more severe than among the controls. On the contrary, consequent to a low
reticulocyte count in splenectomized animals, the parasitemia was found to rise
only moderately and remain constant. Singer (19544) showed that the mice
splencctomized prior to infection, developed a less severe infection than intact
animals. The reticulocytes also were not found to increase. It can, therefore,
be concluded that the spleen plays a different réle in the natural resistance of
animals to other plasmodial infections. The rgle would appear to vary in the
different animal species. It may be an important one, to a totally unimportant
or an indifferent rale, '
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ENDOCRINE GLANDS.

Supra-renalectomy of infected rats caused their death rapidly but had no
appreciable effect on the parasitemia (Fabiani and Izzo, 1g52). Fabiani and
Orfila {unpublished reports) indicate that the effects of splenectomy are the same
m mice. According to Findlay and Howard {1952), the injection of cortisone
results in increased parasitzmia but the period of infection is reduced. Galliard
.1953), however, found that cortisone does not produce increased parasitemia in
adult rats.  Schneider (1953) does not observe any aggravation of infection in mice
due to cortisone.

Our own experiments on mice confirm the finding of Schneider {1953).
Thorn's test by injection of A.C. T.H. when positive, does not show any manifest
effect of corticotrophic hormone. If in any animal death occurs earlier it would
appear to be due to a bacterial septicemia as evidenced by a greatly increased
lcucocytosis. The effect of cortisone on the rat appears more complex. We could
not drawany definiteconclusions from our experimentsbecause these were confined
ro two rats only. In them, however, injection of cortisone resulted in a more
severe and prolonged infection and appeared to influence the development of
specific immunity, if A /G T.H. is injected at the commencement of infection or
during the established primary infection. It should also be remembered that
‘Thorn’s test is often negative at the commencement of infection. On the contrary,
during the declining phase of infection or at its crisis, administration of A.C.T.H.
results in a fresh increase of parasitemia.

Hypophysis.—Galliard and Lapierre (1953) recorced, ‘ hypophysectomy
confers on the rat very distinet resistance to the infection. This resistance is
augmented by somatotrophine and neutralized by A.CT.H.” They have also
shown that the somatotrophic hormone exercises a delaying and distinctly neutra-
lizing action in the mice : prolongation of prepatent perind and the stabilization
of paragitemia at a low level with complete disappearance of multiplying forms.

Fabiant and Orfila {unpublished reports) observed the effect of somatotropine
hypophysaine combined with acetate of Desoxycorticosterone D.0O.C.A.} on the
malaria of mice. Since the investigation was confined to 72 mice only, no
vonclusive results can be drawn.

ACQUIRED IMMUNITY.

In a certain number of animal species, the acute infection by P. berghei
vt be controlled and clinical recovery or cure is not followed immediately by the
total disappearance of parasites but by 4 period of latent infection lasting some
months, during which relapses can occur either spontaneously or be induced by
splenectomy. The cured animal resists re-inoculation. We will, therefore, analyse
the principal manifestations of acquired immunity, its general characteristics and
its mechanism. We shall consider mainly the researches conducted on white rats
for this'animal has been studied the most,
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. PRINCIPAL MANIFESTATIONS OF ACQUIRED IMMUNITY.
{4) CURE OF AGQUTE INFEQTION,

Among the asimals sufficiently old and susceptible to spontaneous cure, the
parasitemia undergoes a progressive increase whichis more or less regular, up to
L maximum. If dcath does not occur during this period, theparasitemia decreases
very rapidly. A 5o per cent cell infection, for example, fell in a day to ten per
cent, then to five per cent and later to one per cent, In a few days, parasites
disappear from the peripheral blood. ‘This parasitic crisis has been observed and
described in white rats by Corradetti (1950) and confirmed by Fabiani, Vargues,
Grelict, Fulchiron and Verain (1952). It is also seen distinctly in the diagramatic
representation of the course of parasitemia, made by Black (1951) and the figures
reported by Hsu and Geiman (1g52) and Ramakrishnan, Satya Prakash and
Krishnaswami (1g51). It must, however, be noted that Mercado and Goatney
[19515) describe a progressive dimunition of the blood infection.

The abrupt fall in parasitemia which demonstrates the intervention of
specific immunity has been reported in Microtus guentheri by Zuckermann and Yoeli
{1951) and Mercado and Coatney {1953).

Role of the spleen~—Rodhain (1949 3 1651) recorded that three out of four
cotton rats splenectomized prior to infection, died of the disease. Galliard and
Lapierre {(1951) made similar observations in four young rats and three of an older
age group. One of the latter, however, recovered after a prolonged parasitzmia.
Zuckerman and Yoeli {1951) removed the spleen from 26 voles {AMicrotus guentheri)
prior to inoculation or during patent parasitemia {belove the intervention of
specific immunity).  All the animals died. Fabiani and Fulchiron (19544)
splenectomized 44 white rats prior (o inoculation or during patent infection and
A1 of them died.  The spleen, therefore, plays a very important role and is almost
indispensable for the development of acquired immunity.

(B} LATENT INFEGTION.

The parasites persist in the animal after it recovers from the primary
parasitemia, from a few weeks to months. The latent character of the disease
hows that the immunity is not sufficient to destroy ali the parasites. Tt is, however,
sufficient to prevent patent parasitemia. During the period of latency, it is not
rare to demonstrate the presence of occasional parasites in the blood, cither by
{requent examination of the hlood, or by inoculation of the animal’s blood mto
susceptible animals. The latter proof would appear to be more sensitive than the
former. The occasional parasitemia duringlatency Js often transitory and is always
low and hardly deserves the term of relapse by which it is commonly called.

Sergent and Poncet {1950) demonstrated the presence of parasites in the blood
ol white rats, a few days after recovery from primary parasitemia. Levaditi and
Vaisman (1950) proved that 18 or 42 days alter clinical cure, blood or viscera of
animals can be infective although the blood films are negative. Raffwle and
Baldi (1950) observed that parasites were patent in the blood infrequently during
a period of 100 days after inoculation. Corradetti (1050) examined the blood of
ten rats daily during a period of 28 to 122 days. He found that only three of them
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had any parasitic recrudesences which hecame absent after the 50th day. Black
:1951) observed 25 rats daily and recorded mild relapses of one to five days’ dura-
rion in the three weeks following primary parasitemia. Galliard and Lapierre
1951t} record similar results,

Fabtani and Grellet {1952} observed that the blood of three out ol nine ani-
mals is infective one week after recovery, but not fater. A great point of interest is,
Black (1951) in his experiments sacrificed a rat two months afler it recovered from
infection, and demonstrated that its blood and viscera were infective to a [resh
rat. Similar procedure, however, in a second similar rat killed two weeks later,
showed that its blood and tissues did not contain any parasites. Coudert and
Chastel {1952) report results similar to those of other authors,

It would appear, therefore, that among the majority of the rats a latent
infection was of a brief duratien which does not exceed two or three months.
However, other studies show that a1 least occasionally the latent period can
e of longer duration. Ramakrishnan, Satya Prakash and Krishnaswami (1951)
observed two relapses ; one seven months and the other eight months after the
inoculation. They also showed that blood can remain infective up to six months.
Vincke, Peeters and Frankie (19531 record, * The longest pertod in which we have
obtained positive sub-inoculations is 150 days after the end of the critical period.
However, sub-inoculation from another rat was found to be negative after the
37th day. The white rat can conserve parasites in the blood for long periods,
but can also lose them rapidly ™.

In animals other than the rat, the peviod during which the blood contains
latent parasites 1s very variable. No one seems to have ohserved reappearance
of parasites in the blood of R. raitus.  Parasites were seen in the blood for a few days
in bats (Roussette) and more often for some months among Thamuomys surdaster
iVincke ef al., 1953), Oryzomps palustris {Mercado and Goatney, 19514} and in the
Gerbille, the Merion {Durand and Mathis, 19518). In the last mentioned animal,
Sergent and Poncet (19514) have proved the presence of parasites in the viscera,
ten months after the infection,  Let us note finally the existence of spontaneous
refapses with intensive parasitemia in Cricelomys ansorget (Vincke et al.. 19533).

RELAPSES PROVOKED BY SPLENECTOMY.

Relapses are frequent In rat malaria as in that of man, monkey and bird,
when it is splenectomized during fatent infection {Galliard and Laiperre, 1950,
Black, 1951 ; Ramakrishnan, Satya Prakash and Krishnaswami, 1951 ; Hsu and
Creiman, rgg2 ; Chastel, 1952).  But this result is obtained only if the splencctomy
is performed shortly after the primary phase. It is thus that Hsu and Geiman
“1g52) obtain a relapse in the week which follows the cure only as lonyg as the spleen
an removal is found to be enlarged. Biack {1951) in his experiments splenec-
tomized 24 rats in the course of his experiments.  He found that relapses did not
veeur if splenectomy were performed 52 days after the inoculation.  Finally,
Clorradetti (1952} did not observe in ten rats recovered from the infection any
relapse on splenectomy which was performed during 28 to 122 days. The post-
splenectomy relapse would appear to vary in character and duration. It may
end with death of the host, or be overcome completely or partially when a low
mfection may persist for a long time, ’
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The experiments of Fabiani, Vargues, Grellet and Clausse {1g51) and
Fabiani and Fulchiron {19544) were carried out on 6o rats. They observed 50
relapses.  But it is cssential to distinguish the results according to the intervals
separating the end of the primary parasitemia from the splencctomy, If the
interval was less than a month, the relapse was constant.  In g7 animals of this
series, recovery was obtained for less than 20 days. In 26 of them, the relapses
were severe. In nine others, the relapse was not severe even if splenectomy occur-
red between 2oth and 2gth days.  Fourteen rats were splencctomized 3o days after
recovery from primary parasitemia.  Only four of them had relapses and in three
aut of these four other factors like supra-renalectomy and cxcessive bleeding may
have contributed towards the relapse.

Zuckerman and Yoeli {1g51) have obtained comparative results among
Microtus guentheri. The occurrence of post-splenectomy relapse and its intensity are
the function of the interval which separates the remaoval of the spleen and the
commencement of the Jatent period. Finally, Rodhain (1951) obtained relapse
in three cotton rats following splenectomy after prolonged chronic infection.

The spleen, therefore, is very useful in the maintenance of immunity to infec-
ton, hut the latter can reappear after splenectomy ; such a relapse can terminate
completely or incompletely, in which case it becomes a chronic infection, In
vroportion to the period that elapses between splenectomy and recovery from
primary parasitzmia, we have scen that the extra-splenic factors play a rgle of

mcreasing  importance in  establishing  persistence  or  re-establishment  of
immunity.

OTHER FAGTORS INFLUENCING LATENT INFEGTION.

The hilateral supra-renalectomy, injection of adrenaline or hamolytic serum
can induce a relapse of P, berghei maltaria.  The blockage of the reticulo-endathelical
system, bleeding, barometric depression and gestation do not appear to have any
effect on the immunity during latent infection (Fabiani, Izzo and Grellet, 1951).

¢!, RESISTANCE TO RE-INOGULATION.

This classical fact, well-known in the diflerent plasmodial infections, was
first recognized with reference to P, berghet malaria in R. rattus by Vincke and van
den Bulcke {19496). Re-inoculation of 22 immune animals resulted in a feeble
parasitzmia only among four animals. The persistence of the original infection
during a minimum period of seven months was demonstrated by massive inocula-
1ion of blood and organs of some of the animals into another series of fresh animals
in which they obscrved *° progressive parasitemia rising with fatal issuc . *‘ The
last ten were cured after a brief Infection . Some of these immune animals in
the experiments had recovered from their primary parasitamia moere than a year
earlier. Raffzle and Baldi (1950} note the failure of re-inoculation in a rat go
days after the primary infection. Corradetti {1950) re-inoculated 11 rats which had
recovered from primary parasitemia at varying periods, from 76 to zo5 days
previously.  Four rats presented a low parasitemia which lasted for three to
five days. Ramakrishnan, Satya Prakash and Krishnaswami (1951) report the
failure of re-inoculation in nine instances. Black {1951} points out that after
re-inoculation only one or two parasites in 50 microscopic ficlds were observed.
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Fabiani and collaborators {unpublished reports) re-inoculated  known
quantities of parasitized cells. Out of 21 immune rats which were re-inuculated
with d't million to 5 million parasitized cells, only four had patent parasitzmia
for a brief period. Fabiani, Vargues and Fulchiron (1g52) inoculated large
guantities of parasites of the order of goo million per rat through the intra-cardiac
route ¢r intra-peritonecal route. The technigue of massive inoculations results in
an appreciable patent parasitemia rapidly or even immediately n the receptor
animal. Such a technique of re-inoculation may indicate the degree of acquired
immunity, Besides, it will be possible to observethe presence or absence of parasite
nultiplication in the receptor animal, The parasitized polychromatophitic cells
of the donor can be recognized in the receiving animal, and may make it possible
ta distinguish the donor infection from that of the recipient which, i present, will
be found at the commencement of infection in mature erythrocytes. By these
techniques, the authors have proved resistance to re-inoculations in immune rats
for as fong periods as 1o, 11 and even 15 months after recovery from primary
infections. They have also been able to show that different degrees of acquired
immunity can be distinguished and have been able to measure it quantitatively.
tt is in this fashion that they have been able to assess in a precise manner the
reinforcement of immunity by successive reinoculations in hyper-immunized rats.

Krishnaswami ef al. (1g53) report some comparable results by employing
very high dases (up to two milliards of parasites).  Zuckerman (1953) re-inoculating
voles arrived at identical conclusions,

REINOCULATION OF IMMUNE BUT SPLENECTOMIZED ANIMALSL,

Re-inoculation of immune animals which did not suffer from any relapse
uter splenectomy, or recovered from the post-splenectomy relapse, generally results
in a chronic infection of low intensity (Black, 1951 ; Zuckerman and Yoeli, 19571 ;
Fabiani and Fulchiron, 1g952). This would indicate that there is a persistence
of o certain degree of specfic immunity even after splenectomy, since the
parasitemia remains tow, This persistence of specific immunity is also demon-
strated in a splenectomized animat by the chronic patent iefection remaining
unaltered by re-inoculation.

GENRERAL CHARACTERISTICS AND MECHANISM OF TMMUNITY.

the period of immunity—Re-inoculation c¢xperiments have shown that
acquired immunity in rats can Jast al least one year after the recovery (rom
primary infections. As the latent infection is hardly prolonged in general for more
than a few months, it appears probable that the immunity can persist even after
the latent infection ends.  Likewise the disappearance of the parasites by nivaquine
does not suppress the timmunity.

Cross fmmunity.~—A Cross ingnunity exists more or less between two different
stradns of P, bergher (Vincke and van den Bulcke, 19494 ; Fabiani and Pulchiron,
1952 ; Krishnaswami ¢f al., 1953).

Passive immunily of maternal origin~When rats born of immune females are
inoculated some days after birth, the resulting infection gets cured spontaneously.
This is! contrary to the course of infection similarly produced in rats of the same
age horn of non-immune females (Fabiani and Fulchiron, 1952).
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Mechanism of tnumunity.—Both humoral and cellular mechanisms of immunity
are present in P, berghei infections. Phagocytes play an important role in the
natural vesistance and above all in the acquired resistance during parasitic crisis,
Several workers have observed it. Fabiani and Hadjeres {(unpublished report)
have studied its topographical localization and its mode of appearance in the spleen
and liver. The humoral mechanism also comes into play, but is more complex.
some visible signs of it appear in the course of the disease (Vargues, Fabiani and
Fulchiron, 19571; Pautrizel and Nein, 1953), but its immuniziug rale is not proved,
On the contrary, 2 humoral factor deseribed by Valliaferro (1944} in simian malaria
which effects a decrease in the number of merogoites during the parasitic crisis,
would seem to be present in rats also.  The protective power of serum can also be
demonstrated by the sero-protection test (Fabiani and Fulchiron, 1952). These
antibodics exercise an opsonising effect which is demonstrated by the presence of
phagocytosed parasitized cells in the peritoneal fluid withdrawn after successive
injections of tmmune serum and parasitized cells respectively (Fabiani and
Fulchiron, 1952). The sero-protective power is of briel duration and cannot
prevent for long the development of malaria in a [resh animal. It does not appear
to have any action in mire,

‘The rale of the spleen is characteristic in the immunity to P, berghei infection
as 1 other plasmodial infections, particularly to erythrocytic infection. Its role
in malaria s evident, whatever the precise physiological mechanism may be.
Investigations on P. berghei infections in voles and white rats permit us to state
more precisely the immunizing function of the spleen. At the commencement of
the discase, the spleen is indispensable to the anti-plasmodial defence ; without it
the immunity almost never appears. The spleen is thus an organ of primary
response to biood infection. Later it ceases to be indispensable {or some mechanism
of substitution for the spleen develops at Jeast partially. Our conclusions are
simiiar to those of Zuckerman and Yoel {(1951) and in part to those of Talliaferro
{1950} in the studies on the production of heemelysins m rabbits,

THE IMMUNOLOGIGAL PROBLEM OF FHE MICE,

The infection of the mice is always severe and Jatal,  Such & the opmion
of every author who has studied #t.  We have demonstrated this in 200 mice which
we infected.  There is only one exception reported by Vincke, Pecters and Frankic
. 1953} who state ©* Only one mouse outlived nearly four months this infection and
given a positive sub-innculation of his blood go days after his eritical phase .

The causes of this absence of inumunity in mice are not known. Death
securs even when the infection lasts several weeks either naturally or due to
therapeutic intervention. Fabiani and Hadjeres (unpublished report) have
proved that phagocytosis develops less quickly and more feebly in mice than in
rats. The question remains, however, whether the phagocytic insufficiency causes
the non-manifestation of immunity and nullifies the efficacy of antibodies. But
in this connection it must be remembered that Fabiani and Orfila (19544) have
not heen able to determine the existence of any protective power in the serum
of mice in which the infection had been present for two weeks.
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It has, however, been possible for us to obtain the appearance of specific
immunity among the mice subjected to milk diet or to a treatment by sulphadiazine
:Fabiani and Orfila {1954¢ : 19544). In two mice fed on a milk diet, the patent
parasitemia disappeared. The mice were then fed on the normal diet and later
re-inogulated and exhibited only a mild parasitemia from which they recovered
spontaneously. On the other hand, four infected mice which were treated with
sulphadiazine showed either a transient relapse or underwent a spontancous remis-
sion of parasitemia. The sulphadiazine treatment was stopped after two or three
wecks, Those that did not show repatency of parasites under treatment, werc
re-inoculated after the therapy with the result that a feeble and transient parasite-
mia appeared after 2 long pre-patent period. In this instance also it appeared to
demonsirate the existence of immunity to reinfection, Lapierre (1954) confirms
the existence of immunity in mice treated with nivaguine due to the fact that
relapses occurred in such mice at progressively increasing intervals. Investigations
are being pursued in order to determine by what mecharism the milk food or the
sulphadiazine treatment modify the host {(mouse) and enable it to develop specific
T MuRity.

CONCLUSION,

ft is possible to classify the immunologial facts that have resulted from
studies on P. berghei infections.

1. In susceptible animals inoculated © A lowering of the natural resistance
nerease of reticulocytes).

2. In susceptible animals inoculated after splenectomy : Severe progress of
infection (absence of acquired immunity).

3. In animals which recover spontancously from the primary infection :
Absence of relapse in spite of a latent infection ; resistance to re-tnoculation ;
selapses can be induced by certain procedures ; disappearance of larent infections.

4. In immune animals submitted to re-inoculations : Reinforcement of
tmanunity,

5. In immune animals splenectomized : Relapse or u chronic infection or a
re-appearance of an immunity.

6. In mice : Possibility of appearance of immunity under the influence of
mitk diet or sulphanamide therapy.

Investigations on immunily to . berghei infections are of great interest for
different reasons : possibility of quantitative assessment of immunity, and varying
sither the intensity of infection or a host element essential to parasites, namely,
reticulocytes. Analysis of the role of spleen in the various manifestations of
smmunity. Effect of specific nutritional factors like miltk on the establishment
of specific immunity.

In conclusion, immunity to P. berghei infections offers an extremely wide
range for study ; innate resistance, influence of age, the dict or infection itself,
the greater or less tolerance of the host to the physio-pathological influence of
che infection, the rapid or slow intervention or intense of wild intervention of
specific  immunity, eflicacy and stability of acquired immunicy, causes for
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individual vartations i a suseeptible animal species, the diversity of the cousse of
infection in diflerent apimals, varying from inapparent infections in the vole
{ Meriones) to pernicious infections in mice or relapsing infections in Cricelomys.
There is probably no other plasmodial species than P. berghei which provokes so
great a diversity of infection patterns in spite of the uniformity of immunologicat
reacttons,
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INVESTIGATIONS ON IMMUNITY TO PLASMODIUM
BERGHE] INFECTION IN MICE.*

BY
H. GALLIARD
AND
J. LAPIERRE.
Factdty of Medieine, Tusiitute of Parastiology, Paris.)
{Oczobser 16, W54

PrLasmonivM BERGHEL infections in muce are invariably fatal, The present
investigations are attempts to determine whether it is possible to terminate or to
modify in any manner the progress and fatal course of infection. We have tested,
in the last lour vears, various substances administered to infected mice, for their
action. Some among the substances have an aptimalarial activity against the
parasite,  Others, with no specific antimalarial activity, were also of interest to
us due to their modifying action of the host immunity o infection.

The investigations arc described under three headings (-

{1} Biological attempts.
12} Attempts with various non-specific substances.
g} Attempts with antimalarials,

BIOQLOGICGAL NTPEMPES,

Fhe acquisition of tnunity being the rule in infected rats, we considered
that the presence of antibodies in the serum of immunc rats could protect mice
against P. berghei infection. We, therelore, injected the serem collected from rats,
five days after the infection becamc latent, into mice. We found that this sero-
protection is distinctly ineffective in either the prevention of infection or in
modifving its course when once established.

We also injected immune rat serum preserved in ice for three days into
another lot of mice in which the infection was well estabiished. The course of
infection in the mice was not modilied in any way,

The problem was approached in another way. It s known that the parasites
in the gut of Rhednius profixus fed on infected rats do not survive lor more than

*Thanks are due w Mr. K. (io;;él-axkr};ll1;an, Assistant Director-General, Indian Posis and Telegraphs,
for translating ihe original paper written in French inte English,—-Fditer.

{463 )
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24 hours. The digested gut contents of Rhodnius were intecred intradermally into
mice and found of no protective value to them when infected.

Thus treatment with immune rat serum appeared to be distinctly ineffica-
cious o protect mice from P. berghei infection. It has, however, to be borne in
mind that it was not possible to administer large doses of immune rat serum to
ice to:confer passive immunity (o them due to the mice heing highly sensitive
1o heterogenous protein.

AFTEMPTS WITH VARIOUS NON-SPECIFIC SUBSTANCES.

We have investigated the action of para-aminosalycilic acid {PAS) in /.
herghei infections in mice, Deschiens and Pick (1949) found favourable results
in P. gallingceum infections when treated with PAS, Three lots ol mice have
heen used.  The first lot received onc mg. of PAS daily through the subcutaneous
route for six days commencing from two days prior to the inoculation. 'There-
after the dose was increased up to 50 mg, The mice died on the 11th, i2th and
13th day of infection similar to the controls of the third lot.  The second lot of
mice were treated at the height of inlection (commencing from the 8th day)
with three injections of g0 mg. of PAS in six days. 'The mortality was stmilar to
that of the first lot. It appears, therefore, that PAS has no effect whatsoever on
P, bherghet infections.

We have also tried to protect infected mice by a diet of milk exclusively or
mitk enriched by vitamin complex (B, B, nicotinamide and cal-iuim panto-
thenate). Like Schneider and Montezin (1950}, we have not proved any influence
of milk.on the progress of infection. Tt is not known whether these results were not
dne to digestive disorders which arc nearly always present in mice when submitted

w such diets.

In order ta reduce the anaxmia due to P. berghei infection in mice, we have
injected into them, both prior to and during infection, folic acid and vitamin B, .
The modest doses of vitamin B,, used at the beginning of our experiments were
soon increased up to 100-3,000 gamma. By such treatment, we bave obtained
increased survival of infected mice by one to three days. But on the whole the
difference hetween treated and untreated mice is not appreciably significant.

We have tested the effeci of somatotrophic pituitary hormone (STH} in
P, berghet infections, as it is known to stimulate tissue and metabolic growth, promete
vhagocytosis and at the same time s anlagonistic to AGTH.

Inoculation and commencement of treatment took place simultaneousty
in, the first series of experiments involving 14 mice, Injection of five units of the
hormone every alternate day delayed death by three days in the experimental lot
as compared to the controls (nine days against six days). The parasitemia in the
wreated group was less than that of controls.

in the second series of animals {14 mice), the treatment commenced on the

day after the inoculation and lasted for ten days. Each injection of the hormone
given every alternate day, consisted of five units. The untreated controls died



H. Galliard and J. Lapiere. 305

in tive 1o six days with 50 per cent cell infection while the treated animals died
hetween the gth and r1th day, without any patent parasitwmia, or occasiopally with
one parasite for cvery 1,000 to 3,000 red cells. The parasitemia remained constant
during the last three days. As against untreated controls which died in eight
days with 4o to 6o per cenl parasitized cells, some treated mice survived up to
24 days and had 8 to 15 per cent parasitized cells at death,  The progyess of infec-
tion in the treated mice has been characteristic in that the prepatent period was
cight days as compared to two days in the untreated. Further, the course of
patent parasitemia was peculiar and characteristic.  In three animals, the
parasitemia distinctly increased (g0 to 40 per cent parasitized cells) up to the 15th
day, then deccreased to 20 per cent parasitized cells on the 17th day and five per
cent on the zoth day when the animals died. In one animal, the injection of
hormone was stopped on the 22nd day. The parasilemia rose to ten per cent
cell infection on the 24th day when the animal died. In all cases, the parasitzmia
was low ab death.

From the point of view of morphology of parasites, there iy hardly any difference
in the treated and untreated animals till the i15th day., The treatment produces
a sudden dimunition of the parasiteamia which is characterized by a considerable
reduction in the number of dividing forms, a complete absence of schizonts and
merozoites both intra- and extra-cellular. The parasites are maialy those of the
ring stage found in red cells which exhibit basophille granules, When the mice
survive beyond 20 days and the treatment is withdrawn, dividing forms and
schizonts immediately reappear with an increase in parasitemia.

By way of recapitulation, pituitary STH hormone exercises a retarding
and neutralizing action on P. berghei infection in mive, provided the animals are
pre-conditioned by treatment prior {o inoculation and continued after it. "The
course of infection is characterized by a prolongation of the prepatent period and
the stabilization of parasitemia at a fow level with the disappearance of dividing
forms. The reappearance of dividing forms and increase in the parasitzmia take
place immediately the treatment is withdrawn.

We have described above the observed effect of pituitary STH hormone on
the couarse of infection. The slightly longer survival of the treated animals, how-
ever, is difficult to interpret.  Itis possible that a diet, rich in protein, may counter-
act the increased metabolism due to the hormone and facilitate its action. To
tesi such a hypothesis, we fed mice with a total extract of mitk (hyperprotidine).
When such mice are infected and treated with STH, the animals are found to have
mcreased appetite and their infection is much move severe. The resulis varied
in the different animals, In some, the infection was prolonged and persisted ¢ill
after 28 days when the blood showed 3 to 20 per cent parasitized cells.  In others,
the infection was continuocusty severe up to thez27th day when the blood showed 8o
percentcellinfection. Such severe intections have not been observed by us previously.

It is possible that the high protein diet compensates the increased metabolism
induced by STH and enables the animal o resist relatively even exceptionally
severe infections.

These results pose a question as to how an exclusive diet of proteins would
affect the infection in mice.  Our experiments have proved that the effect of such
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adiet Iy very appreciable.  The prepatent period inanimals on such diet is pro-
longed and the survival period is increased by five to eight days in comparison
o the control animals. Sometimes the infection is distinctly reduced at the
ferminal period.

In conclusion, PAS, contrary to what is obscrved in P. gallinacenm inlection,
does not exercise any action on P. herghei infections. Administration of anti-
anemic agents (folic acid, vitamin B,,) compensates the anemia due to infection
but otherwise as inefficacious as an exclusive milk diet or one in which milk s
enviched by vitamin complex {B,, B, nicotinamide, calcium pdﬂlt)thl"n‘.dtf‘} On
rhe contrary STH, and a diet exclusively of proteins, exercise a retardmmg and
iiistmcti\ neutmlmng cffect on P. herghei infections in mice without, however, being
able to'save the animals from death,

AVTEMPTS WITH PLASMODICIDAL DRUGS.

ifferent authors have pointed out the cwative action of antimalarials in
P. berghei infections.  Vincke and van den Bulcke {1944} were the first {0 point
out the curative effect of Aralen {Nivaguine) which clears rapidly the parasites
irom the peripheral blood.  The majority of treated mice had latent tnfections for
long perinds but some appear to have been definitely cured.  The number of such
cured animals increased proportionately 1o the number of animals in which the
relapses were treated,

Other authors, particularly Baldi and Della Rocea {1951), have confirmed
these findings. These two anthors reinoculated freated mice two to four months
ofd after the primary inoculation and found that the re-infection was severe,  The
tirst infection was thus found to have had no effect on the second.

We have investigated wheiber repeated treatment of relapses with simall doses
of nivagquine, thus prolonging the infcetion, would produce any premunition. The
hasts of treatment was determined by rhe observed daily parasitemia as well as
the general condition of the animal, i.e, colouration of skin, appearance of hair,
and general behaviour,

We examuned blood filrus daily and studied the hiematology both during
peniods of patent parasitemia and whenthe parasttemia was not patent.  We shall
not enter into the details of the experiments.  They were carricd out on 40 mice,
Only 4 dozen of these had a certain number of relapses which we have been abie to
follow sufficiently long. With the object ol determining the presence of any
resistance to reinfection in the nnce freated for several relapses, we have re-
innculated them with the homologons strain from 20 to 200 days alter treatment,
Fhe conclusions of the investigations ave as follows:

Repeated treatment with niv aqurne of successive relapses i i mice intected with
i*. berghei establishes a progressive resistance to the parasite as indicated by the
progressive prolongation of the inter-reJapse periods proportionately to the increased
doses of nivaquine. In other words, the hematological modifications (with parti-
cular reference to leucocytes) are less pronounced in the course of different relapses,
and remain constant. Thig resistance is variable in individual mice. 1t is some-
times found to be absent altogether as the mice are re-infected easily even after
une or more relapses having been treated.
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In some cuses, the resistance s of a low order. The restnoculated mice
exhibit a prolonged prepatent period as compared to controls.

In other cases, the resistance is high and it is not possible to re-infect the
mice, In one case the period of 11 days that elapsed between re-inoculation
and death of the animal, cannot indisputably be taken to indicate prolongation
ol the prepatent period.  Neverthcless, we feel that a high degree of resistance
to infection was shown by the animal.

A remarkable observation is in (he case of 2 mouse which has acquired steri-
lizing imumunity. This mouse exbibited a mild purasitic relapse after 45 days of
fatency. The relapse regressed and disappeared spontanecousty without any
treatment. Normally untreated relapses in mice terminate fatally,  Thus it would
appear that some resistance to infection can develop in certain mice as a result of
repeated treatment. ‘The resistance would appear to vary in different mice from
being completely absent in some which are casily re-infected, while in others is
sufficiently high to prevent re-infection, This immunity in mice appears, how-
ever, to be short lived as after sometime they can be re-infected.

CONCLUSIONS,

In terms of wvestigations discussed above, it appears that non-plasmodicidal
substances are rarely capable of modifving favourably the course of P, berghet
infection in mice.  An inieresting instance is that of pituitary STH which exercises
« retarding and distinctly neutralizing action on P. berghei infection. It appears
that this action of the hormone can be re-inforced by 4 diet rich in proteins. The
proteins probably act by compensating the increased metabolism induced by the
hormone and spare the infected mouse a longer period of survival., It must also be
remembered that a similar effect is encountered when the mice are fed on a diet
rich in proteins even in the absence of any further treatment.

Plasmodicidal drugs used to treat succesive relapses are capable of producing
4 progresstve resistance to parasite in the host. The degree of such resistance,
however, varies in different mice. It differs from u complete absence in some mice
1o a sufficiently high degree of a sterilizing immunity te prevent re-infection totally,

We have intentionally confined ourselves to the results of our investigations
on mice. It appears to us that attempts to produce resistance to re-infection with
P. berghei to be significant, must he made in micein which the infection is uniformly
severe,

With regard to the rat, results are more difficult to interpret since it is known
among them that there exists an immunity which is greater in older animals. We
have already had occasion in our previous publications to cmphasize this funda-
mental difference between monse and rat, and the preference 1o the former for
mvestigations to study the diet and medication for a protective effect against P.
herghet infection.

SUMMARY,

Ipnnunity is difficult to study in rats, which recover spontaneously, Whilst
in mice the course of infection by Plasmedium berghei is always fatal, the slightest
favourable effect interfering with this course is conspicuous,  Different methods
were used,
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1. Biolagical—Injection of serum of rats having recovered from their in-
fection, or serum of infected mice. No favourable result was obtained. Besides,
nice are very suscepnblc to heterogeneous proteins and do not support necessary
doses to build a passive immunity. No results were obtained with injections of
infected b!oud partly digested in the mid-gut of Rhodnius prolixus.

2. Non-specific substances.—-Neither para-aminosalicylic acid which inhibits
infections bv Plasmodium gallinacewn had any effect on the course of P. berghei in mice
nor a vitamin complex (B, By, nicotinic acid, caleium pantothenate).  In order
1o prevent anemia, heavy doses of vitamin B, and folic acid were given preventively
as well ‘as curatwcly The treated mice died one to three days after controls.
Milk diet was absolutely ineffective.

Somatotrophic hormone (STH) has a definite inhibiting effect on P. berghet
i it s injected before and during infection. The results are variable. In all cases,
the prepatent period is pmlonged {eight days ; two days in controls), Treated
mice died much later than controls with few infected red cells {5 to 15 per cent
on the 24th day; 6o per cent on 8th day in controls). To neutralize anabolizing
effect of STH we added to the diet total milk protein extract. Death was consi-
derably delayed (28th day) and occurred with a very slight (5 per cent) or heavy
:Bo per.cent) infection. Protein extract, used exclusively, has also some inhibiting
effect on the infection.

4. Plasmodisidal drugs.—We iried 1o obtain immunity in mice by way of
repeated treatment of each recurrence of the infection with small doses of nivaquine.
A definjte resistance develops and the duration of the latent phase increases after
vach relapse followed by treatment. A phase of true immunity occurs, more or
less soon, during which the animal is able to control, without treatment, a parasitic
relapse, This phase is short. It is followed by entire clinical recovery and aboli-
tion of parasitism. Animals become again susceptible and the result of re-
inoculation is exactly the same as in untreated controls,
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THE ABSENCE OF CROSS IMMUNITY BETWEEN PLASMODIUM
BERGHEI (VINCKE AND LIPS) AND PLASMODIUM
VINCKE! (RODHAIN)*,

By
J. RODHAIN,

iPrince Leopold Institute of Tropical Medicine, Aniwerp.:
Augest 18, 1954

‘fur, Plasinodia of small rodents discovered at Katanga, Belgian Congo,
vonsidered 10 be morphologically und biologically different from one another,
have nevertheless more than one character in common.

First, they both have the interesting characteristic of being transmissible to
white mice although their pathogenicity to mice are of different degrees. Another
common character is that the wild mosquito Anopheles dureni (Edwards) is the
vector for both, It was considered of interest 10 examine whether there 3s any
cross immunity between the infections due to the two parasites, The existence
of crosssimmunity should in a way bring the two species close 1o one another,
On the contrary its non-existence should favour their scparation into two species.
With this object in view, we carried out a number of experiments with mice and
FiLls.

1t is necessary io vecall briefly the respective pathogenic characteristics of the
twa parasites with regard to the animals used in the experiments, and briefly review
what is known about the immunity which manifests itself in the rodents after their
infections have been cured.

It has been established that P. berghei infections in mice are always fatal |
this cxcludes experiments on immunity in these animals doring the course of
urinterrupted infection in them. It is dilferent in the rats, The proportion of
rats inoculated with P. berghei that survive, varies with age.  The young animals
die in greater numbers than adults. 1In the latter, almost 50 per cent are cured.
The animals which survive show resistance to re-inoculation. They acquire

*Thanks are due to Dr. D, Metselaar, M.B., D.T.M. & H. {Engiand), Chiet of the Malaria Division
of Public Health Service, Netherlands, New Guinea, fortranslating the original paper writtenin French into
Ynglish, during his visit on W.H.O. fellowship.---Edifor.
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imunuity the peculiarities of which have been the object of numerous investiga-
uons, To cite only those of Corradetti (1950) in Italy and. of H. Galliard and
lapierre {1951} in France, have heen of great interest,

With regard to P. zinckei, in the course of experimenis 8o per cent of the
intected mice survived, Tor this rcason it was possible to investigate if these animals
had an initial advantage when cxposed subsequently to P. berghei infection, The
results of such experiments are givep later,

The resulis of an opposite experiment which consisted of re-infecting with
P. vinckei vats naturally cured of their P. berghet infections secemed to us less con-
vincing,  As a matter of fact, the first adult rat inoculated with parasitized mouse
blood did not contract the infection. Vincke {1953) himself had similar negative
results.  Besides, of the three splenectomized rats inoculated with P. vincker one
did not acquire the infection, and the two others had a mild parasitemia. Finally,
in young rats the weight of which varied between 25 and g0 g., we found go per
vent of the inoculated animals had a fatal course. The fatal course diminished
proportibnately when animals with higher weight were used. But the infections
were always accompanied with abundant parasitemia.

Working with young rats cured of P. berghei infection, it became possible to
abscrve that they were still susceptible to P. vinckei infection. In different serics of
experiments, the animals were moculated always by the intraperitoneal route
with three drops of blood containing abundant parasites, The blood was taken
from the tail of mice, rats and hamsters. We shall first describe the experiments
v mice cured of P. vinckei infections and subsequently incculated with P. berghei.
After that we shall describe the results obtained in young rats cured of P, berghei
miections and later exposed to P. wincke.

I, MICE CURED OF P. VINCRED INFECTIONS AND INOCULATED
WITH P. BERGHEL

Our firse sertes was carried out on three miice which were naturally cured of
their infection, Table T gives the details »—

Tasrr L

The course of P. berghei infection in mice cured of P. vinckei fnfection.

Nymber . Dase of Result of biood = Date of P, berghei

of the noculation sxaminalion : moculation Resulis
moeuse : i .
| Aprils 1952 | 254 b+b | July 8, 1952, DT
' 34 i Hamster Bload 2347 »faral
Curext E -, Munkaen
i strain I,
H] May o, 1852 Infection tepe : July B, 1932, B B S
: M5 i i Hamster bicod CoaET s faal
Curel "3 4, Mukata ;
| strain I, i
+H Avgust 8, 1952 {nfection was n.ot.ice-'[ September 2, 1952, ¢ 12-9 ;{atal
. able till August 30, | Mice bloed, Mukata !

after which it was | strain T, |
¢ cured.



J- Rodhan, 371

In each experment, control mice were inoculated which died i the same
period as Mice 1, g and 44. In a second series of experiments, we used mice cured
ance of a frst infection of P. vinckel and re-inoculated for a second time with
. vinckei, Table 1I describes the details,

Tasre TL

Mice having surpived twe inocalations of P vinckel, were later on wnoculaied witih
P. berghei.

Number. Date of first - Result of blood Date alsccond | Resalt of biood  Date of P,

of the ! inoculation ° examination | inoculation | examination |berghei inocula-: Rosulis
AORESE | ) | tion i
29 E]uiy 4, 1952, | Positive ‘ Aug. 29, 1952, | Positive ! Sept. 8, iﬁ;’;g Positive on
; . Jniy 2, 1852, ° Sep:. 1, 1952, | Praomysstrain | Sept. i0, 1952,
: * Clured ! i Cured : | Died
fluly 16, 10324 Sept. 8, (052, 1 Sept. 16, 1952,
B July 22, 1952, Positive §Aug, 19, 1952, 1 Very low para-) Sept s, 1952, 7 Positive on
: ¢ July 24, 1952, sites seen till | Mukata strain | Sept. 18, 1152,
" Blowt contain- | Sept. 8, 1952, L. © EHed
" ing very few i Sept. 20, 1952,
© parasites. i
$6 0 July 20, 1952, | Positive Aug. ) 18952, 1 Very lew para- Sept. 2, 1932, 1 Positive on
. , July 24, 1952, | : sites on Ang.  Mokaiastrain © Sept 5, 1952,
T On Aegust 19, c 2, 152, Few , IL , Dried
i 1932, very few . parasites  om | I Sept. B, 1932,
© plasmodiums. DAag. 23,1952, :
32 July 36,3952, Positive : Aug. 15, 1932, Pasitive i Sept. 8, 1952, ! Pusilive on
) PAue 4, 1052, Aug. 30, 1952, . Bergheistrain | Sept. 12, 1932,
J i Iew parasites . : Few parasites | 1V, i Died
on Aug. 18, Lonm Sept 9, L Sept, 26, 1952,
i RYorA ] ¢ (962, i :

Examination of the above table makes one conclude that there is complete
ahsence of resistance with regard to P. berghei in the four mice which had been
cxposed to two infections of P. pincker. Furthermore, let us also say that, in the
course of these experiments we have used four different Strains of P, berghei which
cnhances the value of these experiments, The berghei Strain 1V originates from
nearby Elisabethville, while the threc other strains have been isolated in the north,
the Mukata strains T and IT by inoculation of sporozoites from 4. dureni in white
rats, the Praomps strain by inoculation of blood from a Praomys found naturally
infected.

We must record some more peculiarities obscrved in mice which have been
submitted to a sccond inoculation of P. vinckei.  The blaod of Mouse 2g was free
of parasites during 34 days when it was inoculated for the second time. A few
parasities, schizonts and gametocytes, reappeared in the peripheral blood for only
five days. The behaviour of Mouse 34 was slightly different.  The infection was
serious in her as 2 result of the first inoculation.  There were still a few parasites
in her blood when she was re-inoculated. The parasites increased during six days,
to diminish from the eighth day onwards. But they were stit present 19 days after
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the second inoculation, In the meantime, the general appearance ol the animal
maintained well which allowed us to incculate her with 2. berghes.  The malaria
which resulted from the last infection of P. berghei, ended in death in ten days.

Mice 36 and 42 behaved almost like Mouse 2g9. The second inoculation of
P. vinckei resulted in the reappearance of a few parasites in the blood during five days.
We deseribe the details because they show that first infection of P. sinckei in the
mice: develops a degree of resistance with regard to re-infection. Re-infection,
nevertheless is followed by parasitemia of low intensity, is maintainsd more than
15 days, the animals remaining in a state of premunition. During this period
schizonits and gametocytes may persist in the blood and we have observed macro-
gametacytes which did not show the faintest sign of a vaccuole.

. YOUNG RATS CURED OF AN INFECTION OF P. BERGHE!I AND
RE-INOCULATED WITH P. VINCKEIL

We have done our experiments with two different series of animals.  In the
first series, the two animals cured of P. berghei had become semi-adults before
being inoculated with P. vinckei. Their first malaria had progressed with an average
intensity and the parasitemia in the one lasted for nine cays and in the other for
24 days. Their blood remained free of parasites from September go, 1953. They
were inoculated with P. sincker on February 18, 1954, by means «f heparinized
bloed from a young rat {Number 72) in which the infection was of the 2end passage
m young rats. The weight of the two animals was above 120 g. Both became
infected. Parasites appeared first on February 21. The parasitzmia lasted for
seven days in one and for 11 days in the other. The parasitss were never abund-
ant.  This completely corresponds with what is known to happen in clean
«emi-awdule rats.

In the sccond series, the interval between inoculation with 2, berghei and
P. vingkei was shorter in order to observe the results in relatively younger animals.
P. vincket used n this series had passed 43 and 44 passages in young rats. Four
animals were used in the experiment, their weights being, respectively, Rats t1and
12 of 35 g., Rat 13 of 50 g., and Rat 14 of 45 g They were inoculated intra-
veritoneally on May 3, 1954, with blood of Mouse 24 containing abundant parasites
of Kisanga strain.

Parasiies appeared in the blood in three rats on May 6, and in the tourth
an May 10. The parasitemia was heavy in two and moderate in the other two.
Duration of parasitemia in Rats 11 and 13 was 22 days, not more than g days in
Rat 12, and 15 days in Rat 40. The blood of the animals was free of parasites on
May 29, and showed reticulocytosis which we know accompanies a cure, Rats 12
and 14 were inoculated with P. vinckei on May 29; Rats 11 and 13 on June 1. Both
received intraperitoneally heavily parasitized blood obtained from the tail of young
rats {Nambers 112 and 113) in which P. pincket was of 43vd and 44th passage in
rats, ~ The four animals became infected.  The first parasites appearad in the blood
on the third day of inoculation. The parasitzmia developed normaily with regard
to their weights which had increased despite their previous infection with
P. berghei. Their weights were respectively 52, 50, 62 and 55 &
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The presence of parasites in the peripheral blood persisted during ten days
in Rat 14, 14 days in Rat 13, 25 days in Rat t2 and 27 days in Rat 13,

Also the morphology of the parasites was typical of P. vinckei, Regarding
the long persistence of parasites in Rat 13, we inoculated 0°25 c.c. of blood obtained
from the heart of the latter intotwo mice with the purpose te exclude the possibility
of a relapse of P. berghei. These two mice developed a typical fatal infection of
P. vincket,

CONCLUSION.

Mice which survived P. vincker walaria, remained suscepuble wo P. berghe
of which they died in the same time as clean control mice.

Young rats surviving P. berghei infection, remained susceptible 1o P, vincker.

These experiments show that there is no cross-immunity in mice and rats as
a result of the two infections,  The absolute absence of cross-immunity between the
two parasites proves their specificity.

Note.—Since the beginning of the year 1952 in which we started in our
laboratory the maintenance of a strain of P, vincket in mice, the parasite has consi-
derably increased its pathogenicity for these animals.  Besides, the serial passage
in young rats seemecd to have also increased the pathogenicity of the infection.
The pathogenicity of P. vinckei has, in this way, increased to that of P, berghet.
Morphologically, however, there has heen no visible alteration.
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SOME OBSERVATIONS ABOUT IMMUNITY TO
PLASMODIUM BERGHEL

BY
R. M. DE SMET
AND
G. FRANKIE.
(S.ERAM., B.P, vig0, Elisabethviile.)
{August 14, 1954.)
Tre following experiments were undertaken in an attempt to  establish

whether immunity or premunition to P. berghet exists or not,

For this study, the white mouse was unsuitable ; the course of infection being
always fatal in this animal,

We experimented on three species of rodents (Cricelomys ansorgei, Ratlus
norvegicus var. albinos and Thamnomys surdaster surdaster) which usually showed an
infection with relapses and final recovery.

These three species showed a definite resistance to re-inoculation but their
reactions being slightly different, we will describe them separately for each species.

I. CRICETOMYS ANSORGEL

OBSERVATION I

Cricetomys 6086,
December 20, 1952 : Inoculated with blood from the tail of a positive
white rat,
December 24, 1952, to January 26, 1653 : Positive.
January 27 te August 12, 1953 : Negative : four subinoculations to the white

mouse were negative {July 29, 30 and 31, 1953 : Treatment with
daraprim), ,

August 13, 1953 : Inoculated with one c.¢. blood from the heart of an infected
mouse.

(375)
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August 14 to September 4, 1953 : Negative.

September 5, 1953: Injected with o5 c.c. blood from the heart of an infected
mouse.

September 6 to September 23, 1353 : Negative.

September 25, 1953 @ Injected with one c.c. blood from the heart of an
infected mouse,

October 27, 1953 : Injected with three c.c. blood from the heart of an
infected white rat.

October 27, 1953 to January 27, 1954 : Negative.

January 28, 1954 : Re-inoculated with blood from the tail of an infected
white rat.

January 29 to July 8, 1954 : Remained negative.
fuly g, 1954 : Re-inoculated with one c.c. blood from the heart of an
infected white rat.

uly 10 to July 2o, 19354 : Negative,
Sty ] s 1954 g

(BSERVATION 2,

Uricelomys 5199.—

September 20, 1952 : Inoculated with blood from the tail of an infected
Thamnomys.

October 3 to October 14, 1952 @ Positive,

October 15, 1952 to January 23, 1953 : Negative | 18 sub-inoculations,
necgative,

January 24, 1953 : Re-inoculated with 15 drops of blood of a white rat,

January 25 to Februarv 3, 1953 : Negative.

February 6, 1953 : Re-inoculated with blood from the tail of a positive
Thamnomys.

February 7 to March 1, 1953 : Negative.

Magch 2, 1953 : Re-inoculated with blood from the tail of a positive mouse.

March 3 to March 19, 1953 * Negative.

March 20, 1953 : Inoculated with blood from the tail of an infected white
rat,

March 21 to June 26, 1953 : Negative.

June 27, rg53: Re-inoculated with blood from the heart of a positive
mouse.,

June 28 to September 29, 1953 : Negalive,

September 30, 1953 : Re-inoculated with blood from the heart of a positive
mouse.

October 1 to October 26, 1953 @ Negative,
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October 27, 1953 : Re-moculated with twe c.c. of blood from the heart of a
positive white rat.

Octoher 28, 1953 to January 10, 1954 : Negative.

January 11, 1954 : Re-inoculated with blood from the heart of a positive
MOuse.

January 11 wo July 8, 1954 @ Negative.

Julv g, 1954 ¢ Re-tnoeutated with one c.c. of bload from the heart of a
positive white rat.

July g to July 20, tg54 : Negative.

OBSERVATION 3.

Cricelomys 4066, -

July 18, 1952 : Incculated with 0775 vl of blood from the heart of a positive
white mouse.

July 23 10 October 25, 1952 @ Positive.

February 20, 1953 : Re-inoculated with biood from the tail of a positive
white mouse,

February 21 to March 1, 1953 1 Negative.

March 2, 1953 : Re-inoculated with blood from the tail of a positive mousc.

March g to March 18, 1g53 : Nepative.

March 19, 1953 : Re-inoculated with blood {from the tail of a positve

white rat. On the same day, Cricelanys 6202 {test proof), inoculated
with hlood from the tail of a positive white rat, became positive.

March 20 to July 31, 1953 : Negative.
August 1, 1953 : Re-inoculation with one c.c. of blood from the heart of a
positive white mouse. On the same day, Cricefomys 6636 (test proof),

injected with one c.c. of blood from the heart ol a positive mouse,
became positive.

August 8, 1953 to August 17, 1953 : Negative.
August 18, 1958 : Re-inoculated with one c.c. of blood from the heart of a

positive white rat. Cricefomys 6oo5 (test proof}, injected with two c.c.
of blood from the heart of a positive white rat, became positive.

August 19 to Seprember 4, 1953 @ Negative,
September 5, 1953 ¢ Re-inoculated with 1 c.c. of blood from the heart of

a positive mouse, Cricetomys 4329 (test proof), injected with one c.c. of
blood from the heart of a positive rat, became positive.

September 6 to September 23, 1953 : Negative.
September 24, 1953 @ Re-inoculated with one c.c. ol blood from the heart of

a positive mouse. Cricelomyps 6889 (test proof), injected with 075 c.c.
mixed biood from the heart of two positive mnice, became positive.,

September 25, 1953 to January 6, 1954 : Negative.



378 Some Observations ebout Immunity to P. Berghei.

Tanuary 7, 1954 : Re-inoculated with one c.c. of blood from the tail of a
- positive Cricelomys.

January 8§ to April 2, 1954 : Negative. ¥Four sub-inoculations negative,
: P » 1054 g g

ORSERVATION 4.
ricelomps 4317~

September 20, 1952 © Inoculated with blood irom the tail of a positive
Cricetomys.

September 24 to November 7, 1952 @ Positive,

November 12 to November 18, 1052 : Negative,

November 1g to December 3, 1952 @ Positive,

!)eécmber_ 5, 1952 to February 19, 1953 : Negative; four sub-inoculations,
" pegalive,

Fehruary 20, 1953 : Re-inocutated with blood from the tail of a positive
white rat.

February 21 to March 1, 1953 : Negative.

March 2, 1953 : Re-inoculated with blood from the tail of a positive mouse.

Mafch 2 to March 8, 1953 : Negative.

March 19, 1953 : Re-inoculated with blood from the tail of a positive
“white rat,

March fg to November 1, 1953 : Negative.

OBSERVATION 5,
sricetomys 3137
September g, 1952 ¢ Tnocutated with blood from the il of a positive
Thamnemys.
September 30 to October 1, 1952 : Positive,
tictaber 2 to October 20, 1952 : Negative,

October 25, 1952 ; Re-inoculated with blood from the fail of a positive
white rat,

October 22 to November 13, 1gi2 @ Negative,

November 14, 1952 ; Re-inocuiated with blood from the rail of i positive
‘Thamnomys,

November 15 to December 17, 1952 @ Negative.

December 18, 1952 @ Re-inoculated with blood from the tail of a positive
Thamnamys.

Becember 19 to December 28, 1g52 @ Negative.

December 29, 1952 @ Re-inoculated with 075 c.c, of blood from the heart
of a positive mouse.

December g0, 1952, to Julv 23, 1955 : Negative.
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Onservation 6.

Cricetomys 5189,

July 18, 1952 : Inoculated with o-75 c.c. of blood from the heart of 2 positive
mouse.

July 23 to September 15, 1952 @ Fositive.

September 17 to September go, 1g52 : Negative,

Qctober 3 1o October 1y, 1952 : Positive.

October 13, 1952 to February 2, 1933 : Negative ; two sub-inoculations,
positive ; two sub-incculanons, negative,

February 17, 1933 : Inoculated with blood from the tail of a positive white
rat.

February 18, to February 23, 1953 ¢ Negative,

February 24, 1953 : Re-inoculated with blood from the tail of a positive
nmouse.

February 24 to March 10, 1953 : Negative,

March 11, 1953 : Re-inoculated with blood from the tail of a positive white
rat, Cricetomys 6240 (test proof}, injected with blood from the tail of
4 positive white rat, became positive.

March 13 1o July 7, 1953 : Negative,

OBSERVATION 7.

Cricetomys 6202,

March 19, 1953 : Inoculated with blood from the tail of a positive white
rat,

March 25 to April 14, 1953 : Positive.

April 15 to May 18, 1953 : Negative ; one sub-inoculation, positive.
May 20 to May 30, 1953 : Positive.

June 10 to August 12, 1953 : Negative ; seven sub-inoculations, negative,

August 13, 1953 ¢ Re-inoculated with one c.c. of blood from the heart of a
positive white mouse,  Cricefomps 6655 {test proof}, injected with one c.c.
of blood from the heart of a positive mouse, became positive,

August 14 to September 20, 1953 : Negative,

September 21, 1953 : Re-inoculated with one cc. of blood from the heart
of a positive mouse. Cricetomys 6655 (test proofl), injected with one c.c. of
biood from the heart of a positive mouse, hecame positive.

September 21, 1953, to January 6, 1954 : Negative.

January 7, 1954 ¢ Re-inoculated with 0:75 c.c. of blood from the heart of a
positive mouse.

Januvary 8 to February 14, 1954 : Negative,
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February 15, 1954 : Re-inoculated with 075 c.c. of hlood from: the heart
of a positive mouse,

February 16 to July 8, 1954 : Negative,

July g, r954: Re-inoculated with one c.c. of blood from the heart of a positive

" white rat. Cricefomys 35 {test proof), injected with one c.c. of biood

from the heart of a pesitive white rat, became positive. Cricefomys 46,
injected with one c.c. of blood from the heart of a positive white rat,
hecame positive.

July g to July 20, 1954 : Negative.

OnservaTION 8.

Cricetomys 5996.—

December 24, 1953 : lIncculated with eight positive salivary glands of
Anopheles dureni.

January 22 to February 17, 1953 ; Pusitive.

February 18 to February 23, 1953 : Negative with one negative and four
positive sub-inoculations.

February 24 to March g, 1953 : Positive.

March 16 1o July 30, 1953 : Negative : 13 negative sub-inoculations.

tuly 31, 1953 : Re-inoculated with one c.c. of blood from the heart of a
positive mouse.

Angust 6 to August 32, 1953 . Positive.

August 13 to August 27, 1953 : Negative ; two negative sub-inoculations,

August 28, 1953 @ Re-inoculated with one c.c. of blood from the heart of a
positive mouse.

August 29 to November 17, 1953 : Negative : five negative sub-inoculations.

November 18, 1954 : Re-inoculated with one c.c. of bleod from the heart
of a positive white rat.

November 1g, 1953 to Januwary 31, 1954 : Negative.

february 1, 1954 : Re-inoculated with one c.c. of blood from the heart of 4
positive white rat.

February 2 to July 8, 1954 : Negative,

July 9, 1954 : Re-inoculated with one c.c. of blood from the heart of a positive
mouse,
Test prool 1 Cricefomys 36, injected with one c.c. of blood from the heart

of a positive white rat, became positive,

Cricelomys 45, injected with one c.c. of blood from the heart
of a positive white rat, became positive.
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OQBSERVATION 4.
Crivetomys 5358.- -

August 5, 1952 : Inoculated with blood from the tail of a positive Thamnomys.

August 21 o October 5, 1952 : Posttive.

October 7, 1952 to January 29, 1953 : Negative ; 10 negative sub-
inoculations.

January 24, 1953 : Re-inoculated with blood from the tail of a positive mouse.

January 24 to February 5, 1953 : Negative,

February 6, 1953 : Re-noculated with blood from the tail of a positive
Thamnemys.

February 7 to February 29, 1g53 @ Negative,

February 24, 1g53 : Re-inoculated with blood from the tail of a positive
mouse.,

February 24 to March 17, 1953 : Negative.

March 18, 1953 : Re-inoculated with blood from the tail of a positive mouse.

March 19 to July 31, 1954 : Negative,

August 1, 1954 : Re-inoculated with one c.c. of blood from the heart of a
positive mouse.

Test proof : Crigetomys 6636, injected with one c.c. of blood from the
heart of a positive mouse, became positive,
August 2 to August 17, 1953 : Negative.
August 18, 1953 : Re-inoculated with 15 c.c. of blood from the heart of
a positive white rat.
Test proof : Cricetomys 66035, injected with two c.c. of blood from the
heart of a positive white rat, hecame positive,
Aungust 1y to October 2, 1953 : Negative.
October 3, 1953 @ Re-inoculated with one c.c. of binod from the heart of 2
positive Cricelomys.
Test prool’ ;. Cricetomys 4, injected with one c.c. of biood from the tail
of a positive Cricetomys, became positive.
January 14 to July 8, 1954 : Negative,
July 7, 1954 : Re-inocaulated with one c.c. of blood from the heart of
positive mouse,

Test prool : Cricetomys 36, injected with one ¢.c. of blood from the
heart of a positive white rat, became positive.
Cricetomys 35, injected with one ¢.c. of blood from the heart
of a positive white rat, became positive,
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(OBSERVATION [O.

Cricetomys 4885.—

July 4, 1952 : Inoculated with 075 ¢.¢. of blood from the heart of a positive
while rat.

July g to August 9, 1952 @ Positive.

August 11 to August 19, 1952 : Negative,
August 20 to August 26, 1952 @ Posttive,
Angust 30 to September 10, 1952 : Negative.
Scptember 15, 1952 : Positive.

September 17, 1952 @ Negative.

September 26 to October 3, 1952 : Positive,

October 5, 1952, to TFebroary 19, 1653 : Negative ; 28 negative
sub-inoculations.

February 20, 1953 ¢ Re-imoculated with blood from the tail of a positive
house.

February 21 to March 1, 1953 : Negative.

March 2, 1953 : Re-inoculated with 075 c.c. of hlood from the heart of
a positive mouse.

March g, 1953 to January 27, 1954 @ Negative ; nine negarive sub-inccula-
tions.

January 28, 1954 ¢ Re-invculated with one c.c. of blood from the heart of
a positive white rat, '
January 28 to July 8, i1g54 : Negative,
July 9, 1954 ¢ Inoculated with one c.c. of bload from the heart of a positive
white rat.
Test proofs : Cricefomys 36, injecied with one c.c. of blood from the
heart of a positive white rat, became positive.,

Cricetomyy 35, injected with one c.c. of blood from the heart
of a positive white rat, became positive.

WHITLE RATS.
(IBSERVATION I,

iVhite raf 888.—
March 2, 1953 : Injected with blood from the tail of a positive white rat,
March 7 to March 13, 1953 : Positive.
March 18 to March 25, 1953 : Negative.
April 2, 1953 : Positive,
April 8 to August 15, 1953 ¢ Negative,
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April 28 and 29, 1053 © Two positive sub-tnoculations.

May 22 to August 15, 1933 : Ninc negative sub-inoculations {two after
treatment with daraprim}j.

July 29, 30 and 31, 1953 : Treated with daraprim.

August 16, 1953 : Injected with 075 c.co of blood from the heart of a
positive mouse.

Test proof : Rat 1375, tnjected with 075 .o of blood from the heart
of a positive mouse, became positive,

Angust 17 to September 2, 1953 : Negative.

September 3, 1953 : Injected with o050 c.c. of blood from the heart of a
positive mouse,

Sepiember 9, 1953 : Positive.
Sepiember 10 to September 23, 1953 @ Negative,

September 24, 1953 @ Injected with 075 c.c. of biood from the heart of a
positive mouse,

Test proof : Rat 1410, injected with o°75 c.c. of blood from the heart
of a positive mouse, became positive,

September 23 to October 2, 1953 @ Negative,
October 9, 1953 : Injected with 0'75 c.c. mixed biood from the heart of
three positive mice.
Test proof © Rat 1440, injected with 0'75 ¢.c. blood, became positive.,
Ociober 4, 1953, to January 8, 1954 : Negative.

January g, 1954 : Injected with 075 c.c. of blood from the heart of a
positive mouse.

Test proof : Rat 1614, injected with 0-75 c.c. of blood, became positive.
January 10 to May 5, 1954 : Negative.

DEBSERVATION 2.

White rat 8g7.---
March 3, 1953 © Inoculated with blood from the tail of a positive white rat.
March 7 to March 18, 1953 . Positive.
March 20, 1953 : One positive sub-inoculation.
March 25 (o April 2, 1954 : Negative.
April 8, rg54 : Positive.
April 15 to August 15, 1953 : Negative with four sub-inoculations {two after
treatment with daraprim}.

August 16, 1953 ¢ Inoculated with 075 c.c. of blood from the heart of a

positive mouse.
Test proofs : White Rat 1,376, injected with 0'75 c.c. of blood from the
heart of a positive mouse, became positive. White rat
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1375, injected with 075 c.c. of blood from the hecart of
a positive mouse, became positive.

August 17 to September 2, 1953 : Negative,

September 3, 1953 : Injected with 075 c.c. of hlood from the heart of a
positive mouse.

September 4, 1953 to March 28, 1954 : Negative,
OBSERVATION 4.
White rat 898.—-
March 3, 1953 - Injected with blood from the tail of a positive white rat.
April 8, 1953 : Positive,
March 3 to August 15, 1953 : Negative with four negative sub-inocalations
{two after treatment with daraprim},

August 16, 1953 * Injected with 075 c.c. of blood from the heart of a positive
mouse,

Test proof © White Rat 1,375, injected with 0°75 c.c. of biood from the
heart of a positive mouse, became positive.

August 16 to September g, 1953 : Negative.

September 3, 1953 : Injected with 0°75 ¢.c. of blood from the heart of a
 positive mouse.

September 3 to December 4, 1953 : Negative.

OBSERVATION 4.

Miuke ral 823,
January 27, 1953 : Injected with blood from the tail of a positive mouse,
Januvary 31 to February 13, rgs3 : Positive.
February 16 to April ¥, 1953 : Negative,
April 1o and 11, 1953 : Positive,
April 14 to April 29, 1953 : Negative but one positive sub-inoculation.
May 4, 1953 : Positive.
May 7 to August 11, 1953 : Negutive with nine negative sub-inoculations
{two after treatment with daraprim),

August 2, 1953 : Injected with 075 c.c. of blood from the heart of a
positive mouse.

September 16 and 18, 1953 : Positive,
September 22 to December 3, 1953: Negative.
Jannary 28, 1954 : Injected with blood from the rail of a positive mouse,

Test proof : White Rat 1,679, injected with blood from the tail of a
mouse, hecame positive,

Januvary 28, to March 3, rg54 : Negative.
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OBSERVATION 3.
White rat 876.—-
February 21, 1953 : Injected with biood from the tail of a positive Praomys.
February 25 to March 18, 1953 : Positive,

March 25 to August 11, 1953 : Negative with three negative sub-inaculations
(two after treatment with daraprim).

Aungust 12 10 December g, 1933 : Negative,
January 28, 1953 : Injected with blood from the tail of a positive mouse.

Test proof : White rat 1,679, injected with blood from the tail of a
positive mouse, became positive.

January 28 to March 3, 1954 : Negative,

Note.—On August 12, 1953, injected with 075 c.c. of blood from the heart
of a positive mouse,

OBSERVATION 6.
White rat 852.-—
February 14, 1953 : injected with blood from the tail of a positive mouse.
February 1g to March 4, 1953 : Positive.
March 11 to March 27, 1953 : Negative with onc positive sub-inocualation.
April 3 to April 20, 1953 : Negative.
April 22 to April 24, 1953 : Positive,
April 27 to June 15, 1953 @ Negative with three positive sub-inoculations.
July 15, 1953 : Positive.
July 23, 1953 : Negative but one positive sub-inoculation.

July 29, 30 and 31, 1953 : Treatment with daraprim, but three positive
sub-inoculations {one each on August 4, 10 and 11, 1953).

August 12, 1953 : Injected with 075 c.c. of biood from the heart of a
positive mouse.

August 13 to September 23, 1953 1 Negative.

September 24, 1953 ¢ Injected with 050 c.c. of blood from the heart of a
positive mouse.

Test proof : Rat 1410, injected with 0750 c.c. of blood from the heart
of a positive mouse, became positive.

September 235 to December 3, 1953 : Negative but four positive
sub-inoculations.
OBSERVATION 7.
White ral g10.-—

March 6, 1953 1 Injected with blood from the tail of a positive white rat.
March 13 o March 25, 1953 : Positive.
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April 2 to April 15, 1953 : Negative with two positive sub-inoculations.
April 21, 1953 : Positive,
April 23 to August 12, 1953 : Negalive with 11 negative sub-inoculations
{two after treatment with daraprim}.
August 53, 1953 : Injected with 0'50 c.c. of blood from the heart of a
positive mouse,
Test proof : White rat 1,362, injected with o'50 c.c. of blood from the
heart of a positive mouse, became positive,
August 17 and 18, 1954 : Positive.
August 519 to November 20, 1953 : Negative but two positive sub-
inoculations.
January 7, 1954 : Injected with 030 c.c. of blood from the heart of a
positive mouse.
Test proof : Blood of a positive mouse injected to cach of the white
rats 1,600, (601, 1,602, 1,602, 1,603, 1,604, 1,605, 1,606,
1,607, 1,608 and 1,609 . Each became positive,

January 7 to April 14, 1954 ¢ Negative.

OsBsErRVATION 8.

Wiite ral 88g.—

March 2, 1953 : Inoculated with blood from the tail of a posttive white rat,

March 7 to April 2, 1953 : Positive.

April 8, rgs4 1 Negative but oue positive sub~inoculation.

April 15 to April 23, 1953 @ Positive.

April 28 to August 15, 1953 : Negative with one positive sub-inocuiation
{April 29, rg54), and ten negative sub-inoculations (two after treatment
with daraprim).

August 16, 1953 : Inoculated with 0°75 c.c. of blood from the heart of a
positive mouse.

Test proofs : White rat 1,370, injected with o°75 c.c. ol Llood trom the
heart of a positive mouse, became positive,
White rat 1,375, injected with o'75 c.c. of blood from
the heart of a positive mouse, became positive,

August 17 to September 12, 1053 @ Negative.

September 13, 1953 : Inoculated with o-75 c.c. of blood from the heart of
a positive mouse.

September 15 to September 23, 14533 @ Negative,

September 24, 1953 7 Injccted with 075 c.c. of blood from the heart of a
positive mouse,
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Test proof ;. White rat 1,410, injected with 0-75 c.c. of blood trom the
heart of a positive mouse, hecame positive,
Sepiember 24 to October 2, 1953 @ Negative.
October 3, 1953 : Injected with 075 c.c. of mixed blood of three positive
mice,
Fest proof : White rat 1,140, injected with 0'75 c.c. mixed blood from
the heart of three positive mice, became positive.
October 4 1w November 26, 1933 : Negative.
January 7, 1054 : Injected with 050 c.c. of blood from the tail of a positive
Cricetomys.
Test proofs : White rats 1600 and 160g, each injected with 050 c.c,
of bload, became positive,
January 7 10 June 21, 1954 : Negative.

OBSERVATION 0.

White Rat 879.
February 23, 1954 : Injected with blood from the tail ot a posttive Thamnronys,
February 27 tw March 4, 1953 1 Positive,
March 11, 1953 : Negative,
March 14, 1953 1 One positive sub-inocuolation.
March 17, 1953 : Positive,
March 8 to March 27, 1953 : Negative,
March 31 o April 3, tg53 1 Positive,
April 7 to August i1, 1953 : Negative.
May 18 to June 2, 1053 : Four negative sub-inoculations.
June 135, 1953 7 One positive sub-inoculation.
July 1o to July 18, 1953 : Five negative sub-inoculations.
Julv 23 to August 1, 1953 : Four positive sub-inoculations (three after
treatment with daraprim).

Aungust 12, 1953 : Injected with 0°50 c.c. of blood from the heart of a positive
mouse.

August 28 to October 15, 1953 : Negative.

October 16, 153 : Tnjected with two c.c. of blood [rom the heart of a
positive white rat.
Test proofs : Rats 1,477 and 1,480, each injected with twe c.c. of blood,

became positive,

October 18 to November 26, 1954 : Negative.

Nole.—August 13 to August 27, 1953 : Negative. On August 28, 1953,
injected with o'50 c.c. of blood from the heart of a positive mouse.,
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ORSERVATION 10,

Hhite vat 1069,

March 30, 1953 @ Injecied with o's0 cc. of hlond from the heart of a
30, 1933 ) 5
positive maouse.

April 4 to April 14, 1953 : Positive.

April 15 to August 11, 1953 @ Negative with seven negative sub-inoculations
ithree after treatment with daraprimi.

August 12, 1953 : Injected with o 55 c.c. of blood from the heart ol a positive
mMOoUse.

ASugust 17 W August 20, 1953 @ Positive.

August 21, 1953 ¢ Died of infection.

131, THAMNOAYS SURDASTER SURDASTIER,

(IBSERVATION 1.

Fhanmomys 3302,

August 22, 105! ¢ Inoculated with bloed from the tail of « positive white
Tat.

August 28 to September 17, 1951 : Positive.
January 2g, 1952 : Inoculated with blood from the tail of a positive mouse,
January 29 to March 13, tg52 : Negative.

(FRSERVATION 2.
Thamnumiys 3442
August 22, 1951 © Inocuiated with blood from the tatl of a positive
Thamnomys.
August 28 to September 1o, 1955 : Positive.

September 11 to January 28, 1952 : Negative with one negative sub-
inaclation.

January 2g, 1952 : Inoculated with blood from the tail of a positive _Elhomys.
{MSERVATION 3.

Fhamuomys 3554,

Scptember 32, 1951 @ [Inoculated with blood fronmt the tad of a poxitive
Thamnomys.

September 17 to September 24, 1951 @ Positive.

Neptember 25, 1951 to January 28, 1952 ¢ Negative with une negative
sub-inoculation.

January 29, 1952 : Incculated with blood from the il of a positive
Thamnomys.

fanuary 30 to March 27, 1952 ¢ Remained negative.
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(OIBSERVATIUN 4.
Thamnomys 4748.

October 8, 1951 : Inovculated with blood from the il of a positive white
rat.

October 15 to October 29, 1931 @ Positive,

January 29, 1952 ¢ Inoculated with blood from the tail ol a positive
white rat.

Januvary 2g to February 26, 1952 @ Negative.

February 2g, 1952 : Died alter anasthesia, accident.

From our experiments on the Cricetomys ansorge, onc could casily observe
that out of ten animals, five had nne attack, four had two, and one had four attacks
before we started re-inoculations.

Before proceeding to re-inoculations, we made sure of the complete dis-
appearance of malarial parasites from the peripheral blood, not only by repeated
microscopic examinations but also by sub-inoculations to the white mouse
ftest apnimal}.

Resistance to re-inoculation was noted as early as 34 days after the first
inoculation and as late as eight months and 23 days after the first inoculation.
It secems probable that in some cases it appears scon after the first attack.

The resistance to P. berghet persists as may be proved by the fallure of the
numerous re-inoculations on the same animal. The number of these successive
inaculations varies from three to nine for each Cricetomys examined.  The shortest
interval between two successive injactions has been seven days and the longest
10 months 26 days.

The course of infection and the acquisition of immunity is the same whether
the Cricefomys has been first injected with sporozoites or with infected blood
imerozoites).  In this last case, it does not matter at alt if the donor was a recent
or 3 more ancient passage.

The successive re-inoculations were always done with merozoites and never
with sporozoites. The quanlity of infected blood injecied was ordinarily massive
(050 c.c. and more), and we may certify that Cricteomys injected for the first time
{test proofs} with so big a quantity of infected blood, always take the infection.

'The resistance was the same whether we used homologous or heterogenous
strains for the re-inoculations ; or whether the donor and the teceiver were from
the sare {Cricefomys) or from a different species {white mouse, white rat, Thamnomys,
Praomys, Aethomys}.

From all these experiments, we may conclude that once the Cricefomys
ansorgei has proved to have no parasites of P. berghei in its peripheral blood
{microscopic examination and sub-inoculation to the white mouse), all tentatives
{even with massive quantity of infected blood) of re-infections fail.  So it seems that
Cricetomys ansorgel acquired a real immunity to P. bergha.

The observations on the white rats showed that one had three attacks, two
had four, and four had three attacks before we proceeded to re-inoculations.
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Out of ten cases studied, cight remained negative in spite of scveral re-
moculations {two to five per animal). For these, on an average, the resistance
appeared five and 2 half months after the first injection.  This delay is superior
1o the longest interval observed between two successive attacks.  As m the case
of Cricétomys ansorgei, the resistance persists and was not broken by changing the
species, of rodent used as denor or by injecting merozoites from a recent or a more
ancient passage of P. berghei, or even by inoculating more and more massive
guantities of mfected blood.

The test proofs, all of which became pasitive, were white rats injected with
the same quantity of infected blood as the re-inoculated animal.

As we have said above, out of the ten cases studicd, two became positive.
One of them made only a short and slight infection (Observation 4}, the other
died of infection {Observation 10).

The resistance does not appear to have the same characteristics as for the
Criceiomys gnsorgei. Not only do we note that one rat {Rat 10) had a fatal attack
after the second inoculation {fonr months after recovery of the first attack) ; but
when the animals showed no more parasites on the microscopic examinations of the
peripheral blood, sub-inoculations to the white mouse were nevertheless positive
i the cases where it was done.

“* Premunition ” would rather be the proper word in this case.

For the Thamnomys surdaster surdaster, each animal showed only one autack
before we proceeded 1o re-inoculations.  These were done from three and 2 half
tv five months after the first infection.  In some cases, re-inoculations were done
after the negativation of the peripheral blood had been controlied by negative
suh-inoculations to the white mouse.

No re-inoculation succeeded and, here also, no influence, neither of the type
of denor nior that of the strain, could be found our.

CONCLUSION.

Considering the observations stated in this work, we may conclude that
the Cricelomys ansorgei, the white rat and the Thamnomys surdasier surdaster, after
being once mfected with P. berghei. develop a resistance to this parasite.
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PATHOLOGICAL AND IMMUNOLOGICAIL HOST-PARASITE
RELATIONSHIPS BETWEEN ALBINO RAT AND
PLASMODIUM BERGHEL

BY
AUGUSTO CORRADETTI,
FELICE VEROLINI
AND
GIOVANNY TOSCHY.
(Superior Institute nf Health, Roma, [ftalv.)
December 33, 1954,

"T'His paper summarizes the results of the investigations on the subject carried
oul from 1949 to 1954 by the senior author in collaboration partially with Verolini
resecarch on the specific cells involved in the erythrocyte series, and on serum
proteins) and with Toschi (investigations on serum proteins). The details of the
experiments and full description of the techniques can be found in our previous
papers published in Italian and referred to in the * REFERENCES ' at the end
of this paper.

Qur investigations dealt with the following aspects ;-

:a} Mode of action of Plasmedium berghei and changes in the host during the
primary attack.

6} Immunological behaviour of the host after the primary attack, effect of
superinfection and splenectomy,

{4y MODE OF ACTTON OF PLASMODIUM BERGHEI AND CHANGES
IN THE HOST DURING THE PRIMARY ATTACK.

1. Mode of attack of Plasmodium berghei and its relationship to cells of the
erythrocyle series during the course of primary atiack.— The blood of the albine rat shows,
under physiological conditions, red cells of mature type only {or at least these cells
are far the most prevalent in number). Mature red cells have mature acidophilic

{3913
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hamoglobin and appear pale-red when stained by Romanowsky or Giemsa statn.
Only a moderate degree of anisocytosis is seen.  The mature red cell has a diameter
ranging from 4°38 to g'13 microns.

In anaemic conditions, the blood of the albino rat shows a number of red
cells characterized by more or less a basophilic cytoplasm {at least non-acidophitic)
and by their diameter ranging from €3 to 133 microns. Somec of these
hasophilic cells occasionally show a reticulum and eveo nuclear residues. Tt
would appear that maturation of hiemoglobin {from basophilic o acidophilic} is
really independent of the disappearance of nuclear and reticular substances. In
fact, it is not uncommon to observe markedly basophilic red cells with no nuciear
ar reticular substances as well as acidophilic red cells still showing both.

In highly an®mic conditions, red cells with non-acidophilic cytoplasm are
tar the most common in the bloed ; basophilic erythroblasts begin to appear
it the peripheral blood under such conditions.

We studied the relationship between the parasite and the above described
three types of host erythrocytes {acidophilic and basophilic erythrocytes, and
hasophilic erythroblasts) in nine rats infected with Plasmodium berghei.  The blood
was examined every day beginning from the first appearance of parasites tilt death
of the animal or the end of primary attack occurred. At least 1,000 cells of the
erythrocyte serics were observed every day in each rat, and classified 25 helonging
to one of the three types. Parasitized cells of each type were enummcrated and
their percentage to non-parasitized cells of similar type was calculated.

Analysis of the data showed the following facts —-

During the primary attack, there is a progressive decrcase of the acidophilic
red cells with a corresponding progressive increase of non-acidophilic cells.
Rasophilic erythroblasts appear during the advanced stages of the infection,  This
process, in lethal cases, is absolutely progressive until death occurs.  In rats which
survive, the process is continuously progressive up to a maximum corresponding
to the days during which the parasitic crisis occurs.  After the crisis, a reversion
of the process occurs with a progressive increase of acidophilic cells and a corres-
ponding decrease of non-acidophilic cells and disappearance of basophilic erythro-
blasts, until finally the hamatological pieture reverts to normal {in six to ten days},

From the beginning of infection, the parasites show an evident tendency to
develop inside non-acidophilic red cells. In fact, the percentage of parasitized
non-acidophilic erythrocytes to non-parasitized non-acidophilic cells, is very high
at any moment or the infection, reaching often almost 100 per cent. On the other
hand, the percentage of parasitized to non-parasitized acidophilic cells reaches, at
rhe most, 11 per cent and is gencrally much below this Himit.

At the commencement of the infection, the blcod shows none or little
depareure from the normal physiological picture.  The erythrocytes arc all of the
acidophilic type, and the parasites, still low in number, are found in this type of
vells.  As the infection becomes more intense in the days following, the destruction
of red cells acts as a stimulus for the vutput of non-acidophilic red cells, and later
basophilic crythroblasts.  As the non-acidophilic erythrocytes increase in number,
the parasites which have a marked affimity to these cells, also increase in number
and reach a very high density,  The infection at its peak may cease with the death
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ot the host ov with a parasitic crtsis. Death oceurs generally with 2 maximum of
parasite invasion, with a very low percentage of acidophilic ervihrocytes, and
with a very high percentage of non-acidophilic erythrocytes and basophilic
ervthroblasts.  The parasitic crisis Is characterized by a progressive decrease of
the number of parasites till their disappearance in one to three days; during this
tim: the percentage of acidophilic red cells varies around the minimum, and the
percentage of non-acidophilic ved cells varies around the maximum reached at
the peak of the infection.  As the parasitic crisis ends, and the parasites disappeas,
the percentage of acidophilic red cells starts to become continuously higher, with
a correspording diminution of the non-acidophilic red cells.  In about six to ten
davs, the blood shows again its normal picture.

‘The results showed that the non-acidophitic ervihrocytes constitute the
preferred pabulum of parasites, The multiplication of parasites appears to be highly
favoured by the host response which results in a great number of non-acidophilic
vells in the peripheral circolation.

2. Behaviour of serum proteins during the primary allack.--We studied the
behaviowr of serum proteins during the primary attuck by electrophoretic {filter
paper) method. The experiments were made on (8 rats infected with Plasmodium
bergher (divided into four groups), and on cight rats inoculated with normal non-
infected blood {control group). The rats of each group were examined by
electrophoresis before ineculation, and at diflerent moments of the primary attack.
‘Total nitrogen content of the blood was also determined in one group each of
the infected and control animals.  The course of the infection was tollowed daily
and found to be similar in all the animals,

‘The variations of the electrophoretic picture of the serum were substantially
identical in animals of the four experimental groups. In all of them, an increase
of percentage of ¢-globulins was obscrved between the twelfth and sixteenth day
from inoculation. This increase was pot high but was found to be highly signi-
ficant on statistical apalysis {P <001}, In animals of three out of the four
experimental groups, a decrease of «-globulins was found to occur on the same
days (in two out of the three experiments the decrease began on the sixth day
from inoculation}. No significant variations of the total X were observed. The
rats of the control group showed no variations. The results of the investigation
showed that a significant increase of y-globulins corresponds to the usual period
of parasitic crisis {twelfth to sixteenth day of moculation).

By IMMUNOLOGICAL BEHAVIOUR OF THE HOST AFTER THE
PRIMARY ATTACK ; EFFECYT OF SUPERINFECTION AXD
SPLENECTOMY.

It was shown in our previous studies that rats which survive the primary
attack show a vapid total disappearance of Plasmodium berghei from their body.
Blood examinations made daily up te a maximum period of 205 days after the end
of primary parasitemia were negative in 20 out of 24 rats. A total of six parasites
were detected in the blood films of the four remaining rats, and all of them were
found within the first 50 days from the end of primary attack.
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The disappearance of parasites is a resull of real destruction as demoustrated
by hoth splenectomy and sub-inoculation of the blood of experimental animals,
Fiftecn rats were splenectomized at different times after the end of primary attack,
and none of them showed a relapse. Included in these 15 rats, there were four
rats which were splenectomized hefore the fifteenth day {12, 16, 28 and 45 days)
from the end of primary patent parasitemia. On the other hand, sub-inoculation
of blood, from a rat three days after the recovery from the primary attack, into
two fresh rats was negative. Conseguently, the destruction of the last Plasmodium
berghet in the body may take place any time from the parasitic crisis to about 50
days thereafter,

Eleven rats which had recovered from infection were not splenectomized.
They were re-inoculated with the same strain of parasites between 67 and 205 days
after the end of the primary attack. The result was negative in seven rats ; in
the other four a few parasites were detectable in the bloed for three to five days
after re-inoculation, and later on disappeared. This behaviour demonstrates the
persistence of immunity to the homologous strain in the absence of parasitcs ; this
immunity was observed to be manifest even when challenged by re-inoculation
after 166, 170 and 205 days after the end of primary attack.

Three rats were splenectomized an 79, 1og and 111th day, respectively, after
recovery, from the primary attack. They did not show a relapse. Twenty-one
to twenty-three days after splencctomy, they were re-inoculated with the same
sirain with positive results. Two of them showed parasites in their blood constantly
for a period of 220 and 235 days, respectively.  The third rat had a re-infection
which lasted for four weeks, the parasites being detected during the following
ien weeks.  These experiments demonstrate that Immunity 1o re-inoculation
is largely due to the spleen, as, in the absence of this crgan, the re-inoculated
varasites casily multiply in the body of the host, and result in a prolonged
chronic infection. Nevertheless, immuntty following recovery from the first infec-
tion is mfficient to prevent death from re-infection even in the absence of the spleen
and sometimes is able to destroy the second infection,

The main result of these experiments is the demonstration that after the
recovery from the primary attack of Plasmodium berghei, a state of imiunity withont
parasites is established in the rat. Such a state was shown to be sufficient to
prevent re-infection for at least 205 days after the primary attack.  This immunity
has nothing in common with premunition, in which parasites in the body of the
host, at Jeast in small numbers, are ahways present. 1t is to be considered as troe
timmumity the occurrence of which was practically unknown in protozeal infections.
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OBRI'TUARY
IR, A, Senor Wharte.

Fr 15 with profound regret that we have to announce the death on October
30, 1954, of Mr. R, A. Senior White, ai $t, Augustine, Trinidad.

Mr. Senior White began his career as o malarial entomologist in u tea estate
in Ueylon and came to India as an entomologist in the Indian Agricultural Research
Lostine, He was for three vears at the Malaria Institute of India and was later
Malariologist, old Bengal-Nagpur Ratbway. He was abso Malaria Adviser 1o the
Indian Ratlway. After retirement, he became EBntomologist in the Malaria
Division, Trinidad, which post he hcld to the last

While with the Bengal-Nagpur Railway, he controlled malaria in a locality
where the construction of the vailway was held up for 40 years by mosquitoes
unhike Liganda Railway where the delay was due 1o man~caters,

He published a numberof papers both of agricuitural and medical importance.
fie was the joint author of “ Parasitology of world malaria™. His work on applied
research on malaria control during the World War II faciltiated the war efforts
on the Burma front.  He also organized malaria control in Korea Coalfields undes
the auspices of the Coalmines Welfare Fund. He very usefully served on the
commitiee convened by the Government of India to consider the measures to be
saken to prevent the creation of conditions favourable to the spread of malaria
during the construction of roads and raliways.

His ptoneer work on the subject under most wrying conditions will remamn
a lwdmark in the history of malaria rvesearch and contral in India, and his
valuable contributions will serve as a guide and source of inspiration to the future
malariclogists.  His memoir on the bionorics of Adnopheles aguasalis, a malaria
veetor of primary importance n Trinidad, is a monumental contribution.

He used to take active part in the deliberations of the Malaria Advisory
Jjommiitee of the Scientific Advisory Board of the Indian Council of Medical
Rescarch.

He was an Honorary Fellow ol the National Society of Indi for Malaria
and other Mosquito-borne Diseases.  Members of the Society at their general
meeting held at Baroda on Novembher 26, 1954, observed twa minufes silence in
his memory.

We convey owr great admiratiovn and deep sympathy to the bercaved family,
his colfeagues and friends.

J.8.
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HOUbEPLIE'S see 13L.D.T., 2 .

TMMUNITY, natural i smmumtv of domestic pigwm ;
(’o!umba tivia Gmelin} 1o experimentat infections |
with P. gallinaceum, 117 ; experimental stady on |
ihe immunology of malaria due wo P berghei, |
333 ; imununclogy of Plasnodium berghei, 347 ;
investigations on immunity 1o P berghei infec- |
tion in mice, 383; the absence of crass-immunity
between P, bzrgﬁea {Vincke and Lips) and
P. vincket {Rodhain), 3(59; some obscrvations
ahout immunity to P, berghei, 375,

INSECTICIDES, the relationship hetween  the l
physical state of certain chlorinated insccticides |
1o their biological effectivencss when applied

| PLASMODILAM  KNOWLESI,

CRAY, see Plasmodim herahei, 281, 207, 327,

J’ \9{5# +

SUBJECTS

o sebd and ver sorlaces, 255 see VDT
b5 683 wing grade composition as an index
for judging the eHfectiveness of residual toxicity
of insecticide deposits, 147 ; a simple hmfogx(al
method of testing the woxicrty of residual, 229

VLARVICIDE, see Culex fatipans, 33,

LEME, see D.DUT, 63

LIVER, enlargvmrm during  acuie
simian malaria, 203,

MALARIA, see ammhaquin icamoquing, 71 ; need
for a fresh approach on redapse mechanism i,
197 5 see liver, 203 7 see Bhui, Kutch Staw,
215 ; see antimalariads, 2Y9 5 see Plavwodinm
beruhei, 327

MIC E, see Plasmodive erghed,

Fig,
MO")(JTITO see DIV,

MY hORI‘ STATE, see Anuphueles, 43, 47,

NIVAQUIN, see antimalurals, 219,

NUTRITION, see Plasmodium berghei, 327,

PLGEQNS, see immunity, [17,

PLASMODIM BERGHE! sindies on, 8, 83, %9,
97, W, 31 5 the hlsmr} ol discovery of, 241 ;
natural listory of, 243 ; experimental transmis-

infection in

290 : see dmmunity,

29 : see Plasmodinm berphet,

sion of, 287 1 transmission  of, 263 ; and
chemotherapy, 2753 : some physiological and

pathological processes in P, berghel infections in
wltite rats, 251 : on some problers arising from
the observaon of the infecuion with P berghei
in mice and rats, 2H ; preliminary observations
nn estrogen in, 3§ some host parasite refa-
tionships in, 313 ; walaria and nutrition with
special reference to P berghet infocsions in rats,
W37 3 pathological and immupological host-
parasite relationslips hetween alhbino rat and
P. ;&ng}m‘, I 5 see mmrunity, 333, 347, 343,
369, 375,
PLANMODIUM QYNOMOLGE,
04

see  andimalarials,

studies on  Nuri
strain of, Faa, H6Ea, 187,

PLASM’()DIUM GALLINACEUAS, see anumalarials,

137 5 see wmunumity, 1175,

PR!M:\QUINE, see antinalarials, !

PYRIMETHAMINE, see antimalarials, 12 ’;;

30%.

RATTUS RATTLS, sez Pelhi Municipal Area, 115,

RELAPSE, see malaria, 197,

RESOCHIN, z2¢ antimalarials, 219,

SYMPOSIUM, se¢ Plasmodium besghei, 237.

J

-

. TECGHNIQUE, see insccticicles, 147, 228,

TREATMENT, ser amuquum (camoqum) > 115 see
antimalarials, 127, 143.
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