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A*n Ultrastructural Study on the § sporogany of Plasmodium

vivax in Anopheles stephensi

NUTAN NANDAL C.M.5. DASS: s V.F. SHARMA!

The precent stody was carried out toinvestigate the ultrastructural features of the suceessive stages involved
in sporozoite formation from the solid oncyst in Case of P vhvax. Appermance of vacooles just beneath the
oocyst capsile marks the beginning of wporohiast megrepation. From the sporoblast cytoplasm the
spororoites 2re Ludded off in & manner similar 10 merozoite formation. The budding sporozoites show
rudiments of the peiliculss components and apieal complex. Further development is accompanied by the
migration of nuclezr meterial from the aporoblest 1o the rporomrle After dehiscence of the nocyst, the free
tporoxoites are released into the hnemocostomic flwid and they invade the acins! cells of the salivary glands
and matyre intn infective forms. The developmental sequence observed is compared with that of ather

mammalian #nd svian malaria parasites.

MTRODUCTION

Plabmodium vivax crusing the benign tertian
melaria in man is the most prevalent species in
the Indian subeontinent. It is known to be trans-
mitied from one vertebrate host to another by
- sevéral species of anophefine mosquitoes. In the
- stothach of the insect vector, only the gameto-
cytes curvive and al) ather steges of schizogony
taken along with the blond men) are digested
away. The gametocytes, male and female, pro-
duce the gametes which fuse to form the zygote
cell,) which as ookinetc actively penctrates
through the stomach wall snd forms oocyst. The
oocyst enlarges gradually and through a series of

Accepted for publication: 23 January 1985.
IMalsria Research Centre (ICMR)
29-Skam Nath Marg, Delhi=110054, Indis.
iDepdriment of Zoology

Univeisity of Delhi. Dethi- 110007, lnﬂia

complex changes, results in the formation of a
iarge number of sporazites. The sporozoites
eventually become free and emerge into the hae-
mocoelomic cavity and finally invade the acmal
¢clls of the salivary plands.

Ultrastructural changes during the formation of
sporazoites have been studied in various species
of malaria parasites viz., P. berghei (Vanderberg
and Rhodin, 1967; Vanderberg ef al,, 1967), P
gallinaceurn (Terzakis- et al., 1966, 1967, P.
cathemerium (Duncan ef gl., 1968). Among the

less studied forms are the primate parasites, P.

eynomolgi (Terzakis, 1971) and parasites of man
P. faiciparum (Sinden and Strong, 1978). There
are many descriptions of the fine structure of the
sporozoites from the salivary glands of many
plasmodial species including P. gallinaceum
(Garnham et al.. 1960), P. falciparum (Garham
et'al., 1961}, P. brasilianum, P.c. bastianellii, P,
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ovale and P. vivax (Garnham er al., 1963), P.

‘cathemerium and P, relictum (Stebbens and.

Schmidt, 196%), P. berghei nigeriensis, P.vinkei
chabaudi and P. cynomolgi (Sinden and Garn-
ham, 1973). However, the mechanism of inva-
sion of host cells by sporozoites and the details of
the host cell-parasite interactions remein to be
clarified. Thus it appears that, except for the
studies on P, falciparum there has been little
work on the development of human malaria par-
asites in their natural insect vectors. In the pres-
ent study we have traced the sporogonic
development of P, vivax at ultrastructural level,

MATEPIAL AN METHODS

Anopheles stephensi (Liston) mosquitoes were
fed on the blaod of patients showing high P
vivax gametocytaemia (1-1.5%). The mosqui-
toes were maintained in a clnsed insectaryat 282
1°C and B .H. 60-807;. At different time intervals
after the blood meal, mid gute or <alivary glands
of the mosquitoes were dissected into the ice cold
fixative, 3% ghutaraldehyde in 0.2M cacodylate
buffer (pH 7.4). Guts with oonysts or salivary
glands with sporozaoite infection were then trans-
ferred to a large vohime of fixative at 4°C., The
specimens were post-fized in 2% osmium
tetraoxide in 0.2M cacodylate buffer and dehy-
drated in an ethanol-propylene oxide series
before being embrdded in Epon-araldite
medium, Sections were cul with Porter-Blum
MT-2 yltramicrotome, mounted on formvar
carbnn covered 200 mesh copper grids, stained
with saturated alcoholic solution of uranyl ace-
tate (BDH) and sivaline lead citrate (Peynolds,
19633 and examined at £0 K.V in Siemens Elmis-
kop IA. For scanning electron microscopy of the
oocysts, the midguts of the infected mosquitoes
were fixed in 3% glinaralehyde in 0.2M cacody-

jate buffer (pH 7.4), post osmified in 2% osmium

tetraoxide in 0.2M cacodylate buffer and dehy-
drated in an ethanol series, then into S0/50 viv
absolute alcohol/amyl acetate and into 100%
amyl acetate. It was finally critical — pnint dried
in liquid CO.. Dried specimens were coated with

silver and scanned in Philips EM-501 atr.rc'ascan.

scanning electron microscope.

PESULTS

The solid and vacuolated forms of ooryst: In the

solid form of oneyst, the capsule is in contact

with the bassl laming of the mosquito midgut

epithelium. Its external surface is smooth, how-

ever, on the internal surface, the capsule materiai

often invaginates deeply int6 the oocyst cyto:

plasm (Fg. 1). Muclei in the solid cocyst are

randomly dispersed, They are roughly ovai or.
irregular palygnns in ehape (Fig. 1). Within the.
nucleus, heterockromatin and euchromatin as.
such are nat eagily distinpuiched. Therc are

prominent, dense roughly circular areascontain-

ing granvles present in the nuclei (Fig. ).

Appearance of vacuoles in the cocyst marksthe -
beginning of sporoblast segregation (Fig. 2). It

seems that these vacuoles become large, cozlesee

and form large clefis subdividing the oocyst cyto-

plasm into sporoblasts. '

Sporoblast and sporozaite formation: After cleft
formation in solid coryst, broad peninsulze of
spornhlast cytoplasm can be seen. The nuclei,
previonsly randomly distributed, now occupy
peripheral position just below the sporoblast.
plasma membrane (Fig. 3). The central partinn .
of the spatobiast is occupied by free ribosomes
and small dense granules.

From the sporoblast cytoplasm, sporozoites are
budded off in a_manner similar to merozaoite
formation. As the hudding sparazoite hegins to -
bulge away from the sporohiast cytoplasm, the
rudiments of the pellicular compiex are visible:
(Fig. 4). At this stage, precursor of apical com-
plex of the sporozoite can also be seen (Fig. 4).
Degenerative constitnents outside the sporoblast
and the capsular irvaginations indicate that the
sporozoite formed by budding from the sporo-
blasts are bathed in this enriched medium and
may serve as a nutrient source for the further
development of sporozoites (Fig. 4). The pucleus
migrates from the sporoblast into the budding
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gotedterr b T 1o oL B andle T st ieeion®
wielear matenal 5w 3¢ ‘orm of denge chro-
catia. The nucleus ~omorms ‘o the clongate
sape of the sperczoite tid is guite slender as
wmparad to its previons fonn in the sporoblast
Hig. 5). Fig. §, 7 and 2 show the advanced stages
) sporogony in the nooyst. {A centrally located
. sidual hody and cempletely formed sporozo-
=8 wwrroumting it cen be seen in these figures).

T ivifig SECIFON Microscope studiee show that
e mature aocysts zre spherical in shape and
~ey have smootk surface texture (Fig. 9)
Jucyaty from which the sporozoites are jiber-
+.+d, ave irregular in shape and their surfaces
~ayw several folds (Fag, 10} Museularure of the
wdput 18 wel progerved 1o these preparations
o) apnears as circuiar bands of cells bulging
yum the surfzee (Fig ‘01 The tracheal system
\ypears very prominent and its branches can be
«en sround the oocyst {Fig. 10).

Jraraaaites from marture oocysts and salivary
-wands: Spotozoites abained from nocystsenthe

otk day after feedisg show complete differ-
Lciation of subpellieciac organeiles, Tlectron-
icrographs (Figs. 1% o !$) show sectivas of
ully formed sporoasies ar vanous phnes. Al
.us time these is very lithe of sporoblast evta-
waem (Figs. 18 & 12}, The structural organiza-
100 of the sporozoite can be reconstrucied from
these slectronmicrographs.

ady Tarimed sporazoites within the mature
-auyst, are surrounded By a pellicle of twe mem-
Lanes and a row ol subpeilicular microlubules
Figs. 1t 14 £ 15} % chin fibrillar coat sur-
wufds the owmer membrane of the martore spo-
s20ite (Figs. !4 & [35). A1 this scage, the bipolar
+ ganization of the sporozoites s very clear. The
-runcated anterior end is demarcated by polar
wngs (Fig. 12}, Electron dznse rhoptries and mi-
wonemes are not only present in the anterior
.arlion of the sporozoite but they extenid to the
‘wid-segion {Figs. 11 & 12). At the anterior por-
-on of these rhoptries. a slender exiension or
suciule leads to the region of coneid {(Figs.f1 &

b Vhe noyewts Lo s Jarger dmd dhieie dre
HUTE BICTONemeEs in the SpOrozoites as com-
aared (o those in merozoites (Aikawa, 1977).
Free ribosomes and granular endoplasmic retic-
ulum are also present in the mature sperozoites.
A structure that could be identified as typical
protozoan mitochondria s not seen in these
motile forms, A large elongated nucleus is pras-
en! in the middie partion of the sporozoite { Figs.
XN

After dehiscence of the cocyst, the {ree sporozo-
iles are released into the haemocoelomic fluid
and they concentrate in the salivary glands.
Firstly they pass through the basal lamina of the
safivary gland and later they invade the mem-
brane lined vacuoies in the secretory cells (Figs.
16, 17 & 19). Their invasion is associsted with the
invagination of the membrane lining these
vacuoles (Figs. 16 & 17), The sporozoites in these
vacuoles are separated from the proteolytic
secretion of the vacuoles by 8 definite space sim-
#lar to thal found in the parasitophorous vacuole
surrounding the erythrocytic forms {Fig. 17).
The sporozoifes may be found in the intracettular
spaces separating these vacuoles (Fig. 18). in
case of heavy infection they are also lodged inthe
peripheral portson of the salivary gland lobes
{Fig. 200. Then they penetrate further into the
salivary gland lumen and appear in the ramifica~
tions of the salivary duct and are injected into the
hlaod of man when the mosquito hites.

The basic straciural organization of the sporozo-
ite in the salivary gland is similar 10 that of 2
mature spojorotte in the oncyst. The pellicle of
these motite frms it composed of an ouvter and
two closelyassociated inner membranes (Figs. 21
Lo 23). it appears more prominent as compared
to that of sporozoites in the oncyst, Inside the
peilicle run the hollow peripheral fibrils,
arranged asymmetncally around the circumfer-
snee of the sporozoite, and possibly extending
from one extremity to the other (Figs. 21 & 22},
The pellicie 13 broken at one point anterior to the
nucicus by the micropore. At this point the pelli-
cle dips at a right angie inio the inferior, its two
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Lty vt egsapy -F the smia form of cocyst of P, vivax showing capsule {C) with

-
nvaginstions (U L randomly distribated oncled (V). [ 28,0001

apibs .

2: Electronmicrograph showing subcapsular vaeuolization (V) i rhe oocyst. [ = 20.0001

CH
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g, 1 Lleciranmicragraph showing part of the spn oblast (S, 1he nucler (N} previousiy
atomly distributed. pow occupy  pesipheral position just erneath the sporabiast
Lwana membrane (PMY {0 20,0000

iy
*

:113). Sporozaite palficte

Etectropmcrogranh showing thi ansdl ) spost s IR

',‘,H_ Fe
re-s of nmclen s e

3 precursor for apieal sumplex {A0) ard b ing srial ™3 can be noted in

i

SLarnp spaynzeite, x VAL
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INLNAM

ap. 2 Hlectronmicrograph showmg sporozcites (8) attached to the residual sporohlasi {# 581
<< this stage, precursor for apical complex ( AC). the elongated nucleus (V) and few vacunles 1Y)
an e seen in the sporozoites. [ » 20,000}

“tp. i: Hiectronmicrograph showing part of sporoblast (SB) and the numerons completely
ormed sporaseites (S). [ > 14,000}



oy

wivigr, fhere s a
cuteally docated residugt bodv (RS amf compinele farmed parainite, (53 are rresert all
ekl e P RN

Gig. 8 Section of mature ancyst of 2 vivex. The sporareits (3) formation is almost complete.
= 40007
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“ig. 9. Scanning eleciropmicrograph of malure 00Cys! (MOYof P sévay shawing spherical shape
«ith smeoth surface texture.[¥ed 207]

S 0 oeyst of Povivax from wibich tie sporozoites tave been liberaied, appaers rogpnins in
ape with severa! falds (F) on ite surface. Musculsture (M) of the midpnt and fracheal supply (T}
wiound goeyst can be sean, [read 200,
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4. 71 Longitudinal sections of the sparozoite showing bipolat organization, The anterior
“ngian Years thoperies (R} and micrenemes (MH)and the pasterior partion containg anclongated
wctene (M), The two layered pellicle (OM, TM} of the spororoite is clearly visible. { »70.000L

o sl G

Fak 2k, T ITER w._ i X ,,,% R b Al gr : T A

“ip. F2: Sporazoites showing truncated anterior end demarcated by polar ring (PR}, Electron
sense ehoptries (P) with their ducts {1 kiading 1o conoid can he secn. 20,0001

Fig. 13: Longitadinal and transverse sectiang of the sparozaites prssing thraugh the nuelens (M)
£ laver of microtubules (MT) benesth the pellicle (P) ie visitile in some srctions. | r 20,0901
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Fip. 14- Lonpitedingl saction of the anterior tegian of the sparozsite showing a fibrillar surfser
cont {807} on its pellicte {P) and rhaptries (R} ot in section. [=26,063].

Fig. 15; Tangential sectinne of the sporozoites through anterior regine shawing a layer éf
microtubules (MT) beneath the pellicle (P} Electron dense thoptries (B and micronemes {MN}
can alse be seen. 40,0001
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Figs. I and I7;: Elrctronmicropraph showing spofozoites (S} invading the membrane lined
secretory vecuoles {SV) of the seinal cells through resulting mvaginations. [ » 20,0043,

Fip. 18: Electronmicropraph showing sporozeiies (8} in the intracellnlar space separating the
secretory vacuales (SV). [ »20,000]
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Fig. I9: Elecironmicrepraph shawing larpe number of gporazoites () in the secretory vacuole (SV)
of acinnt eedl. [ 9,200]. '

“Fip. 30; Part.of ancinfeéied selivary gland lobz showing Jonpitudina) and transverse sections of
the sporazoites (S) and host cell nuclei (HCN}, [#ra9,500].
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Fi. 21: Longitadine) section-of the pporozoite in the salivary gland showing outer and inner
membranes of the pellick (), peripheral fibrils (PF), numerous micranemes (MN) and 2 isrpe
wuckens (N}, [ > 50.000).

Fig. 22: 1angitudine] section of the ﬁmerinr region of sparozoite showing pellicie (7, peripheral
fibrile (PF) and predomicater of micranemet (M), { > neE50000,

Fig. 23: Cross section of the saterior region of the sporozaite showing membranes (OM, 1M)of
the pallicks and micronemes (RN [ x ~ 80,0001

Fig. 24: Part of the lonpitudinel section of the sporozoite showing wicropore (MP) and
misronemes {}NY. [ » 70,000}, ’

Py, 25; Lonpituding] section of the snoraroite in the salivary piand showing micropore (MP),
numerons micronemes (M), rmnsnlc of rhaprives (R) and & nocleus (N). T »30,0007.

Fig. 25: Lomgitudinal scclions of (he sporozoites in the salivary gland showing prominent
beckwardly directed our-packeting (0P} of the peflicle. { = 34,0003,



A INDSAN I MALARIOL, VOL. 22 JUME 1922

depze wyos hckerpng 1o form a stout wall 1o
‘orm the mictopare. In the longitudinal sections,
the micropnre shows a smoofh oval or circular
cantonr (Figs, 24 & 25,

Phopiries show further signs of marphegeness
after the release of spornzoites from the aocyst.
Wwithin the oncyst the sporazoitec have promi-
nens, well defined rhoptries extending o the mid
sertion, and few micronemes, whereas 1n the
salivary pland forms the micronemes predomny-
azte and the rhopiries are less apparent suggest-
ing their role in the invasion of acinal cells (Figs.
31, 22 & 35). The electran dense micronemes
though maore numerous in {ront of the nucleus,
alzo exist posterioriy (Fig. 21). The nucleus hasa
pranular structure and it almost filis the who'e
width of the sporozoite (Fig. 21). A prominent
out-porketing of the pelticle, some times back-
wa rdly directed. s seen near the middle portion,
@ some of the sparozoites (Figs. 25 & 26). This
nyf-piocketing is filled with rhe granular cyto-
piasm and appears different from the blebbing of
the auter membrane as notwced in same degener-
ating sporozoites of P. vinkei chabaudi (Sinden
and Gamham, 1973}

THEOUESIGE

i cace of heasy miccuons the number and-ize of
aocysts vary widely. The variation is assumed to
result from competition for limited supply of
sutrients. The cacysts deeply embedded in the
put wall developed more slowly than those adja-
pent to the haemocoele confirming the observa-
rians of Vanderberg er gl (1967) and Rafort
(1371} in case of rodent malaria parasites. Such
differentiai develapment mey give rise 19 sepa-
e Droade of sporozoites as also suggested by
Tafort (1971, Hawever. aceording to Sindzn
amd Ttroaapg (H978), such competition Gocs nnt
~ugult in the nocysts differing in their rates of
matvratior. in case nl P faleiparum.

&z the socyst grows the cyst walligstretened and
hecnmes thinner due to marked increase in the
visinme of oncyst which is not aceompanied hy

significant wall synthasis, Sporcblas formaton
within the oocyst seems tn increase the avasiable
curface area of the parasite and facilitates the
uptake of metabnlites. The mitoticactivity of the
nucleys which begins in the oa¥inete, acceieraing
rapidly and rhe nucleus becomes large Wit~
iobed structure and finally gives rise 10 large
number of nuclei. This change in the sucieus
aceuts due to several fold increase in the quanity
of NINA because of replication. After DINA syi-
thesis the puclear maiceial segregates infoa lare
number of nuclei presumabty with haplnsd DHA
sontent. From the sporoblast cytoplasm, spora-
zoites are budded off in 2 manner sirailar to
merozoite formation in erythrocytic and exoery-
throcytic phases of majariz infections (Ajkawa,
1977). After the migration of nuclel from {he
sporoblagt to the budding sporozaites, the pre-
cursar for apical complex fives rise (o elongatad
rhoptries vhick become ciectron denseafter mesu-
ration.

Dring the differentiation of rho sporozoiies.
from the time they are budded off from the spo-
rohlasts, several structures viz, polar rings,
microtitbules, rhoptries etc. are formed and their
distribution imparts a definite polarity to the
sporozoites. The question is at what poini ot time
these structures are synthesized and assembied.
I+ is possible that as a part of the antivity of the
ookinete, the sporablast cytoplasm synibesizes
the marromoaleciles fo be assembled w the mpo-
rozoite or stable messages are synthesized and
are passed on along with the cytoplasm into the
sporazoites, or that bath frapscription and trans-
lation takes place in the sporozoite. The last
possibility wonld mean that the sporozoite
nuclens would beceme transcriptionally active.
This has to he established experimantally,

Another interesting aspect 2 the manner in
which sporozoites released into the haemoiymrnh
of the mosquito by dehiscence »f the ancyst,
make their way into the lumen of the saiivary
gland. The meachanism ol paneiration would be
assaciated with the occurninee of speeific recep-
tors on the surface of the sporozoites for host cell
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2t the rhoptries, producing a proteolytic enryme

to facilitate the spornzoites penetratinn of the
hast cell. This & evident from the ohservations
that in salivary glands, sporozoites have mare
micranemes and the rivoptries are Ines apparent.
Thie conid mesnlt from the expulsion of material
‘o the rhopivies during their penetration ofthe
walivary glands. i virroexperiments are planned
fo trace the interaction of released spornzoites
with the salivary glands cells.
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sitected during Teoruary-March, 19824 from nine Talukas of Kutch (Crugararn Anopheles aconitus, 4
apererms, A, prdeherrimus and A spndaicns were collected for the st time from (his region. The
nevionsly recordsd species Amophieles Harbirosiris was pot (ound,

BT TR F TS

Cuich 15 ane of the disvices i0TMag pare 3 ine
northwest region of Gujarat state. [t is hound on
1he north and northwest by Rajasthan, on the
+agl by Banaskantha and Mehsana districts, on
e sonuth by the Guil of Futch and on the west
and sonthwest by the Arabian Sed. TheBannof
¥oelt i a sall desert cuvering an area of abowt
14499 Fin. The Great Rans which 1e situated (o
e niorth spans ahowt 258 1m from east (o west
and 12¢ ¥m {rom northto south. The Little Rann
lies to the cast and measures about 129 km from
east to west and 16-64 Fm from north to south.
The whaole district is barren. The phyeical tefrain
i Kuteh varfes considerably: Bhuj Taluka, the
headquarters of Kateh represems the central
mountainouy  rgrion,  Mandwi Taloka,  the
southern coastal allreal tract, whilst Lakhpat
Tatuba iz an erample of barren low-lving
tefTRin.

Informatian an the mosauito fauns of Pufeh i3
very scanty. Afridi ef al. (1938} were the first to

Arcepted for pubiicotion: 25 January 1985,
"Malaria Research Centee (ICMP)
23-Sham MHath Marg, Deathi-) 10 054, Tndis,

Aty CBR Tasdud g RuGA F ch and reporied
* spectes of anopbeiines. There has been no new
‘wiormatian an the mosguitees of ¥ utch for the
last 40 years. The present survey was undertaken
1o update the information, since during the
intervening perind vast developmental changes
have occurred i the country. Results of the
study are reparied in this paper.

FMATERIAL o B0 LIETHRONS

This zurvey w2z wamed ouf in 4 days in nine
Talukas of Futch during February and March,
(984, Adult mogquitces resting indoors and
nutdoars, and Liting man and cattle were
collected by suction tube in the mornings (5.00
A M. to 11.30 & 14 ) and evenings (5.30 .M. 10
i0.09 .M ). Adult collections were made {rom
cattle sheds, human dwellings, mixed dwellings
and other man-made structures. Ouidoor
resting adult masqitioss were collected {ram the
chrubs around cattle and human dwellings,
{nrests and trecholes. Tn this survey, 41 villapes
sere novered in nine Talukas — Bhuj, Anjar,
Fandvi, Mundra, Fabhpat, fapar, Bhachun,
Makhtarana and Taliva. The collection sites
(villages) are shown in Fig. [. Mosquito
eollections were made from each village from a
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minimum of £ eattlesheds and 3 human
dwellings. In addition to this pyrethrum space
spray collections were made from some huts,
‘These villages were also surveyed for larval
Breeding sites. Field collented larvae were Fept
in 8 lakaratory until adult emergenre, lewly
emerged adults were killed with ether and packed
in celjophane paper. Al ficld collected
mosquitoes were brought to the Centre for
identification and preservatinn, Moesquitoes
were identified using the ¥ey of Christophers
(1933) and Barraud (1934) and the catalog by
Fnight and Stone (1977).

PESULTE AND BISCUSEINN

Dauring the survey, a {otal of 11655 masquitees,
belonging to 14 spacies of 3 genera — Anopkeles,
Culex and Mansonia, were collected. In the
collections made, genus Anopheles consisted of

10 species (9222 specimens), genus Culex of 2.

species (2427 specimens) and genus Mansonia of
2 species (6 specimens).

Among enophelines, the most common enecies

was A. stephensi (57.73%) end 2 larpe numherof

morphplogical variations were found in this
species. A. culicifacies, A. fhuviatilis and A.
annularis were collected in conciderable number
from almost all Taluvas (Table }). In January
Afridi er al (1938), recorded 27 specimens of A,
stephensi, 23 specimens of A. culicifacies and 1
specimen of A, fluviorilic. A. ornulariy was
absent in his collection. A, borbirostris which
was repnrted Ly Afridi er al. (loc. cit) vas not.
found in this surveyinstead fonr new speries viz.,
A. pulcherrimuys, A. nigerrimus, A. aconitus and
A. sundaicus vere recorded.

Of the 4 new introductions in Futch, A.
sundairus is a3 primary vector of meleria
throughout itz range of distribntion. ft was
respansible for maiaria epidemins in Chilva lake
area (Covell and Singh, 1942). Pecent surveys
have revealed that 4. sundnicus has disappeared
from coastz] Orizsa (Magpal 2nd Sharma, 1983).
During the present survey 30 specimens of A4,
sundaicus were found in Mandvi and Mundrs
Talukas which are on the sea coast. A. sunidapicus
is a saltwater breeder and the possibility that it
may adept itself to fresh water was suggested by
Senior White and Adhikari (1239). In Mendvi
and Mundes Talukas, it may be plaving some
role in malariz trensmiscion. At present, the
range of its distributinp appearc to ke very
limited, and thic is the most opparture time te
eradicate thie sprcies from Futch before it is ully
ectablished in the conastal sreas,
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- Immunomodulation of Experimental Malana >y wi@

W, FHIULLARY, CI4, GUPTA? and 9. STHGATY

Immmization of eviang, radents and primater with respective plasmodia coupled fo Frennds complete
aditsvantt (FCA)} has baen documented ar en effective made of protecting (he host 2pzinst lethal malarial
inifectiong. The adjuvant, however, is unacrepiatie for buman use beceuse of serinus side effects and there is
& dirc need to find 2 suitabls sohstiture wihich is tafr ec well as effective. In the present study, different
compomnde wers asseceed for their efficeey in protection apeinst P, berghei infection in rodents. OF the
compomds tested, only muremyl dipeptide (MDP) alonp with squalane proved to be an effective adjuvant
apzinst P. berghei in vets, The seme adjuvant, bawever, conld nat pratent swiss mice apainst the same

parasite.

IMTRODUCTION

There bas been a phenomenel resurpence of
malaria es malaris eradication programmes
based on vertnr control and chemaikerapy
measures have proved 1o be of limited success. In
India, there is 2n incressing incidence of
felriparum infection in areac presumed ta befree
from this deadly disegre. The situstion thus
- warrants alternative approaches for the control
of this infectinn, In this connection, serious
effarts are heing made in India and abroad to
explore the poseibility of developinp a vaccine
(WHQ Tech. Fep. Ser. No. 579, 1975). However,
wse of a potent and safe adjuvant seems
“imperative {or effective protective immunity.

Accepted Jar publication: 12 April 1985,
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Postprednnte Inetitute of Medical Education and Research
Chandiparh-160112, India,

2Rinphysice Divicion

Cemtral Drup Fesezrch lostitute

Lucknaw 226001, India.

The whole mycobacterial cell wall/mineral oil
adjnvant (Freund's complete adjuvant, FCA},
(Siddiqui, 1977, Mitchell er al, 1977) has been
found necessary for successful immunization of
primates against P, falciparum. FCA hac been
employed in asroriation with nonjiving antigens
of avian (Freund er al., 1945; Coffin, 1951),
rodent (Zuckerman et al., 1967) and primate

(Freund er al., 1945, 194¥; Targett and Fulinn,

1965; Brown er al., 1970; Schenkel er al., 1973)
plasmodia, The results of all these experiments
were variable, but in general wnuld indicate that
FCA can significantly promote protective
immunity. The ertreme reactivity of FCA
preciudes ite consideration as a posential clinical
adjuvant in any vaccination (WHO Tech. Pep.
Ser. Ho. 595, 1976). Thus, thedevelopment of an
immunologically setisfactory and pharmacolo-
giczlly aceeptable adjuvant is of prime impor-
tance. The present experiments involved investi-
gation of non-TCA apents as adjuvants for
vaccination with Plesmodium berghei in mice
and rats.
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RIATERIAL AN METHODE

Animals: inkred Wistar rats weighing 80-90 gm
and inkred NFAP T mice weighing 20~25 pm were
included in the study. In all the experiments.
statistically adequate number of animals kept an
pellet diet (Hindustan Levers) with water ad
fikirum were used,

Cwrasiies. Rodent malzrial parasite Plasrrodium
sermhef Vinckel and Lips strain, 1948} obtained
‘rom  Hational Institute of Communicahle
Ddiseases, Dalhi has been maintained in our
laboratory by weekly blood passages using 1» 16"
wfected FROCs per mouse and XY inferted
“RCs per rat by the intraperitoneal route.

rxamination: Thin and thiclk blood
cmears stained with Giemsa wereexamined daily
after infection and pereentage parssitaemia
alculated by counting 2t least 509 red blond cells
(T SMeAT. :

HOOG

Antigen: Highly infected hlnod of mice with
parasitaemia of 50-809% was taken in heparin.
Cells were washed in PBS (pH 7.3} and
resuspended in the original blood vojume, The
cell suspension wes treated twice with 6%
Aertran (mol. wi. 275089 to eliminate the
meacytes, The washed packed erythrocytes
were suspended in 5 volumes of saponin solution
i1:7500 in szline} and the suspensinn incubated
with occasional stirring in 2 water bath at 3PC
tar 15 minutes. Following chilling in an ice bath,
iy was rentrifuged at 18,000 rpm in a refrigeratcd
centrifuge Inr five minmes. The supernatent
war discarded and the liberated parasites washed
1 times in large volumes of chilled PBE by
centrifugation at high speed. The free parasites
were then sonicated twice at 20 kes for 3N srcand
centrifuped at 4,007 rpm for 20 min. Protein
cantent of the supernatant was estimated by the
Folins method and efter adjusting its
concentration to 1 mg/ml, it was stored at -TPC
in small aligunte,

A dfavents

Exp. I Trehalose dimycolate (Cord foctor): This
was nhtained through the countesy of Dr. Edgar
Lederer, Institute de Biochimie, Univarsity de
Paris-Sud Orsay, France. A group of {2 muce
(20-25 pm each) was taken, of which € served as
control. 2Mng of TOM in saline was injected per
mouse intraperitoneally in 2 single dase, Three
weeks later, the experimental proug of animele
and the control group of untreated animails were
challenged witk 17 parasitized RRCe (PPRCs)
per mouse, Parasitacmia and mortality were
ohserved sequentizily,

Fxp. IT Muraniyl dipeptide (M DP): MDT was
prepared by one of ue (CMG). A grovp of 16
mice (20-25 gm) was taken of which & served
at control. 109 mg MDP was injected intra-
museviarly into each mouse 7 daye and 14
days before the parasite challenge. Control 20d
test enimals were challenged with {0* PRBCs
per antmal. Duration of immunity, parasitaemin
and mortality were sequentially ohserved.

Exp. I Muramyl dipepride+sgualane+antigen

in mice: Another group of € mice was given .
MDP mired with squalane and zntigen. The

parasite antigen (60 0g) wae mired thoroughly

with 0.6 ml of squalanc captaining 609 up of
{reshly added MDP. Two hundred pl of this

emulsion was injected intramnzeuiarly into each

mouse, A total of 3 such doses were given at one

week intervale followed by a parasite challenpe

of 105 PRRCs per mouse one week fater. A group

of & weight and ape matched mice was used as

cantrol.

Exp. IV Muramyl dipeptidetsqualanetantigen
in rats: MDP was also tested for its efficacy in
rats. A total of 12 rats weighing between £0-949
gm each were taken. Six of these ratc were
untreated and served as controls. The other .
group of six gnimals was immunized with the
emulsion of MDDP, squslane and paracite
antigen. Mumber and amount of dases was the
sama as for mice given abave. One week after the
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izet immunizing dose, the test a5 well as control
animals were chalienged with 105 PRRCs perrat.
Dusation of immunity, parssitaemia  and
martality were sequentiaily observed.

PYSULTE

1. Trehrlaee diryealrte {Cord feetor)

Mice immunized with TDM and the controle did
not show smuch variation in the course of
parasitacmiz when compared with each other,
The prepatent period was the same in both the
groups. Yhe mean percentage parasitaemia of
hath the prourt nearly paralieled easch other
until the Bth post inorulation day (Table 1). The
maximum mcan percentape parasitaemia was
£2.5£17.6 on the [2th day in the TDM proup
whereas it was 50.0H} in the control group. All
the animals in the TDM group and the contral
group died due to P. berghei infection.

Z. MUIP (Lfuremyt dipaptide)

Twa dases of 104 pg of MDP each were piven
intramuscularly  to each  mnuse.  The
parasitaemia curves in the MDTP proup and the
contral proup (parasite only) paralleled each
other (Fig. 1}. The marimum mean prroentage
parasitnemia of the MDP gronp was 55.6:20.2

on the 1Mh day whereas It wenn ap io d2.U125.4
in the controd proup on the same day. The
difference was statisticzly insignificant (p>6.05).
All the contro} as well 2as MDP group animels
died due to 2. berghei infection.

1. MNP mired with souerione pnd entipen

A, Immunizatior in rots; MDP mired with
squaiane and antipen was given Lo rats in 3 doscs,
1 weel apart, foliswed by a challenge nf 108
PRRC: per rat. The raw in the control group
developed parasitzemiz by tire 6th day (Fig. 2).
The maximum mean percentiage parasitaemin on

the 9th post inocnlztion day with 105 PRBCs/rat

was 4.130.14 in the eontrol gronp of rats, After
the 9th day, the mean percentage parasifzernia
levels declined o 0.1£0 on the ldth day.
Haowever, the immunized animzle did nat
develop eny porasitaemia during the entire
period of ohservation after chailenge wih A
herghei.

B. Immurization in mice: A similer experiment
uting an emuision of MDP, squalane and
antipen was camried out in mice. However, the
immunized mice did not show any protectinn
against P. berghes and died of the infeation (Fip,
3 and Table 2).

Teble [. rkrvianr of P. bergkelin VMPI mice pretrosted with TN (207 ng/monee ) end chellenped 3 weeks oter ik 167
PITEfmonce compered with contral snimeks challanged with the seme done

Thays alter Tesi Y M Contral 5D n-value Mortainty
wfectinng Test " Conirol

Srepative Megative - —

L ne 0.5 42 0.42 pihBS - —

# 16 L6 28 1.9 P05 o~ —

51 1.0 19 52 t9 p=0058 H |

g &5 a0 RTS 232 pri1 s - |
% 0.0 164 224 6.4 nai05 — -
16 44.6 .8 333 14.4 o, 15 — —

12 625 174 358 - } 3
13 50.0 —_ 40,0 — 2z —

4 .0 —_ 50.0 — 2 i
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EFHAVIOUR OF P. BEP.GHE! IN MMRY MICE ERETREATED
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Fip. 1: Course of parasitzemia in NM P mice pretreated vith 2 doses of MDP (100ne
ezch) & chellenged with 1} FFBCs per mouse comparetd with untreated contral mice
challenged with the same dose.

BEH#VIOU.R OF P. EERGHE! IM RATS TREATED WITH MDP+SQUALANE
+AUTIGEN AMD CHALLENGED WITH 108 PRR7/RAT COMPARED
WITH UNTREATER COMTROLS CHALLENGED WITH THE SAME DOSE
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Fig. 2: Covirs= of parasitacmia in Wistar vate pretreated with threr doses of MIP
tnired with squalane & antigen end challenped with 108 PP B parret compared with
untreated control rete’chatlenged with the same dose.
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BFHAVIOUR OF P. BERGHEL It FAICE TREATED WITH MDP + SOUALANE
+ ANTIGEN AND CHALLENGED WITH 10° FRRCAAMOUSE CORMPARED
WATH UNTREATED CONTAMM.G CHALLEMGED WITH THE SAME DOSE
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Fig. 3: Course of paresitaemia in HMPI mice pretrested with three doses of MDP
mired with sgualane and antiger and chzilenged with 10° PR BCs per mouse compared

with untreated controf mice chizllenped with the same dose.
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DISCUSSION farctor {TDM) and it synthetic analogres, such -

Extensive data pertzining to experiments an
niice, rats and puines pips have shown that cord

as Cw are capable of stimulating nanepecific
resictance 1o bacterial infection, to various forms
of inoculated cells, and to parasites (Lederer,
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1979). Cord factor has been partially successful
in affording protection against the parasites
Schistosoma mansani and Babesia microti in
mice {Mahmoud er al, 1977, Clark, 1979),

In the present experiments, TDM failed to
protect mice against Plasmodium berghei. It is
possible that TDM can act against individual
parasites and results of one experiment cannot
be extrapolated to that of the other and each
antigen has to be tested.

Dissection of the componemts of myeobacterial
cefls walls responsitie for immunaadjuvant ef-
fects (reviewed by White, 1976) led to the ident:-
fication (Ellouz ef al., 1974) and synthesis (Mer-
ser and Sinay, 1975) of the smallest active moiety,
N-acetyl muramyl-L-alapyl-D-iso-piutamine
(MTIP), which when given with protein antigens
in emulsions of water in mineral oil, exhibited an
adjuvant potential comparable to that of whole
mycobacteria. A synthetic derivative of MDP
{nor-}DP) given in mineral oi) has proved to be
only partially effective as an adjuvant for
merozone vaceination of Macaca mulatra
against Plasmodium browlesi (Mitchell er al,
1979). M DI whether uted as such or emulsified
in ail was incffective in the mouse system used in
this study. Hawever, when MDP emulsified in
oil was used in the rat model, st could afford
)% protection 1o the immunized rats, with the
antigen MDP mixture. Séveral reasons account
for the above results. It has earlier been
documented in the literature that inbreeding
increases susceptibility to cerain bacterial or
parasitic infections (Williams er a/.,1975). This is
borne out by the faet that in our ecarlier
experiments condurted in the same strain, BCG
antigen admixture protects the mice but 3 years

Iater, in the same strain the hbehaviour of the P.

herghei infection chenped considerably with
fatatities at a mesn parmasiteemia of 309 as
against 80-909; in earlier studies. It appears that
the presently evnlved strain is highly susceptible
to P, berghei and MDP is totally ineffective.

Tn comparisen, the infectior is not as lethal in
rats and hence it is easier to immunize them.
There is a great genmetic disposition regarding
behaviour of the same strain in two genehcally
different animals and the effect of adjuvant is
variable,

In earlier studies, 1wo synthetic adjuvants
(MDD Pistearay] MDP) were mixed with peanut
oil and antigen and tried in owl monbeys to
protect them from & lethal P falciparum
infection (Siddiqui ef al, 1979). In case of MDP
only 1 out of 3 monkeys survived whereas using
stearoyl MDP alf 4 of the immunized monkeys
survived. Our results, however, show that MDP
used in rats couid confer complete protection
against P. berghei, while it was ineffective in a
mouse system. The experiments suggest that
primary compound of MDP is not effective in
lethal infection in mice and FCA still remains the
most potent of atl. Currently, an cutbred strain is
being testad for the efficacy of MDP. The present
data, however, would indicate that further worl
on newer derivatives of MDP would be most
rewarding, particularly with 2 breakthrongh of
in vitro cultivation (Traper and Jensen, 1976} It
is more true when it is realized that the protective
antigens of plasmodial merozoites may have 100
large a molecular weight thus defying easy gene
cloning (Freeman er al, 1980) wunlive the
spnrozoite antigens (Yoshida ef al., 1981).
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Efficacy of Single Doge Quinine as Presumptive Treatment

in P. falciparum Walaria

GE.SHARMA RN BAPYAVATY:, P SHAPMAL ME. BHUYAY and P.CEALITA?

It vivo test for 7 days was condneted in Diphn Civil Hospita) to study the efficzey of & single dose of 20 grains
guinine sulphete (adult) orally in 52 P. fafciporm ceses. S cares were dropped from the study due to
unavaidalls circumetaness. GFf the 52 cases followed, 29 coves (59.29%) showed clesrence of asexwal
parzritesmia by day 3 end remained so upta dry 7.1n 20 cazes (41.8%) prrasitaemia eleared initially ot
reeppeared by day 7. Tn 3 caser (5 8%) parasitaemin did not cheer at all. Prresite clesrance wer repistered in
76.1%, crges by doy 4 and hy dey § in 94.3% ceeer. Adverse side rerctions were vemiting, sinritus, pain in
ghdomen eod temaosery denfress of mild to maderote intensity. Children toleteted the drug better.

ITROTHICTION

The system of presumptive treatment, which wae
adopted from early sizties under the MNationel
WMalaria Eradicating Propremme, refers tn ad-
ministration of 2 sinple dose (609 mp) of
chloroquine after binod smerre gre coliected

rom fever cases. both throngh domiciliary -

servicee and Liezlth spencies, Thic is based onthe
assumption that every fever case it doe to
malaria infection unlest proved otherwise,

In cace the fever is net due to malzrig 2 sinple
dase of chiarpauine does not lead to any adverse
side effect and hence no harm is done (MMEFP
Peport). '

" Accepted for publicatinn: 3 May 1985,
iMational Malaria Emdication Programme
25-Sham Hath Marp, Delbi-110054, India.
pepional Office for Health 2nd Family Welfare
Shillong-793014, India.
1Civi} Hnepital Diphu
Farbi Anptong District, Assam, India.

However, with the emergence of P. falciparum
strain resistant to chlaroquine {Sehgal et al.,
197%; Sehgal er al., 1974; Pattanayal et al., 197%;
Chakrabartt er al., 1979; Daseral, 1979, Guha er
al, 1972) and its spread to many countries, the
prohlem of using presumptive treptment is be-
coming inereasingly difficult, Although amo-
diaquine may provide temporary relicf, develop-
ment of resistance to this 4-zminoguincline ig
alsn well-Fnown. Hence in some countries 2
drug combination like pyrimethamine with sul-
phadoyine or culphalene has heen substituted for
chloraquine. This is the policy adopted in thie
country where definite foci of chiaroguine resis-
tant P, faleiparum have hren estabiished,

It should, however, he emphasised that
pralonged use of this drug combination is likely
to precipitate resistance to these drugs as well, as
has been observed in a few countries.

Caonsidering these developments and that several
chloroquine resistant foci have been {ound inthe
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dietrict of ¥ 2t Anglong, Assam where P, frlci-
param is the dominant spacies, the finding of 2n
alternative anti-malarisl, (o act as 2 stopgap for
a short while has beeome a vital iesue.

Accardingly, studies were underta¥en during
April-June £3 at Diphu Civil Hospital in Farbi
- Anglong, veing a single doge of guinine sulphate
with the following ohiectives:

1. To eollect base line data on the impact of &
single dose of quinine on petients with
clinical symptams and perasitremia of P
Jalciparunt within a period of 48 1072 hirs
and thzn uptn day 7 after dengadministratinn,

To ohserve any adverse gide symptoms.

3. - Showuid the regime prove effertive, whether it
conld be used as 3 presumptive freatment,

Incidentalty, the slide positivity rate in thic area
has been from 10 to 129 and the ratio of P. falci-
parem to total cases is abant 70 to 75%. The
study area has aleo shown a high prereentage
(76.49;) «of resictance In P falciparum ta
chioromwine, (Barkakaty er al, Unpubliched
data),

MATEPIAL AV MFTTINNE

Fever cases attending the haspital wers subjected
to binod exzmination. P. falcipervm cases with
aserual parasite connt 2bave 1009 per e, mm. of
biond vere hinspitalised. Urine was tested
thronph Dill and Glazko and Lipnin tests
(Lelijveld end Vortmann, 1570) to ensure that
the persiane dif not have any 4-amincquincline
or sulfa druge caclier, Caees with mired
infection, pregnant women and children below 1
vear gpe were not ineluded in the trial.

Cninine sulphate talilet in the fnllowing dasage
seheduls were piven orally on the first day
(day 0). Before giving the drup, the patients were
advised to have their hoepital diet,

CTpkls 1, Mineepe gelirduls of grinine miinhete

Qniinine sulphats

Apr Groups

' . " Pese-inpraing ‘Base in mg
(-4 yrs. -4 324
SRy, 10 647
014 vry. 1§4 972
fbrvi 14 yrs. 0 ' N Yl

In younger aps proups, quinine was administered
mixed with honay. Foth thick and thin blood

smears - were .collected from the:patients ‘in
duplicate on day 0, prior to adminstration of .

quinine, Follow-np-cmears were collected daily
uptnday 7. Urine samples of the studycases were

examined on day 2tosee forexcretionof quinine
(qualitative teet) by Mayer tanret reagent

{WHO, 1921). Blond emezrs were stained with

1% ‘Giemsa stain in phosphete haffer (51 7.2}

immediately after enllection. Examination and

asexual parasite count was done against 1699

WHRC.

Tatal WRC cannt and haemoglobin-estimarian
was done ip each case onday G onvarde till day 7.

" Parasite count ‘per cu. mm. of blood was

calevlated from the total “WREC count of the
patient on day 0.

The patients were under observation of the same
physician from day 0. Daily morning tempera-
ture was recarded, Side effects like nauses,
vomiting, tinnitue and other toxic symptoms
were noted. '

Out of the 58 cases initinlly adminirtered with the
single dnse of quinine sniphate; four cases could
not be follawed hecause of high temperature and

deteriorating condition of the patient. Two cases o
which vomited the drig jost after administration -

were deleted from the trial. Thus the study could

be completed in'S2 cases. The apeand sex of the
S8 cases iniitially considered {or trial is shown iy

Table 2.
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Telide 1, Ape #rd srrvice distribmtion of prifrots shidiod

Toral

Ape group Male Female

1-4 yrs. 3n - -3
5-R yrs. a1} 6 10 (1)
- 944 yrs. 2 4 L
Abnve 14 yrs. 3¢ 6 (2} 39 4
Total 42 () 16 (2) 52 (6)

Figures in parenthezes indicate the anmber of cases deleted
from the trial. :

PFEVULTS

Clinical symptoms: Out of the 52 cases; 12.

(23.1%) cases became afebrile in 24 hours; 18
{34.65%) cases in 4% hours and another 12 cases
(34.6%7) in 72 hours. In the remaining 4 cageg
{7.7%) the time teken was 96 hours (Tahls 3).

. Tehe 3. Showing the ratfe of clreremee of clinkepl rymptanes

Clearance of symptoms  No. of cares

Pereentage

in Bours o
A i 12 J3t
a8 18 346
72 18 kLY
56 4 7.1

Thus 92.3 parcent of the caseshecame afcbrile by

day 3 and all by day 4,

Fig. 1 shows the mean of temperature of the £2
cases.

Parasitaemia: The effect of administration of
single dnse of 20 grains guinine sulphate are
indicated in Tabie 4. Out of 52 cases, there was
complete clearance of parasitacmia in 49 cases
{94.2%) by davy 6. The single dose of guinine did
not effect clearance of parasitacmia in 3 (5.8%)
eases by day 7 i.e., upto the end of the pariod of
studies. The observatinn of clinical symptoms
revesled that even in these 3 cases, there was
complete amelioration of clinical symptoms.
However, it was observed that in 20 out of 49
cases  showing complete  clearanee  of

parasitzemia, there vas reappearance of asexual
stage of malaria perasite by the end of the study
periad e, day 7.

TYehle 4. Prte of elerrenee of perreiiremis by dry €

Clrarance of parasitaemin Mo, of cases Percentape
in daye
2 7 135
3 13 5.0
4 % 3%
£ g 15.4 .
6 1 ig

FFig. 2 showe the average daily asexuel count of
the 52 cages. Average asexual paragite coumt
reduced from 31978 /cu. mm. of bload on day G
10 407/ cu. mm. of blood nn day 3. Even these 23
cases which had low level of parasitaemia from
day 4 to day 7, remained afebrile, Two of these
patiente felt so pood that they left the hoepital
without bainp diccharged on day 7.

Age compasition of the cases in which parasite
reappeared after the single dose administration
of quinine, is shown in Table 5. The youngest
patient was four years old and the eldest was 56
years old,

Trkte £ Ape compasiting of epeer which chowed
reepnegrence of preesiter ’

Days
Ape group Tatal
bt 6 7
14 yrs — -~ | {
5-8 yrs. 3 -- — 1
9-14 yrs. 1 1 H 3
Above I yrr. 2 i e [3

Tatal 6 4 16 H

Adverse side symptoms: The drug was not well-
tolerated in 41 cases ont of the 52 in which the
trial was completed.
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Fip. I; Fever in 52 cases of ecute feleiparum melsris treated with guinine st Diphn.

:

5 ,

10

N \V

o { 2 3 4 5 & 7

Asexusl Parasite count per cu. mm. of biood
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FIp. 2: Paresitremid in 52 cases tresied with single dose quinioe at Diphu. .
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Telle €. Adverse manifertetinne of sinple dace arel quinine sdministration

Ape Vomiting Pain in Tinnpitas Shortpess of  {hiddiness Pturred Tingling
Group akdamen hearing vision sensation in
: hamds and fert

-4 yrs. - — - — -

5-8 yre. 2 — - - - -

9-14 yrrn, 2 — . - - — -
Ahove 14 yrs 13 4 13 9 1 : 1
Total 12 4 13 9 i I i

Shipht tinnitus in 13 cases wae noticed. All the
cases, however, recovered by day 4.

Vomiting was observed in 12 cases on day 0,
mostly 3-4 hours afier droy administration. In
one patient reprated vomiting oscurred anday 1
Since all these patients bad high fever, the
vomiting that necurred may not be wholly
attributable ta the drug.

Nine patients in the trial complained of difficulty
in hearing onday |. Hormat hearing was restored
in 3 individuals by day 3, 4 and 5. Four cases
complained of mild pain in the abdomen upto
day 4.

One patient each complained of giddiness
Elurred vicion and tingling sensatinn of hands
and fest. Eleven caser were free from side
symptoms. :

{hildren toierated the drug better as compared
to the adults under treatment. Total WRC coumt
showed slight improvement on day 7, The mean
TC rose irom 6322 an day 0 to 6528 per cu. mm.
of blood on day 7. Haemogiabin estimation was
carried out in Sz2hil’e scale. Mean haemoplabin
estimation roce from 64.4% on day 0 to 69.2% on
day 7. Urine tests on day 2 gave positive resulisin
afl the cases, '

DISCUSEION

Resistance to chloroquine in P. faleiparum strain
it emerging az a world-widc phenomenon and

poses a serious problem for malaria control

activities, In India, from 1977 to 19281, a large
number of P falciporum sensitivity tects,
including in vivo and in vitro (bath macro &
micra} studies were carried out, The results of
these studies indicate that the phenomenon is of
g higher magritude level. To meset the anticipated
situation, 2 number of long-acting sulfonamides
and pyrimethamine combination drug trials
were undertaken. For presumptive treainment
this combination iz not advisable as P
Solciparum may develop resistance ta these drugs
alzo. Quinine is s1il! considered 1o be the superior
drug, for the treatment of acute malaria.

Encouraging results were obtained in the single
doce administratinn of quinine in P. folciparum
cases in the present study. Toxic manifestations
were mild to moderate upto day 4. As expected,
children tolerated the drug better in the present
study.
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Effect of a Specific Iron Chelator, Desferricxamine on the
Host RBiochemistry and Paracitaemia in mice infected with

Plasmodium berghei

CHAMAN SIP?GH.', AJ ARIP, F.D, MATHURI, £ CHANDPRA! and A B, SEI

Sipnificant chanpes in the host binchemistry, esprcially in its ferrekinetics do accur in plasmediam infection.
1t waz conceived that if the binchemical chanpes in the hast due to maiaria are reversed or conteined with
drugs other then entimalarials, the host would he able to eliminate the infertion. Inthe present study effects
of a specific ferric chelator Desferal kave bean investipated as regards iron, lipid peroxide and protein
rontente of Yver, spleen and brain of mice infected with Plosmodium berghei and having 9-13%
patasitaemiz. The effect of Dosferal administration on two drug metabolising enzymes aminapyrine
demethylase and aniline hydroxylase in liver kave alco bieen studied, Dats ahtained has been annlysed 2nd
disruseed, Tt vor infarred thot comparatively iesser fall in cleveted iron contents of liver end spleen in
infection suggests that some metabalic gHerations of itnn into forms which cannat be manipulated very

effrctively by Desferal takes place during infection.

TTROGDUCTION

metabohem  2nd bischemintry in malarial
infection which are remarkably reflected in the
host stress organs, liver and spleen (Boacsche van
Den, {972, 1976, 1980; Gamham, 1966;
Gutteridge and Conmbs, 1977; Hunter et al.,
1976; Villich-Fendrick and Peters, [278; Broce-
Chwatt, 1980); Von Brand, 1973, 1976, 1979,

Voodruff and  Chorchilf, 1974), Thooph
extensive siudies have been conducted on

varieus aspecis of mataria, (Gutteridge and
Coombe, 1977, Hunter er al, 1976; Fillick-
Kendrict and Peters, 1978; Woodrufl and
Churehill, 1978} it it not Frown if the metabolic

Accepted far publication: 16 May 1985,
1 Central Dvoy Pesearch Tnstitore
Lucknow-226001, India,

ar biochemical changes due to malaria can be
reversed or contatned with drugs other than the
entimalarial: (Bossche van Den, (972, 1976,
1987 Garnham, 1966; Guiteridge and Coombe,
1977, Bunter &r af., 1976, ¥ iliick-¥ endrick and
Peters, 1972; Broce-Chwatt, 1980; Von Brand,
1973, 1976, 1979: Woodruff and Churchill, 1974;
Burger, 1979, PFoger and Finder, 1973;
Goodman and Gillman, 1920). Some of the ey
changes which occur in malaria are in the
ferrokinetics of the hnst (Srichaikul er 47, 1976)
which play an impartant roie in the pathagenesis
of the dicease. In the present commmication the
effect of a specific ferric chelating apent {Gross,
1964; Ciba Foundation Symposim: Iron
Metzbolism, 1977) desferrioxamine {Desferal),
has been investigated in Plasmodium hergliei
infectinn in mice as regards some biochemical
chanpes occurring in liver, spleen and brain
during moderate parasitaemia (9-13%).
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MATEPIAL ANEG METHODS

Desferal or Desferrioramine was obtained as a
generaus gift from M/s. Ciba-Geigy India Ltd.,
Bombay/Rascl. The dmyg was dissnived
aseptically in normal saline in appropriate
concentrations. The tolerance of experimental
mice to Desferal was first determined by
administering different dose schedules of 300, £00
and 1009 mg/kg body weight intramuscularly
daily for ten days. Jn 1000 mg/kp dnse
schedule the tatal daily doce was edministered in
two equally divided doses. The compomnl was
well tolerated without any adverse effecis.

Pian of experiment : For each set of experiments
40, six weeks old male Swiss mice weighing 1820
gm each were used, These animals were divided
in four groups of ten mice each, The animals in
the first group (A), were neither infected with P
berghef nor treated with Decfersl. The ¢econd
sroup (B) were not infected with P. berghel but
treated with Desferal only. The third group (C)
were infented with P. berghei but not treated with
Desferz] and the last gronp (D) was infected with
P. berghei and trezted with Desferal.

The group D enimals received their first dose of
Desferal ane hovr after they were inoeniated
with P. berpkei. Animale of al} the gronps were
sacrificed when paresitaemia reached a level of
8 0-13.0% in infected groups Cend . Theorpans—
liver, spleen and brzin wére immediately
collected on autopsy, snd weighed and frozen for
estimation of iron, protein, lipid peroxides ete,
Determination of dnip metabolizing enzymes
was done by ponlinp the livers of the relevant
group of animals. Since the response of animale
to the three fevels of Desferal was prastically
similar the data concerning only ane dose level of
1009 me/kp body weipht Dacferal is being
presented  in  thic  communication. Three
replicates of the experiment were carried out,

Mode of infection: Blaod from the orbital plex s
of 8 heavily infected mouse was drawn under
aseptic conditions end diluted with 3.8%; sodiom

. (Sharma er dl.,

citrate, Erythrocytes were counted under @
microseapr vith the help of 2 haemocytometer.
Each animesl of the rlevant group was then
injected. intraperitoneally with. an inocalum
containing ene miliion parasitized erythrocytes.

Biochemirl parometers : Estimations of iron
were carried aut as per the method of Sidneyand
Mathan (1957). Those of lipid peroxide and
protein concentration in liver, spleen and brain
were carried ont by the méthods described carhier
19782, 197€b, 19792, 1970k).
Drug metabolizing enzymes in liver were:
determined according to Sharma ef al. (I97?L) -

The values of average content per organ of iron, .
lipid peroxide end protein were calculated from
the mean value of conrentration per unit weight.
The value of average content thus obtained, if
necescary was muitiplied by a factar of 10 or 1G?7°
or 10} to rationzlize it for the purpoer of
comparative depiction on the histograms.

PESULTS

Table | summarices the changes that teke place
in the various parameters in liver of P. berghei
infected (parasitaemia 9-13%} and normal mice
before and after treatment with Desferal. It js
seen that uninfected normal mice when treeted
with Decferal showed little change in the pross.
weights of their livers from those of untreated
ones. The weights of livers of infected mice (€]
were very high. But when, infected mice with
same degres of parasitaemia were treated with
Desferal (D), their liver weights were ohgerved to
be alimast like those from uninfected mice (A).
Total contepts of iron and its coneentration,
cxpressed as mp/109 pm were minimum if
Desfaral treated-uninfected normal mice (B},
Totel content, thouph high in both infected-
untreated (€} 2nd infected-trested (D) groups,.

was Ligher in the farmer, but its consentration -

was glmost the same in both.

For protein content, there was 2 fa]l botkiin toral
amount and concentration valver in Desferal
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treated-uninfented (B) animals,
preater falle in  infected-untrested (C) and
infected-treated (D) groups.

Karked fall in fotal contents and concentration
of lipid peroxide was observed in uninfected-
Pesferal treated (B) mice, Tt was very high in
infected-unireated (C) ones. In the infected-
treated (I3} proup it was more than in uninfected-
untreated (A} cnes but less than in infected-
untreated () group.

The drug metabolizing enzyme aminopyrine
demethylase is least in infected-trested (1) mice,
the wvalues for uninfected-treated (A) and
infected-untreated (C) lying between uninfected-
untreated (A) and infected-treated (i3) ones.
Anitine  hydroyylase, the other drug
metabolising enzyme it Ieast in  infected-
nntreated () group.

Tahle 2 chows the chanpes that take place in the
spleen of uninfected and infected (with 9-13%
parasitaemia) mice hefore and after treatment
with Dresferal. Changes were observed in gross
weight of spleen. When uninfected mice were
treated with Desferal (B) the weight of splecn was
seen to incresse. It is highest in infected-
untreated group {2} and is much less in infected-
treated (I3} proup,

There were

For iran contents, it is secn that in untreated-
uninfected {AYand vninfected-treated (B) proups
though the total contents were same, the
concentration was mmeh less in uninfected-
treated (B} group. But the concentrations in
infacted groups both untreated (C) and tre.etrd
{1} were similar.

As for protein, the concentrations were much
less in all the three groups i.e,, uninfected-treated
(R), infected-untreated (C) and infected-treated
o). :

Data on lipid peroxide show: that
concentrations were less in uninfected-treated
(R) and infected-treated (I3) groups, vis-a-vis
corresponding uninfected-untreated (A) 2nd
mfected—untrcatcd {C) groups. '

Results in brain in different proups have heen
summarized in Table 3. It is seen from the takle
that, though, practically little change took place
in gross brain weights in 2} the different grovps,
there was some fall in the twe treated groups B
and D (uninfected) as compared to the
corresponding untreated gronps A and C.

Ag for protein, there was 8 marked fzll in ite
concentration in the infecred-untreated {C)
graup, with slight improveiaent on i in the

Takle 1. Ffeect of Destorrl on Proin of infected ond uninfected mire

Groupe - Wet tiscue Biorhemical Parameters
wi, in gm
fron Protein Lipid prroxide
Content Concentration Content Cencentretion  Content Coneentration
mg mp! 100 gm mg mg/pm wet amol pmat HDAS
wot tissve tiesne MDA 100 pm et ticgue
A Uninfeeted 0.495+0.013 D.00831 L 6R40.50 LY 143665 5P 0. 14389 296741.32
untreated )
R, ilninfected 0.462+0 036 400556 1424029 &n.060 130.60:0.00 0,09204 25474350
treated .
2. Infected 0:431 10,029 0.00240 1.95+2.84 46,240 108.70+4.29 0.11059 25 651014
untreated o
2, infected £.465+0.021 Qo7 1.65+1,39 $2.307  {1240+5.20 0.ii8PS 25 564011

treated
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infectad-treated (D} gronp. There is a fail in
protein  concentration  from  uninfected-
untreated (A) gronp to uninfected-treated (B)
group.

When lipid peroxide is considered, it is seen that '

its concentration in uninfected-treated gronp (B)
wag very low as compared to thatin uninfected-
untreated (A} proup. Lipid peroxides in infected-
untreated (C} and infected-treated (1)) groups
were, no deubt, lower than in uninfected-
untreated (A) group, but hetween them there wa-
Iittle variation.

DISCUSEINN

Fron: The idea of using Decferal as a drug in the

contrinment and reverzal of binchemiral lesion

in malaria was meoted from its chelating
praperty. The objectives were to gee if Desferal
woukd help in alteration of iron overloading in
the stress orpans liver and spleen, a feature of
affliction witk malaria and to ascertgin the form
of tron in the host with the help of Desferal which
s & specific chelator far Fe ™.

It would be ohserved {rom Fig, | that in the
uninfected animals Desferal exerted a lowering
effect an iron cantent in liver and brain hy 4%.0%
and 25% respectively. The spleen on the contrary
recorded 2 rise, though ingignificant, of 11.0% in
itz iran content under the action of Desferal, This
would confirm that Desferal is  capahle of
mobilizing and manipulating iren in the animal
hady through it chelating or some other as yet
undeiined action. As would be seen plasmadium
infection exerts a tremendnus influence on iron
contents in Hver and spleen as indexed by an
increase of 315G and 15507 respectively hut not.
in the brain. Desferal, in infecied animals exerted
a somewhat moduiating effect hy lowering the
elevated iron content in liver and spleen from

159, to 225% and from 1550% to 13250

respectively. The effect of Desferal on brain was
just perceptible. The comparatively lesser fall in
iran caments of liver and spleen elevated n
infection would indicate that some metabalic

alteratinns of iran inlo [orms. which cannot he
manipulated by Desferal so effectively, have
taken place. The formation of new pigments and
perhaps  some other stable iron-bearing
complexes in the host body duringinfection may
represent some of these forms of iron (Bossche
van Den, 1972, 1976, 1980; Garnham, [966; Von
Rrand, 1973, 1976, 1979; Srichaibul et af., 1976),
which aré not amenehle to theaction of Desferal.

- Protein: Dicsferal Grought ahout an incipnificant

lawering in liver protein concentration of normal
mice in comparison to the plasmodium infection
which caused a2 perceptible falf (Fig. 2). The

-gdministration of this chelator in. infection

practically did not alter the effect of infectinn. it
is concluded that Detferal when administerad

“during infection could hardly influence the

pattern of protein concentratiors in any of the
three organs. When total protein contents were
considered, in healthy mice. it caused a lowering
by 24.0% in liver and a rise in that of the spleen by

170% indicating thercby an increase in spleen

weight, the brain was not influenced perceptibly.
The infection brought about a marked increase
in the tatal protein content af the fiver (154%)
and 2 large inrrease (870%)in that of the spleen:

.as apgainst this. the brain exhibited only a

prreeptible fall in its protein cantent of 27.0%
(Fig. 3). Desferal, when administered in
infection, could modulate the above tendency in
a2 marked manner in liver hut anly to a much
smaller extent in spleen (FFig. 3). The moduvlating
effect of Desferal in brain on the other hand was
of a different nature as it slightly raised the
protein content, as compared with this
hiochemical value in infection alane.

Lipid peroxide @ In plasmodium infection the
liver exhibited 2 significant increase. Lipid-
peroxide is an index of the tissue damage to this
organ at molecular Jevel caused by the
production of free radicals through activation of
the xanthine aridase system(Sharma éf af., 19782).
Desferal, which ¢ knpown to protect against
the free radicals ((rross, 1964; Ciba Foundation
Symposiun: Tron Metabolism, 1977} exhibited a
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Fig. 2: Inflnence of Dasferal on host {mouse) protein concentration in stress nrg‘:ﬁ; in
Plasmodium berphei infection. .

Liver, scale facior: ofipinal value only.

Splesn, scalr factor: original vatus only,

Brain, scale f2ctor; eripinal value only. -

A — Nomal group. )

B — Drup treated non-infected group.

D — Drug treated infected group.

. — Inftcted graup.
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Fip. 4: tnfinence of Desferat on lipid peroxide cantent in stress organt of host in
Plasrandism borgher infection,

Liver, scale factor: oripinal vatue only.

Splesn. seaie factor: original values x [(F),

Prrin, seale factor oripinst velues » 1070,

A — Marmst group. .

B — Brup treated non-infected proup.

Y — Dirog treated infected groop.

¢ — Infected proup. :



42 IMDIAM I MALARIOL, VOL. 22 JUYIE 1088

lowering effect on lipid peroxide in the non-
infected mouce liver, spleen and brain, the Jiver
bring affected mast as evident from the lowering
effect on the concentration of lipid peroxides.

The pattern of lipid peroxide contentin the three
organs (Fig. 4} was different from that of the
lipid peroxide concentrztion in the four
experimental conditians, In infection, liver and
spleen, cach experienced a tremendous increase
in lipid peroxide content 1o the extent of 250%
and 950% respectively: the brain on the other
hand exhibited a small fall of 24.0%. The
abiervations imply. that malarial infection has
produced biochemical lesions in fiver and spleen
bt not in brain (Sharma er al... 1979, 19798).,
In case of liver and spleen this is understandabic
in view of the reported fall in the superoxide
Jismutase activity (Sharma er gl 1978a)and an
wnerease in the activity of xanthine axidase
‘Sharma et of., 1978a) in malarial infection. The
above two conditions wauld obviousiy provebe
lipid peroxidation in liver 2nd spleen in malarial

14g

*+

CONCENTRATION
AMYNO-PYRINE DEMETHYLASE, nymoles

formnldshyds formed per hr/mg protain

infection  (Mirkelcon, 1977, Sharma a1 al,

1972a).

Desferal which is known as a protector against
lipid peroxidation lowered the lipid peroxide
content of the liver and brain of non-infected
animals by 76% and 32.09 respectively. It
ererted an opposite effect on the spleen. Jt
greatly modulated the effect of infection in liver
hy lowering the lipid peroxide centent from
260% to 1607 in respect of the normal liver. The
maodulatory effect of Desferal in brain and spleen
of infecterd mice was somewhat less marked.

Fnzymes : The plasmodium infection, as
expected, caused a significant fall in the activity
of two drug metabolizing enzymes (Fig. 5).
Though Desferal alone exerted a very small
effect (decrease in the activities of the two
enzymes) in association with malarial infection
it caused a further [al} in the activity of
aminopyrine demethylase hut a small rise in the
activity of eniline hydroxylase. The effect of

LIVER

-
H

COMCENTRATION
AMILIME HYDAOXYLASE, 0 moies p. aminophanal

tormed par A0 min/myg protein

228

]
by

K
v
i

L

£ BEDC

Fig. S: Influrnce of Desferz] on aminopyrine demethylsse gnd aniline hydrorytase
attivities respectively of hast (mouse) tiver in Plasmodium berghei infection.
Liver aminopyrine demethylase concentration, scale factor: griginal values 2 14,

Liver aniline hydroxylase coneentration.

A -~ Mormal group,

B — Drup treated nan-infected group.

D — Druy treated infected gronp.
C — Inferted group.
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Fir. 6: Intlucnior of Dacferel on entinapyrine demethybase and pniline hydroyyiese
contents respentively of Last (monse} liver in Plammodfun berghet infortion.
1iver aminopyrine demethylase cantent, sezin factor: original veloes 2 10,

Liver anifine hydroxylese content,

A — Mormal proup,

R — Drup treated non-infected proup.
[ — Drug treated infreted group.

€ — Infected gronp.

" lmplies that the difference it statistically significant, p0.01.
** Smplics that the difference i statistically bighly sipnifieant, p1.01.

Desferal on the two drug metabolizinp enzymes
may bs partiy understandabie becanse Desferal
is 2 Fe(ic) chelator and the drup mrtabolizing
microeomz] enzyme cystem operates in the
enimal host liver {microsomer) with Lnth the
forms of iron (ferrous and ferric) sctually
participating in its functioning (Lehninger,
1978). The sliered drug metabalizing capeeity of
liver in infection may have besring on the
respnnse of the infected hast toantimalarinle, As
exprcted, the profile of the gross enzyme activity
Afor each of tie (v enzymes in liver was different
fromdhat of cnzyme eetivity expressed on unil
weight basis {mg of wet weight of the tigsue) ie.,
-enzyme concentration (Fig. 6).
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Mosquito Breeding in Water Meter Chambers

E. HARAYARAN snd V. MARUTHABAYAGAM?

In wurben areac man-made structures may
provide major treeding places for mosauitoes,
thus reculting in disease tranemission. A recent
repart of the pverhead water tank as 2 major
source for Aedes aegypri breeding during a
dengue outbrealk in Deibi 15 one such example
(Uprety et al, 1983). The follawittg report deals
with anofher such ssurce — the water mefer
chamber — which proved to be the predominant
hreeding place for mosquitoes ina locality which
vags otherwise inhospiteble for mosquito
breeding. '

A survey in 1921 of the T7hectares of Jawaharlal
Institute of Postgraduate Medical Fducation
and Besearch (JIPMER), Pondicherry showed
that the campus, being on 2 sloping absorbent
land havipg an underground sewape systen:, was
not favourable for mosguito hreeding. The few
open U-drains which sometimes harboured
Culex guinguefaseinius Ylarvae could be cleared
effectively by romtine cleaning. No significant
breeding took place in cement and iron overhead
tanks, the lids of many of which were opan. The
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water meler chambers, construcied several years
after the campus came into being, however,

proved to b the predominant breeding place. At

the time of survey the campus had 329 completed

and accupied quarters and a total of 344 mefer
chambers. The mater chambers were constructad
on the ground with bricks and cement. Top of the

chamber which vas on the ground level was clozed

& lncked. The weater pipe passing along the length

inside the meter leaked throngh the joints and

formed a pool inside, and some of the chambers

were filled to full capacity. The Jid when closed

left sufficient gap for masquitces to enter, and

even chambers having ac little as 3 mm lid gap

were Tfound to hreed masquitoes, when water was

present inside.

Results of 2 survey of chambers in a thickly
populated area are given in Table 1. I was
revealed that 529 of the meter ehambers weré
breeding. and average density of immatures in
infested chambers was 987, Mosquito breeding
in some chambars was <o heavy as to yield
{04-201 larvae/pupac per 250 mi dipper. The
moss predominant cpecies was Aedes gepypii
followed by Cx. guinguefasciatus, Armigeres
subathatus and Aedes albopicius. Of the 116
chambers anajysed for species specific breeding,
1 had Aedes ( Ae. acgypiiand Ae, albopictusto-
pether or singly), 4 had Crx. quinguefasciaruszlone,
Shad Ar. subalhaius zlane, | had Ae.aegypii, Cx.
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Tehla . Macnuito breeding in water meter chrmhers

Type of Total Chambers Chambers Chambers Eetimated
querters chambers checked with with fmmatues
wialer mosquito stages
iarvae/ pupac (Mag)
| §] 8 24 22 16 3895
G 169 23 = a6 43207
H PEs ' 1S #0 54 67410
Tatal 232 222 1] 16 134512

awinguefasciatus end Ar. subnlborus, 4 had Ae.
aegypti and Cx. guinquefasciarus and 21 had Ae.
sepypti end Ar. subalbotus.

t'he meter chambere have introduced a serinus

wosquite problem in JIPMER campus. We
sirongly recommend to ftop construction of
ynderground meter chambers of this type, The

meters could easily beinstalled above the ground
to eliminate mosqguito breeding.

REFLPEMET

1. Uprety, H.C,, P.¥. Srivastgva, B.M. Magpatand V.1
Sharmn (1923). Mosquitc breeding snirvey in vrbsn -
Relhi. Indian J. Malariol., 30:70-822,



Ingwn Jonrnzl of Malariolepy
Vef. 22, June [975, pp. 49-51.

Instability of Pesistance of Plasmodium faiciparum .o
Clhloroquine and Pyrimethamine in vitro

S EMBEAL A GAIANANA gnd CA. SIVARAMATH

In an zarlier communication {Sinhe et al, 1984)
we bave reported 2 study on the comparative
susceptibility of Plasmodiiem falciperum isolates
to chlornanine before and after adaptation to
continuons {1 vifro cultures. By the micro in
vitro test {Pieckmann et al, 1978}, the isolates
were resistant before adaptation, and aficr adap-
tation they were sensitive to the drag. One of
ther, FRH-1, was from & patient vho showed. in
vive resistance tn chloroauine and Fancidar,
This isolate was monitnred far chloroguine a2nd
pyrimethamine susceptibility in vitro at various
passape levels and in the aforeseid paper (Sinba

et al., 1984) only the results of studies on -

chinroquine suzceptibility were presented. Atthe

first passape lovel, during the proecess of -

adaptation z portion of the enlture was cryopre-
served by the method of Poweer al (1268) from
which it was revived after 215 daye and a
sepatate auiture line FPII-1/€C-1 was ectablished.
Chloraquine and pyrimethamine sensitivity of
FRM-1:£2-1 was monitored during the conrse of
adaptation by the methnd desenbed before
iGeianang er @1, 19822). The results of studies on
pyrimeihamine sensitivity of hoth FRE. Y and
FPMN-1)C-1 25 well 25 an chleroquine suscen-
tikility of the fziter have been summarized in this
ROt
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In Fig. ia pyvrimethamine sensitivity of FPN-1
at variaus passape levels has been depicted. It
will be observed that the isolate wae highly
recistant to pyrimethamine when tested at 10th,
14th and 20th paseape levels — the inhikitory
concentrations were &x10°*M, €-107°1f and
Bx HI*M respectively (a strain was considered
sensitive i it was inhibited by 10°M of pyrimeth-
amine a5 par Smalley and Brawn, 1927). At the
47th passage it was stil] resistant to the drug but
at a much reduced level (2 10-*K). When tested
at 63rd passage level it was inhibited by 8- 1090
of the drug indicating that 3t was sensitive. For
comparison, the chlorequine requiremente for

‘inhibition 21 approrimately the same passape

levels have bean reproduced in Fig. 1a from the
eatlier report (Sinha et al, 1984). The abave
reculte showed that FEN-1 was registant ta
chioroquine and pyrimethamine initially bot
became - sepsitive to  the druge f{ollowing
anhseguent paseages. :

Fip. 1% indicates that FRL-1/C-] a1 the Znd
passage level (after revival from cryopreserva-
thon) wac sensiiive to chiloreguine but resistant to
pyrimethamine ~-- the inhibitory consentra-
tions were 105K and I3 sespectively. Sub-
seqquently, when rested at the 3rd and 10k
passage levels, the line showed increased sensiti-
vity 1o chlnroguine being inhibited by 0.5 10-°14
and 0,25 1001 of the drug. However, it still
reiained its recistance te pyrimethamine at a
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reducea minbitury  Conoemration
16-1M). Therefore, the joss of resistance of this
line to the drugs appeared (0 have {ollowed a
pagtern gimilar 1o that of FRM-1. But imerest-

Was

ingly, the loss was at much earfier passages. For

cexgmple  FEN-1/C-t  was sensitive 1o

chloroquine {rom the first passage level itself .

whereas FP -1 retained high level of resictance
ta the drug 4l ahout the 20th passape. Thic may
ke due 1o deletion of certain clones during revival
after cryopreservation as  sugpested by

Thaithong {19£3). Further, it was observed that

2t certain passage levels hoth FRM.-{ and
FBN-1{Ci erhibited resistant responses to
pyrimethamine when they were sensitive to
chloroquine, This indicated that pyrimethamine
and chioroquine resistence are independent of
earh mber. which i in conformity with the
findings «{ Thaithong and Beale (1981}, and
Thaithong er al. (1964) on cloned P. folciparum.

It is now ¥nown that ‘wild® P, falciparum isolates
exhibit genetic diversity and uneloned parasites
may changr their charactere (including suzcenti-
bility 1n drogs) during prolonged cultivation in
vitro. So a5 the reported stodies (Chin and
Collins, 1980, Le Prag or af, 1923; Jensen ¢f al,
1921} have shown that under culture conditions
chioroquine resistant parasites are preferentially
selected ta sensitive anec. Therefore, our present
and ecarlier finding that in vifre cultures may
favour celection  of chloroquine  sensitive
parasites as well,  is at variance with the
ohservation of nthere. It is as yet not clear what
conditinns favour selection of particular clones
in vitro. Subtle differences in the  micro
envitonment may ereatly influence the selection
of particuiar rlanes. It ts also possible that isn-
lates from ditferent penpraphical repions may
behave differently under i vitro conditions.
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Incrimination of Anopheles minimus Theobald and Anopheles
balabacensis balabacensis Baicas (A. dirus)* as Malaria .

~Vectors in Mizoram

5.C. DAS! and 1. BARUAHS

Anopheles minimus was the moct important
malavia vector in Assem during the forties, but
for a decade or 6, there have bren very {ew
reports of its presence, After the extencive use of
insecticides  under MMOP/NMEP, it was
presumed that the species had disappeared from
the regidn. Oheerverse like Eao (1924), however,
believed that the species though redueed in
number, was still present and conld be playinp a
role, This beiief has been vindicated by the recent,
findisgs of Ehetnagar et al. (1982} in the foot
hills of Mlzgaland and by ¥ areem et ol. (1903) in
Bokon, Assam. Furthermore, A.b. balobacensis
and A philippinenvic have alto been
incrimipated a2t vectors of meleria in the
nartheastern region (Sen ei af,, 1973; Rajagnpal,
1976).

Mizoram appeare to he an unexplored area, as
no incriminatiion repart ghout this repion, has
anpeared sa far in jiterature, This fabaratory on
receipt of the information that active malaria
transmiseion i¢ going oR in certain pockets-of
Mizoram, undertook studies at Toichang, a
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- hotder tovm in South Mizeram during Joly,

1984, Civil and army medical authorities con-
firmed the recistznee of Plasmodivm falciparum
to chloroquine in the same locality. To prevent
melanaz amnng the team members, human baits
were avoided and CDC light traps were used for
collection. However, adult mosquitoes vere also
callected from kuts 2t night with aspirator tubs
for susceptibility test. The battery nperated CIIC
light traps were hung in the GPEF (General
Peserve Enpineer Foree) barracks and makeshift
lahour camps at 2 heipht of about two metres
from the ground. All the huts werc pewly
canstructed  (lces than one year old} and
unsprayed, Mo record of insecticidal spray was
available in that vicinity. On an average, twenty-
five occupante were there in ezch unit or
barracke. Traps were operated frem dusk to
davn. The anophelines coliected, were identified

. and diseacted for their parity status and presence

of sparazoites in the salivary plends. The trap
collection of Anapheles mosquitaes are piven in
Table | and hourly collection of A, minintiss and
A.b. balabacensis in Table 4

A total of 782 anophelines, reprosented by €
species were captured on 14 trep niphts. A4,
balabacensis and A, minimus were damipzat,
bring 699, and 27.4% recpactively, Al the pin-

* As prr description of Peyton and Herriean (1079)
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Tahte 1. Records of eolloction and dissection of mosquitors in Taicksng -~ Mizoram, July 84
8l Mosgquiln Per Ho. Mo, Mo, of Sporozoite Panity
T epreies trap callected dissecied**  glands found rate % e
right on 14 trap pasitive
nights*

1 A. aroritis 0.714 ift e - —
2 A. b Balzbacensis 3885 544 134 ! (0, Ta6 2875
3 A. cedivifacies 0.071 1 - - —
4. A. macuinfus 098 i3 -

e A magenlarig var, 0,142 z -

witlmorei

s o4 majidi 0.071 j — - -
7 A, minirus 15.41 246 58 2 324 £4,1
£ A, piperrimus .67t 1 —_ — — —

* 56 mnsquitoes (7 specics) other than anophelines were also collected

** Only Jive mosquitoes were dissected.,

Tedite 2. Jonurty trep eollestian of masnmitoss
(six trap niphts)

Hours A. minimus A, balahacensis
1gihm-2000 3 4
200-2200 a7 54+
2200 -2400 25 : b
On-620M k4 R4
4201-0460 ar 13

* Level of sipnificance = 0.0%

ned and preserved (positive for sporozaite)
specimens of A.b. balahacensis brought (o
Tezpur laberatory were re-examined as sugges-
ted by Ran {1984) and were (nund 1o be A, dirus
as per the key of Peyton end Harrison (1979}
The hourly collections (two haur black} were
analysed as per Fisher’s t-test. It was found that
1800-2009 hrs collection of A.b. balabacensis
differ significantly witl 2000-2200 hre (1=2.355),
0DANN-020% bre (1=2.767} and 0200-0409 hrs
(1=2.723). The 1800-200 hrs collection of A.
minimus differ significantly with 0090-0200 hrs
{#t=3.166) and 2lso 00000208 hrs coliection with
02000409 brs (t=2.518). However, high densities
af these spacies were obeerved all through from
2000 to 0400 hre with 2 peak betveen 6000-0200
hre. Similar peak density of A.b. balahacensis

from 2200-020% hrs was observed doring 19701in
Burnihat, Meghalaya (quoted hy Pao, 1924} and
in Mowgong, Assam by Rajagopal (1979),

The parity rate was as high as 64.1% for 4,
minimus and 20.75% for Ab. balghacensis,
Ismail er al. {1982) observed 69,00 parity in the
indonr CRC Jight trap catches of A minimus.
The sporozoite rate in A, minimus was 3.4% and
A.b. bolabarensis 0.75%, Both the spectes were
highly susceptible to DDT teent percent mortal-
ity was observed within I hours of holding/re-
covery period vith 40, DET).

From the present study, the role of 4. minimus
and A4.b. balabacensis (A. dirus) in transmicsion
of malarie in Idizoram is established, Datailed
studies, however, are warranted to confirm the
succeptibility status of vector species agrinst
DT and HCH. The rale of ather vector spacies
and their resting 2nd breeding habits, host pref-
ercnices ete. still remein to be investipated.

Present findings are in conformity with that of
Jsmail ef ol (1982), who advocated that CI3C
light trap can be very effectively uzed in place of
humen baits to determine the relative density of
malaria vectors, particularly where the baits are
lizhlz to contact malaria (resistant paracites.
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Studies on the Incidence of Malaria in Gadarpur town of

Terai, Pistt, Naital, 1P,

ME MALHOTRAL PP SHUN LA end V.P. STEARRLAL

“Terzi region of district Nainital (U.P.} ic well
known for green revolution, Early gttempts to
colamize Terai were unsuccessful mainly because
of high mnrbidity and martality due to malaria.
The situation taok a drematic turn with the
availability of DDT in malara control. Initially
between 1947 to 1949 three colonization units

were opened in Terzl. These units firer alin made

important contributions in determining the
dasape of DT and the freguency of ifs
application. Cubsequently, these units were
merped and made NMEP unit. As 2 recolt of
epraving under PIMEP malaria vas eradicated

fram Terai by the mid 19697, Controlof malaria |

resulted in the conversion of vast junples into
apricultural farme end simultansous grovth of
agro«industries,  Te  increase  agricuitural
production, Govind Ballzbh Pant University of
Agriculture and Technalopy was eftabliched in
1960 and several dems were constructed for
irrigetion. Today the area i vell jrrigated by 2
netwary of canzls and theie tributerice and
artesizpn welte,

In Jatc 1950 melardn resurpence  sterted
throughout Terai, e« it did in other partc of the
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Firld Statian, Holdweni-261121, Indin,
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country, To tackle this csitvation, the
Government of India in 1977 impiemented the
Madified Plan of Operations (MP0). One
ohjective of the 1ATO was to provide protection
to the green revolution. In order {o study the
impart of the B4PO in Terai region, 2 field
station of thc [Malaria Fesearch Centre was
opened in 1979, Early stodies revealed the
occurrence of 22 mozquite spacies belongingta &
genera, and that A, minimws was ahsent and A,
stephersi was represented by a few sperimens
(Mappal et al, 1983). A. culicifacier was found
thrauphaut Terai in pood densities. Itic rozirtent
to DOT and BHC and breede in inmmerable
sites mostly accociated with irrigation systems
(Sharma er @), 1983a), Studies in 198182
revealed that malaria in Terai was mainly duetn
P. vivax end there was a small focng of P
Jalciparum (Sharma ef ol 1983h). A. evlicifacies
end A. fluviatilis were incriminated a2c vectars of
malania (Chondhury, 1984).

Gadapur fown iz cituated in Terat, | Las 2
population of zbnut 6500. The town ic an
importznt centre of commerce and people from
snrrounding villzges visit Gadarpur forshopping
and medical help. It Las a primary health centre
(PHC) 2nd severzl private practitioners. A one
year sampling ctudy (198223) revealed that -
Gedarpur PHC villages -were endemic for
melaria and that the incidence of falciparum
mzlaria ves extremely high (Chondhory er g,
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MALHOTRA et ol MALARIA IN GADARPUR 7

198 3a), In vivo tests showed decreaced sencitivity
of P. falciparum to chloraquine (Chondhury ef
gl., 1983h). During the same periad, & study on
the incidence of malaria in Gadarpur tovn was
undertaken by continuovsly monitoring the
same population for a one year period. Resnlts of
the stedy are reparted in this psper.

Refore the siart of study, 2 census was made and

all houses were: numbered. Active surveillance
was started in April, 1922 and eontinned til}
March, 1983, During a one year period,
surveiliance was infensified by deploying
additional staff so as not to miss any fever case.
Mass bload curveys were also done during April-
August. All {ever cases were piven presumptive
treatment (603 my chloroquine or 4 tablets adult
dose} followed by radical treatment ac per the
drug policy of the NMEP (Sharma, 1994}, Rlond
smenrs were stained with JEI etain and at least
100 fields of thick film were examined hefore
“declaring  the clide as  nepative. Parasite
identification was confirmed by thin film
examinatian, '

Resuits of this study are given in Table 1. Active
“surveillanee revealed extremely high incidence of
malaria throughont the year, except for 2
months during the extreme winters, In April
almast all infections were due to P vivax
followed by 2 drop to low pumbers in October-
Marcih. There was a sudden increzse in
falciparum  cages  in  Awghst  peaking  in
September followed by decline to Jow aumbers
during the winter months. A notable feature was
the complate absence of P. malarige which used
ta accur in good proportions (about 17%) befare

the colonization of Terai (Srivastava and

Chakrabarti, 1952). There were only £ mixed
(Fy+Pf) infectinns in one year. Slide posifivity
rate remained high throughout the study period
and averaged 58,66 (range 32.43-90.43) and SFR
averaped 34.58 reaching as high as 88.04 in
Navember. During mass blood surveys, a totalof
1798 blood smears were collected from April to
August, 1982, Of these 299 were P. vivax, 12 .

o

Sfalciparum avd 2 mived infections. The SRR wae
17.37, There war therefore a high propertion of
atypical malariz cases in the community. During
the same pericd HMEP meardad a total of 49
malarin cases {34 Pv + 14 Pfand | mived}). The
SPP &nd SFP was 5.27 and 1.6 respeetively. It
wag therefore obvians that NMEPs surveillance

. wag not adequate and 2 larpe number of parasite

pasitive cases wete being missed,

Improved surveillance and pood spraying,
tarpeted to achieve about P0% coverage, i
recommended to contzin malaria in Teral,
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Anupheies annularis ac a Vector of Malaria

in rural West Bengal

Y.F, GHOSH! S .CHARRABORTY?, € RHATTACHATYAZ A PALIT, NERLAM [ A NDOM and
A HATH

4nnpheies anmiaris was regarded as the secondary vector and A.philippinensis was the principe? vector of
niplenis in rurel West Benpal, 4. philinpinsnsis has now virtuz 1y disappeered, but A.armedaris was caught in
aninres as well 25 ofT human baits, Homan bload index of A.anmularis varied fram 8 .84 to 19% pccarding to
different biotapes. Wien fed in the lbaratory nn patients with circulating gametoeytes of Povivax, 13.1%
2f A.gnmdaris beeame infective, Ot of 5428 wild coupht A.aninularis discected, sporoznites were found in
e salivary glands of onemaosquita In reeent malacinue situztion in roret West Benpal A.annudarts is found
ey be naturedly infective and tharfare may b responsible for malariz tranemission in nature in the absenor

af nther vecter specics,

IHTP e O

Resurprnce of malariz haz pased 2 serione health
kazard in rural West Rangal since the seventies,
The pasition has further been complicated owing
10 the fact that the principal vector responsible in
iransmitting malaris in the present situation is
not definiteiy known, Previous studies showed
that  4nopheles philippipensis arted ac the
rrivcipal vestor of malaria in raral West Bengal
and A ammularis was reparded as the secondary
veetor in ceriain areas of India (Timber, 1235:
Viswanathan et al, 1941, Papipgrahi, [94%;
Senior White et al., 1941). A philippinensis has

Aceepied for pubficatipn: € Avgust 19€5,
‘Depaniment ef Zoalapy

M.1.C. Waomens Collepe

Rurduan, India.

2Department of Medicz] Entomelogy
Caleutta Schoal of Trapical hedicine
Caleotta- 770 073, india.

now virtuaily disappeared (NMEPF, 1976)
thongh Hati and Mukhapadhyay (1980) repont
the presence of A.philippinensis in certain
pacyets, The present study has been undertayen
te investipate the role of A annularis as the
veetar of malaria in rural West Hengal in the
present sitnation.

IMATERIAL AN METHGRS

In village Gurap, of distriet Hooghly, an area
endemic for malaria, sitnated about 70 km away.
from Calcutta, mosquitoee were caught off
human lLaits placed indoars and outdoors
throughnut the night from 1809 to 0680 hours
twice inr 3 month {on each full moon and new
maan) for one vear {rom September 1979 0
Angust 1920 foliowing the method of Hati ef al,
(1981).

Mosauitoes were caught in nature from
rowsheds and human habitations inthe morning
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i

Tehir 1. Dictrihutinn of different epecies of masquitoes whitk came in conteet with men ot night

Total kovrs Spacies of mosquitoes Number Percentrge  For mankour

spent ' caught density
(" Cufex guinguefasciatus 3997 602 678

Culex vishruf 1750 2509 304

Armigeres subalhatus 1623 14.67 1.78

Mansonig onnufifera 124 178 022

Anopheies vagns 49 .70 0.0%

Th o Culrx pelidus 45 .64 008
Anopheles annularis in 0.44 605

Anopheles subpictut ki 043 0.05

Anopheles hyreanus 1 010 .04

Ardes argypti 4 0.06 0.63

Aedes albopirtus 4 .00 0.01

kours spending € manhouors per week from
August 197910 July 1923. Human blood index of
A.annularis was performed by preecipitin test
employing the methnd of Ouechterlony and
Nilson (1973).

Field collected larvae of A.subpictus and
A.vagus were allowed to pupate and emerge as
adults in the laboratory, In case of A.annuluris,
adults were obtained {rom the laboratory
colony. The mosguitoes were fed on patients
having gametanytes of Plasmodium vivax in the
hlood and these were dissected {n note the
laboratory infectivity rate.

A total of 5428 wild caught A.anmularis, 5212
A.subpictus and 4820 A vagus were dissected for
the detection of parasites in the salivary glands.

in rural West Bengal (excluding Caicutta) the
number of malaria cases were 17819, 24117 and
27452 in 1982, 1923 and 1924 respectively, Inthe
district of Hooghly, 76, 135, 84, 113 and 105
cases of malaria were reported in 1980, 1981,
1982, 1981 and 1984 respsctively, of which 1,2, 6
and | were Pfalciparum cases in 9840, 19€2,
1983 and 1984 respectively. AP in the district of
Hooghly was 0.02 in 1920, 6.4 in 1981, 0.02 in
1922, 0.04 in 1923 and 0.005 in [984, in the
experimental  village named Gurap. no
malariometric data was maintained.

PEEULTE

Table | showe the different species of mosnquitoss
which came in contact with man at night,
Anopheles mosquitoes caught off buman baits
were Avagus (0.70%), A.ennularis (0.4400),
A.subpictus (0.43%) and A.hyreanus (0.10%).

Only 0.05 A.annularis come in contact with man
per hour and per man hour contact indoors was
0.04. Though they were trapped in almost every
hour of the night, the peak hours were batween
2100 and 240% hours. Maximum aumbers of
A.anmaiaris were collected in the month of
Septernber. Human haits were placed from 0609
10 1800 honrs on twenty-five occasions including -
thie day on which the total solar eclipse oceurred
{16,2,80). Mo A.anmyilaris was caught during the
daytime.

All the Anopheles mosquitoes caught off hnman
baits were dissected but no malarial parasites
were detected in them.

During the period Avgust 1979 to July 1983
altogether 5422 A.annularis collected both from
cowsheds and human habitations were dissected,
aout of which the salivary glands of one
A.anmularis were infective with sporozoites of
P.vivax mataria. The infectivity rate was0.018%,.
In other species of wiltd caught mosquitoes no gut
or gland infretinn was found (Table 2).
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Tahie 2. Different eparies of Apapheles mosquitors disseeted durinp the period fram 190 ta 1983 {upta July) far the
detection of msierisl peresites

Species of mosquitoes Number dissected Number positive far parasite Percenlage
gut+ pland+

A. annrdaris 5428 — 1 0018

A varns 4220 — _ o

A subpictis 5212 — o

Tahle 3. The averrpe frecuiency of primete hinod, compered with that of havinr and ofher blood in two different

binlapes
Species Spray Riatape Ma. of Pnsitive far No. of Na. of
slatus class Positive primate Positive Positive
RMEATS binnd bovine other
blood hosts
No. 9 No, % No %
A annudarc Nit Human 200} k1S 19,06 129 L4 T ] S
Coawshed 215 ] noig il 230 sl
Tabis 4. Laharetary trensmission of P.vivex by 4. ennnderis, A, sulpictos and A. vapus
Species of mosquitnes Total no. of mosquitass Sparazoites Percentage
dissecled found
A. gnmilaris 6] g [RAR
A subpictus 59 0 it
A vogus 5 n 0

Table 3 depicts the average frequency of primate
blood, compared with that of bovine and other
hiond in the differcot biotopes. The human
blood index of A.anmularis was 13.73%. Bt
human blood index of A.annularis caught from
human hahitatinns was [9% which came down to
£.8465 when human blood index of A.anmularis
caught from cowsheds was performed.

In Table 4 laboratory transmisston of P.vivax by
A.gnmdaris and two other species of mosquitoes
is shown. Altogether 61 A.annuloris mosquitoes
fed on patients with Pwivex gemetocytes in
bland, were dissected after 10 days and from £,
the sporozoites in the salivary glands were
ohtained. The percentage of infectivity was

13.11. A total of 59 A.subpicrus and 51 A vagus
fer on the same patient and dissected after 10
days showed no stomach or gland infection.

BISTUSSION

While monitoring the activity of A.annularis, its
role asa probable vector of malaria in rural West
Bengal was bronght into focus (Ghosh and Hati,
1982). No A.philippinensis was caught off
maman bais or from cowsheds and human
habitations in the present study. laboratory
infected A.vapus and Asubpictus showed no
stomach or gland infection. A.vagus and
A.subpicius are generally not repgarded as
malaria vectors in India. However in Bitra
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(Lakshadweep islands) A.subpictus and in
Chetlet  {Lakshadweep  islands)  cither
A.subpicius or A.varuna or both are stated tobe
the suspected vectors, though not incriminated
by dissection (Roy eral., 1978). Inan outbreak of
malaria in 2 few coastal villages near
Pondicherry,  similar  circumstantial  but
inconchusive evidence has been cited in favour of
A suhpictus (V:CR.C., 1977, later of 6133
A.subpictus disserted £2 had oneyste (0.£5%)
_and 4 had sporazoites (0.07%), (V.C.R.C.{52]).

There is a record that in the absence of the
principai vector in Mepal, sporadic malaria
transmission was caused by A.annularis
(Parajuli er al., 1981). In the recent outhreal of
malaria epidemic in the district of Jalpaiguri,
West Benpal, adult A.gnmudaris were caught in
large numbers. The expert team suspected that
A.anmularis may act as a secondary veetor (Hat,
1982}, Dash er al. (1972} detected spornzaoites in
the glands of one A.annularis omt of 174
dissected, in Kconjhar district, Orissa which
neighbours West Bengal.

Matural infection was found in one A.annudaris
in the present study. Moinfection was detected in

A.varus and  Asubpictus. Coveil in 1927
dissected 2511 A.anmnufaris out of which
410.16%) were infective. Out of 34041

A.annrdaris dissected, Timber in 1935 found the
gland infection in 8(0.02%) cases.

A. annularis has been previously reported to he
highly zoophilic, with only 0-1.08% anthropo-
philic index (R ao, 1981), while here it was foond
to he relatively anthropaphilic, In this village the
density of A.anmularis relative ta man is iow,
sperozoite ratc was low {about the same as
reported by Timber in 1935) but it was the only
anopheline  species to be naturally and
experimentally incriminated, and was therefore
responsible  for 'malaria  transmission, even
though previousty believed to be ooly a
secondary vector of lesser importance than
A.philippinensis.

In wview of natwral infection, laborztory
infectivity with Poeivax and  man—vector
contact of A.annularis, it may be concluded that
this species aets as a vector of malaria in rural
West Bengal, in the present sitvation,
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Evaluation of the Formulatione of the Mosquito Larvicidal
Agent BIOCID-E from Bacillus sphaericus 1593 M

PE. MITTALL, ©5. PANT! A BASILE FUNTHALA JAYARAMAN? and V.P.SHARMA!

The efficacy of three experimental formulations of Barllus sphoericus 15934 viz, HTL-8 (wettable powder).
H1L-9 (dust formulation with 507 a.i.) and HIL-10 (dust formulation with 339 & i) were evaluated against
Anopheles and Culex larvae in the lahnratory snd under field eonditions. [n the lanoratory tests, 1009
martality was ochieved agatnst Cudex ginguefacciatus iTand 1V instar larvae in 42 hours, with alithe three
formulations used at the levels of $-23 ma.i.fsa. ft. With the formulation H1L-9 which was chosen for its
efficacy agoinst anophelines. as dust formulation, 1he larvicidal effect was demonstrated against 4.

culfivifacies within 24 hours,

in field trinls, the difference between the two formulations HIL-8 and 9 against anopheline larvac was
clearly demonstrated. HIL-S farcd much better and in several instances bigh martality (90%) of Anapheles
larvae was maintained up to one week. With Celex.the high orgenic poliutants of the habsyiais lowered the

persistence of BIOCID-S,

IMTPONBCTION

The commercial availability and - wide
applicavion  of  Bacillus  thuringiensis  ver.
israelensis lias opened a new approach in vector
contrnl and this has genmerated considerable
interest to isolate and screen microbial agents
- pathapenic  tn  mosquito  vectors, Bacillus
sphaericus, a spore-forming bacterium, is a
potentiat larvicide of several mosquitn species

(Yellen et aol, 1965, Singer, 1980). |t can -

Aceepted for publication: I3 Avgust 1985,
"Malaria Pesearch Centre (JCMP)
22-Sham Math Marp
D=thi-110 054, India.

MNepartmant of Maolecular Biolopy
Madutai ¥ amraj Univercity
tadurai-625 621, India.

smore  potent strain  of B.sphaericus
designated as 1593 M, was isolated in India

germinate and multiply in the cadavers of larvae.
It recycles and persisis longer under natural
conditions (Davidson and Sweeney, [983;

Hertlein er al, 1979 Hornby ef al., 1921). It is

highly -effective against Cuwlex and cerlain
Anapheles species but much less insecticidal to
Aedes species larvae (Davideon and Sweeney,
1983; Wraight e al., [982). The mortality of the
larvae occurs after ingestion of hacteria toxin,
Thiough several strains of B sphaericus arc
Fnown, only a few are insecticidal. Ahout 31
mosquito larvicidal strains of B, sphaericus have
so far been icolated (Singer, [981). The strain
1593 from Indonesia can grow on inexpensive
media and produces highly insecticidal spores,
{Davidson and Sweeney, 1983; Singer, 1974). A
1593
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(Subramanian et al., 1984). Bioassay tests with
" iyophilized preparations of B.sphaericrs 1593M
showed higher efficacy apainst Culex
quinguefasciatus than Anopheles stephensi. This
paper reports the results of laboratory and field
tests with three commercial formulations of
B.sphaericus 1593M eagainst the larvae of
Anopteles and Culex species

MATERIAL AT METHODS

Formulations: Three biocide formulations
produced by M/s. Hindustan Inrecticides
Limited were used in the present study.

HIL-8— wettable powder with 5% active
ingredient.

HIL-9— dust formulation wrlh 55 active
inpredient.

HIL-16— dust formumlatione with 33
active inpredient.

Laboratory  studirs:  lLaboratory  cultured
Anppheles culivifocies, and Culex quinque-
Sasciatus Jarvae were used for Jahoratory tests.
These tests were carried out in enamel trays
{20715 ems) containing 501 m stared tap water.
. Twenty-five larvae of a particular species in the
same stape were introduced into each tray. Three
larval instar stapes (1, 1T and 1V) were used in
these studies and each instar was tested
separately,

The dust formulations, HIL-9 and HIL-10 vere
weighed separately for eack tray and sprinkled
aver the water surface, The wettatle powdar of
HIL-2 was mixed with 2 knnwn volome of water
and sprayed over the trays.

The mortality of the latvae was recorded after 24
and 48 hours of exposure by connting the fiving
and dead larvae. A1) the tests were conducted
under controlled temperature (280C+2°C) and
each test was replicated at least three times.

Field rriols: Small-scate fiedd  triale
eonducted during Tily 1924 in certain rainwater
ponls end smsll ponds measiring 4 sq. fL. to 80
sq. f. and supporting Anopheles or Culex

wrere

breeding. Before application of the biocide
formulation, lzrval density (per dip} of different
paals was determinéd by taking ten dips, using 2
dipper of 509 cc capacity. All the formulztious
were {ested at a dose of 0.5 gm/sq. ft. However
lawer doses were also tried with FIL-8and HI1~
10. Two pnals were left untreated and verved eg
control. The density of Anopheles and Culrx
lervae were monitored at 24 hours, 48 hours, 2nd
one week after the treatment. The collerted
larvae were counted and released baek to the
phnd after each counting.

PESULTS

Laboratory trinfs: The formulations were tested
at the higher concentrations of the a.i/sq. ft.
than with pure biacide to cover any lapse that
may have orcurred during formulztion. In
addition the larvae were fed continuausly during
these trigle ta mimic the natural conditions. It
can be seen fram the resuite outlined in Takln |
that there werc’ differences  between  the
formulatinns, which were tested either for Culex
species of Anopheles species. Some of the
highlights of these results are:

1. With Culex -quinguefasciatus larvee all
formmiatinne gave 100% morality by 45
honre with the different stages of larvac at
the dose of 5-25 mp a.i./sq. ft.

2 W:th Anopheles culicifacies larvae* the
formulations exhikited diverse effect. The
FT1L-8 was less effective as expacted, since it

is a wettable powder and facilitztor 2
uniform  distribution - throughowt, rather
“than the curfzee fintation, most suited for
Anopheles.  HN-9  fered  well  with
A.culivifacies even at Smg ai.f sa. fiowithin
24 hanre. 1¥11-10, another dust formulztion
with higher 2.1.% was also highly effective
apainst A.culicifacies.

Field mals There were cansideratle vznat:onc

- of the efficacy of these lormulations under field

conditions. With anopheline larvae HI11-¢ and
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 Table . Lahinretary eveluntion of NIQCIN-E formulrtions sprinst Anapkeles culicifucies rod Cidex quinguefascintus

Iztvar
Formaulation Base Coneentration f.arval o Monality
e f5g. 1. la.i. in ;

gr fsq. 11 o i:l E‘g ] tnstax Anopheles culicifacies Culex gquinquafasciatus

o 24 hr af hr 34 hr & hr

HIL-8 0.3 5 n 24 11 92 1
v 7 36 o 108}

6.5 At I 97 1% 1M 1049

IAY 80 97 199 100

_HIL® 01 5 11 164 lji$: 97 99
’ 1 97 4] g0 104

v 93 97 74 10}

0.5 25 I 1% 100 96 H

11! ion 1 - -

v 92 109 7 100

HIL-10 Q.05 th I 97 4] 76 1G53
v a0 109 106 )

0.1 33 H 165 104 o6 104

v 1} 1id) 100 10V3

Tekle 2. Uyainztinn of FIQCITEE formatatian ol

net Anapheles speeins larvee in exparimentel gands under field

canditiner
Formulation Arra Dase Conremtration initial "Parecntege reduction in initial density
covered gmisq.fi. of a.i. mgf larval days post-treatment
sq.Mt. sq.t. connt* 1 3 7
HILS g 0.5 2% 56 14 1] k!l
50 0.5 25 [1.4 7e 63 44
HIL9 R0 0.2 [} 11.8 2 ins oy
i3 0.25 12,5 42 1P n 15
4 0.3 25 7.3 £5 7t 5<
K} 0.5 25 i il gt 3 202
iz 0.5 25 5.6 o wn b
HU-10 20 0.1 i3 36 n - —
2 4.2 14 12.1 of e mne
44 0.25 R2 8.2 n? — 52
4 035 6.3 57 L7 27

166

*Ma. of larvae/dip = average.
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Tekle 3. Evelustion of PINCIN-E farmulrtiane eprinet Culey speces tervee undes field conAltions

Formulation Arca Dose  Concentzation  lnitial Percentage seduction in initial density
covered gm/sqft.  of ad. mg/ larval days post-ireatment
H *

sq.ft. sq.ft. density ( 3 7

HI1-E & 0.5 25 X8 7 G0 96
50 0.5 25 30 29 b 6%

HiL-¢ 12 0.25 i2.5 40 N 75 17
20 0.5 25 7 [tha B 9%

4 0.5 25 1e 79 9% Eit]

*No. of larvas{dip = average,
#*Very high density of freshiy emerged I instar larvae.

{The pends with Culex habiiats wers highly polluted with organic matter).-

10 fared very well (more than 909 morality),
although in some cases the efficacy declined
within a week, while in other instancee there was
retention of biocide actien {Table 2).

With Culex larvae, the high pollation prevalent
in these ponds made it difficult to demonstrate
total efficacy. There were instances where once
the formulation was effective its effect was
retained for a week and in others there was
emergence of fresh Jarvae (Table 3).

DISCUSSION

Bioassay with pure biocide from Bacillus
sphaericus  1593M  has  shown  Culex
quinquefasciatus  as the most susceptible
mosquito species (Subramanian er al, 1980),
Culex species have alsa been shown to be most
susceptible in various other studies with other
isnlates of B.sphaericus (Lacey and Singer, 1982
Singer, 1973). Since the larvicidal activity of the
bincide occurs after ingestion of the toxin of the
bacteria by mosguito larvae, it needs to be
distributed in the econiche of the particular
species. For surface feeding anopheline larvae
varinus commercial formulations of the biocide,
which spread better over the sorface of waterare
maore effective as seen in resnlts with HIL-9 and

10, the dust formulations of B.sphaericus
[593M.

There were considerable weriations in the
efficacy of different bioride formulations under
field conditione, probably because in the ficld the
microbes which are a major part of the diet of
newly hatched mosquito larvae and other
environmental conditions could influence farval
feeding and hence variable susceptibility to the
same formulation of B.aphaericus in different
pools was ohserved. Also the more normai
bacteria there are present, the less is the chanee
for ingestion of a lethal dose of B.sphocrictis.

1t is evident from the present studies that the
efficacy of the three biocide formulations againet
Culex and Anopheles larvae, though veryhighin’
the laboratory tests, varied in different fiedd triefs-
depending upnn the 1ype and availability of
oiker fnod material. Hawever, HTL-2 was found
1o be most effective of the three formutations
against Anopheles larvae,
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Studies on Malaria Transmission in Hutmenis ul el

Y.PSHARMAY, B UPRETY, PF. SRIVASTAVA! snd P.Y. CHATDPAHAS

Saramiuigical surveys in the itinerant fabour camps of Delbi reveated that Talaria was one o the i
unnon causes of morbidity. P. vivex cases stort early in spring and reach high numbers in
.upnst-September. During the same petiod, a sudden spurt in falciparum maiaria results in high morbidity
:ve to falciparum and vivax malaria. o later months, the inctdrnee of Povivax goes down but falciparum
aldria remains at that jevel till the onset of extreme winter. A, stephensi was incriminated as the vector in
sepiember 1983, Studies brought out the impartance of hitments in the epidemiatagy of malaria in Delli.

INTRODUCTME

Deihi is endemic for malaria. During late 1960s,
after the near eradication of malaria, resnrgence
starterd in D<lhi ag in other parts of the country.
" To tackle this situation, Delhi was included in
the urhan malaria scheme (URME) introduced in
the eountry in 1971-72 (Pananayak et al,, 1981).
The UMS had little impact and malaria eases

increased to 11165in 1975,19204in 1976, 111089

in 1977. peaking at 332683 in 1978. Although
most of the malaria in Delhi was due to Povivax,
in  the vyears
consideratle increase in falciparim malaria
{(Choudhury, 1984).

Most of the immigrant labourers that come to
~ Delti live in temporary hutments with extremely
pont ‘community facilities. As a result, the
residents suffer from many diseases, malaria

Accepted for publicarion: 25 November 1985.
'Malaria Research Centre (ICMR)

22-Sham Nath Marg

Detlki-110 054, Indta.

that followed there was a

roof, The average arca of each jhurgi was

being the foremost. Eince these hutmenis are

found in the vicinity of well-planned authorized

colomies all over Dethi, these hutment dwellers

not anly suffer themselves butalso constitutean

important source of infection to others.

Therefare, a study of the epidemiology of

malaria was undertaken among the himment

dwellers of Dalhi during 1982-83. Results of this
study are reported in this paper.

MATERIAL AN METHGDS

Hutments or jhugpi-fhapari clusters are of two
types viz., (i) split bamboos and tarpaulin, and
(if} brick and/or mud structure with thatched
Stal
¢q. meters. Jhuggis were placed in rows with
small lenes of 1 tn 1.5 m. In the study sites, there
was no drginage or piped water supply or
tavatories. Residents depsnded on nearby
cornmunity taps. There was no electricity and the
average income of each family was about
Rs.400/- p.m. Cooking was done in the opsn
outside the jhuggis. About 0% children were .
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attending oot dhurn e .z‘waqﬁiﬂ] :’]fﬁcdiﬂg
gites in and around the hurments,

The followinp hutmenis in Pethi 2nd New Delhi
area were rendomly selected for the study: (1)
Indira Wapar Camp A, (2) Indira Napgar Camp R,
(3) Sanjay Lkta Camp. (¢) Anna Nagar, (3)
Sulkidev Nagar, (6) Udham Singh Part, (7} Tonl
Room Camp, (8} Nehru Camp, {$)Tekhund
Camp, (10} Eanjay Camp, (1 1}Ambedlar Rasti
and (I2}Subrota Perk (see Fig., {or locations),
During 1922 and 1983, one round of BHC was
spreyed in the hutments and the coverage
achieved was ahout 10-20%. Surveillanrce and
follow-up tecatment was also poor and residents
depended oo private/hospital treatment.

© . The study team carried out daily surveillance in

all hutments znd one fever treztment depnt
{FTT) was opened in each camp. Blood smears
were collected from every fever case, Slides were
stained with JSB and examined for the presence
of malarial parasite. All parasite positive cases
were given presumptive treatment of 69 mp
chiornguine {nitowed by the radical treatment
ie. (i) Pvivex : a single dose of 600 mg
chiornquine base fatlowed by |5 mg primagnine
daily for 5 days, and (i) Pfalciparim: 600 mg
chloroguine base eon day 0 plus 45 mg
primaquine follawed by 300 mg chloroquine
afier 8 hours and 309 mg chloroquineeach nn the

following two days. Children were given

aroporicnate dosages.

B aniilarval 27 #nlimosquito measures vere
undertaken in the ctudy areas and no suppressive
chemotherapy was given.

Spleen surveys were carried out in May 1982and
April 1982 in afebrile children of the 2-9 years
age group. Spleen enlargement was determined
by Hackett's method (Christophers et al., 1958).

Maosguitoes were coliented using a suction tube
from fixed stations (4 jhoparis i.e., living rooms]}
fram each camp at monthly intervals. Man hour

Ml ot et g

density was caseuiated frain o aciuas e spent
in collections. Mosquitoes were Braught in the
Centre and dissected for vector incrimination.

PESULTS AND RISCUSEIOM

Initially 4 hutments findirs Nagar, Sanjay Elta
Comp, Anra Nagar Camp and Nehry Camp)
were taken up for parasitolagical investipations.
Resuits of one vear stidy (May {282 10 Apnd
1983} are given in Table 1. Apge and sexwise
distrihution of malaria cases is given in Tahle 2.
As the work progressed more hutments were
included for parasitological and entomolngical
work. Resufte of 12 hutmenis (including 4
hutments taken initially} are given in Table 1,
Observations revealed that there was po

. difference in the patlern of malaria in the 4

hutments ar in all the iutmenis pooled together.
Fever rate in the comniunity was very high and
showed great vanation from month to month
corresponding with the prevalence of malaria.
During the summer months and unti] September,
vivax melaria was dominant which gradually
declined with simulancous increase in falciparum
malana, P. falciparum cases pealred in September
and October followed by decline during extreme
winter. Observations also trveaied fow malara
incidence among infants (Table 2), This may be
duc to maternal immunity and also the fact that
infants were generally kept well covered,
Maximum incidence was observed in 9-24 vears
age group. This group was most active and
children above 1} vears generally accompanied
their parents for work.

A few ather observations made in the d huimenis
(population 5056) selected initiaily were that the
body temperature in malaria patients ranged
batween 17,39 € 10 410 O Fever wag more acuie
in faleiparum than wvivax malatia, Paiients
complained of severe gastric irritation (3G or
1.3%) and diarrhoea (44 or 1.5%) during malaria
attacks. There were 15 pregnancies and of these,
3 had malaria. These three cases were given 30
mg chlorogquine an weekly hasis during the
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Friie 4. Mrp koor density of coaphelines in morniny orteiter

Montk/Year A.anmilariy A.culiciforiss A srephensi A.subpictus
May £2 §.50 300 4.0 700
Jun 82 0.50 .00 2.0% 7.0
Jul £3 im 4.0 i0.56 6.9
Aup B2 150 3.00 24.50 1630
Sep 82 1.5% 3.50 33.50 FIREL
Ont B3 250 .50 M50 4300
Nav £2 0.56 250 1950 P00
- Pae 82 0 0.59 350 450
Jan B3 600 173 s f
Feb B3 1.00 225 o &
Mar 23 325 7.00 f o
Apr 83 2.50 4,00 1.0 .00
May 83 1.1 4.00 ¢ 6.75
Jun 83 035 0 0 4209
Jut 83 250 .09 .00 132.50
Aug 83 0n.25 6.50 1375 A7 .00
Sen 83 450 2.75 7.5 ¥.in
et 83 075 G 225 #1009
Nnv £3 .50 0 ] 325

. Dec B3 ¢ . ¢ 9 fi

Note: Per man hour density.

One specrmen of 4 stephensi was found with sporozoites in September 1983,

antenatal period. All pregnancies delivered
normal babies. Sixteen persons experienced
severe vomiting after chloraquine administration.
The drug was repeated in these cases, 2 hours
after administration of anuhistamines, without
any subsequent complaint of vomiting. Measure-
ments of malaria morbidity (duration of febrile
Hness after presumptive treatment of chloroquine
at 600mg aduit dose) was carried out from May
to August 1982, It was reveaied that duration of
fever was upto 24 hours in 58 (4.44%) cases, 24to
42 hours in 273 {20,899} cases, 48 to T2 hovts in |
234 (63.815%) cases and over 72 bours in [42
(10.866) cases. A 4 day afebrile perod was aben
-as chinical cure from malaria.

Spleen survey was carried out in a total of
486 afebrile children of the 2-9 yesrs ape
group. There were 149 (30.65%) children
with enlarged spleen and of these children 7)
(14.6%) were positive for the malarial parasite.
As a resuit of prompt treatment of malaria

positive cases, spleen enlargement and para-
sitaemia in afebrile children vwag considerably
reduced. This was revealed 5y a second
follow—up survey 1 Apsil {1983 which showed
that out of 2 total of 412 chiddren examined, 27
{(6.5%) had enlarged spleen and 7 {1.7%) had the
malarial parasite.

Entomological observations in butments revealed
that A.annularis, A, culicifacies, Astephensiand
A. subpictus were the commonly encountered
anophelines. The populations of A. annudaris
and A. culicifacies were exuemeiy low and may
not Be responsibie for any cignificant irangntission.
A. subpictus is not & vector of malaria in this pan
of the country but increase in its densities
especially after the rains may be causing
considerable nuicance. 4. stephensi was the only

vector species whick could transmit malaria in
the hutments. The densities of 4. sfephensi were
reasonably high from July to December (see
Table 4). A specimen of A.stephensi was {ound
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infective in Septemher 1923 in Sanjay Ekta
Camp. In several other Iocalities of Delhi, 4.
stephensi was incriminated as vector of malaria
during the last few years (Chowlhury, 1984).
Dhir (1969) reported an outbreak of malaria
casued by A. stephensi which was found
breeding near the construction sites in Delhi.
Pattanayak et al. (1977) alco described the
association of A.stephensi with lonal cutlireals
of malaria in construction complexes. They aleo
found one female A. stephensi positive in Mew
Dealhi South zone. A. stephensi was therefore the
vector of malaria in Dethi incluoding the hutments,

Rapid industrialization, large scale construction
and many other opportunities induce people to
move to Delhi in Jarge numbers, Inter alia,many
labour groups come from maizria endemic
states, including régions with high Pfalciporum
incidence. They alsa come from repions known
for chloroquine resistance in Pfalciparum. In
Delhi, they stay in temporary camps and settle
down in clusters forming a hutment. These
huiments are scattered all over Delhi, and have
high malariopenic potential, sznitation facilities
being almost non-existent. The anti-parasitic
and anti~vector measures for malarig enntrol are

very poorly implemented. Thus the hutments
canstitute an important source of infection. The
infection also spreads to other localities which
have improved sanitation and higher standards
of living. Tt is, therefore, important to provide
better ganitation and water dispnsal faeilities,
and to intensify malaria control measures in
hutments to eliminate a major source of malaria
infection from Delbi.
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Studies on the Detection of Malaria at Primary Health
Centres. Part I. Rehliability of Parasitological Diagnosis
by Decentralized Laboratories

AE. BELJAEVI 1A BROHULT!, G K. SHARMA' M.A HAQUE® and ¥.C. SAMANTARAY?

It & study spanning 39 Primary Health Centres of three districts in Orissa during July 1981-Apri} 1982,
tnchniciang of the WM EP collected duplinate stides from H31-200 cansecutive cases. One set was diagnosed at
the PHC 25 per WMEP procsdure and the duplicate set by the research Jaboratary foitowing Giemsa
staining. Parasitc density (PD) was recorded species/formewise in a gradation system: from grade ! {or less
than one parasite per 10 fields to prade 5 for mote than 109 parasites par field. Blind cross-checking of ait
positive and 20% of aegative slides was carried out at NMED" Directarate.

Qut of 4115 elides collected, paired recuits were available foronly 3285 from 35 PHCs, The laboratonies were
cateparized into four groups on the hasis of sensitivity and faise positiviry. Four PHCs came under group 1
with very low sensitivity and resplis that seemed randomiy assigned: seven under Group 1 with jow
sensitivity and low faler positivity; eipht under Group 1T with relatively kigh sensitivity but also very high
* false positivity and seven under Group IV with refatively high sensitivity and low false positivity.
Snccess in detertion of parasites often depended on PD and same PH s were mare successful in detection of
Privax rather than Pfalciparum. Hepative slides were declared Pfalctparum in mogi cases of false
positivity and P.mafarige or mixed cases were never diagnosed as such. Despite low reltability af duta in
individual cases, the revalts of PTICs car be used for epidemintopical analysis because of high correlation
hetweaen irue and reported SPR.

Low pesforinance in many laharatories is due to bigh workload and poor supervision; proposed measures

should improve the sitnation,

INTRORUCTION

During the malaria eradication effort in India,

microscopic cxaminations of blood for malaria
were centralized, this was dene in reletively big
labaratories located at the vnit level, one unit

Aceepted for publication - 2 Drermber 1985
Nationz] Malaris Eradication Programms
22-Shem Nath Marp
Driki-110 054, india.
2Plasmadinm falciparmm Containment Programme (Zane 2)
333-Skaheed Magar
Blubanncwar, Tndia.

usually covering a district or 2 part of it. with a
popuiation of about 1 to 1.5 million. Each
laboratory employed abaut 14 to 12 micro-
scopists. :

In 1977, the Modified Plan of Operations was
adopted, which meant a transition from a
malaria eradication to 2 malaria control strategy
(Pattanayak 2nd Roy, 1980). At the same time,
the process of integration of the antimalaria
organization into the Primary Health Care
system started, which by now is completed in
most parts of the country. In the course of
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implementing the MPO, the labnratories were
decentralized in almost all states.

Each Primary Health Centre (PHC) now has its
own labaratory which is a5 2 rule manned by onc
technician whose functions are to examine blood
o1 ranlaria and, to a limited extent, sputum for
iwherculosis. In some states there are provisions
‘or two laboratory techricians. insoch cases, the
tunetions of the laboratory technicians are
psually divided, one heing responsible for
malaria rmicroscopy, and another for general
pathologicsl examinations. Sometimes, this
second laboratory technician may help in biood
slide examination if the number of shdes
increases. [n some states there are also micro-
seopists with a limited training background, who
normally do some other job, but who can helpto
clear shide backlog, if required.

The decentralization of 1he laboraiories had its
advantages. It improved the access of the
population to the laboratory services, and aiso
created a nucleus of ‘multipurpose laboratories
on the black level. In other words, decen-
tralization contributed to the development of
Primary Health Care. On the other hand, decen-
tralization created a problem of supervision
hecause instead of centralized laboratories the
THC labaratories were functioning at nearly
3004 points, without adequate supervisory
arrangements. As a result, the quality of blood
examination declined in many cases.

To assess the accuracy of diagnosis of malaria by
decentralized laboratories, a2 study was con-
ducted in Orissa, as an apphied research project
under :hie Plasmodium falciparum Containment
Programme (PfCP), objectives and organisation
of which was described by Ray (1979).

MATEPIAL AND METHODS
Orissa is known as a problem area for malana,

contributing to 30-49% of the total Plasmodium
Jalciparum cases recorded in india in 1977-1984.

PHCs were selected in three districts of Orisea
state; Sambalpur, Mayurbhanj and Phulbantin
which longitudins! entomolopical and epide-
miological observations by PICP were already
under way. The selection was done in such a way
as to represent different physiographic regions of
Orissa, in which malariogenic conditions are
known to vary considerably.

Almost al} of the PHCs of the three districts were
visited, ohjectives of the survey wert explained to
the PHC Medical Officers, an¢ their cooperation
was scught. Thirty-mine PHCs were enrolled in
this way (Fig. 1).

Slides were collacted in three phases; during the
pilot survey in July-Movember {921, the main
survey in Januvary-foly 1982 and mapping up in
Septernber 1982-April 1983,

Laboratory technicians wese asked to collect
slides in duplicate from X consecutive cases
who were referred for the blnod examination for
malaria. In areas with lower prevalenpre of
malaria, 200 was the target. Brand new shides
(manufactured by Superior, West Germany)
were distributed to them, to be used for the slides
to be examined by the project. However,
ordinary slides were used for the matching bland
films to be examined at the PHCs.

They were further instructed fo parform the dehae-
mopiobination 72 hours after the collection, in
their usual way, then to dry, wrap and Yesp the
slides till a project worker collects them.

Staining and examination at the PHC was done
{ollowing the NMET guidekines {using JEB stain
{or staining and paraffin oil for examination).
Mothing was done to change the established
procedure or 1o improve the condition of the
microscopas. It cannot be excluded, however,
that being informed on the study design of the
project, some of the lzboratory technicians tried
to examine the matching stides with mare than
usual care.
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Usually within 2 month after collection the slides
were transported by a project worker to the
PfCP research laboratory where they were
stained by Giemsa stain (Merck) dissolved in
phosphate buffer solution at pH 7.0. For
examination new microscopes with built-in
illuminators were utilized. Genuine immersion
oil {Merck) was used.

For examination, an optical systemn of »100
objective and ¥7 eyepiece was utilized. Prior to
this, areas suitable for examination were selected
using x 10 lens. The criteria for selection were,
presence of a nnticeable background and
sufficient number of leukocytes- 1 to 20 per one
microscopic field (*700).

Parasite densities (P} were recarded separately
for the following speciesf/forms: P falciparum
(zsexunl), P.folciparum (gametocytes), Povivax
(all forms) and P malariae (all forms), The
density ‘grades were recorded in the following
way:

Grade Number of parasites
5 mare than 100 per field
4 10 to 11D par field
3 ] to 10 per field
p) I to 10 per 10 fields
I less than 1 per 10 fields,

If rare objects were seen, the labnratory
technicians were instructed to mark their
coordinates, so they could again be located if
canfirmation was needed. The correctness of the
diagnosis was confirmed by one of the authors
(F.C.5.). After that, all the positive and 20% of
the negative slides were sent to NMEP
Directorate in Delhi, where they were re-
examined by a senior laboratory technician who
did not know the resuits of the primary
examination, Then the two sets of results were
compared, and, in case of discrepancy the final

diapnesic was establisked after a re-cxamination
by one of the authors (A E.B. ot J.AB. or both).
After the results hy the project laboratory had

‘been finalised, the results from the field

laborataries were obtained and compared,

The data was processed using a pocket computer
Sharp PC 1251,

The fiow-—hart of the entire procedure is chown
in Fig. 2.

RESHETE
Claseificetinn of the ishoratories

From 19 PHCs, 4115 slides were collected.
Quality of the blood films was, in general, low.
The comman defects were {ixation of smear,
insufficient amount of biood and presence of
bacteria and miscellaneous dirt in the filme. In
some cases, probably due to the properties of the
water used for dehaemonglobinatinn, the films
did not take up stain properly. Therefore, a¢ a
rule, it was more difficult to examine those slides,
than the shdes collected directly by the project
workers elsewhere; 609 slides (15%]) had to be
discarded altogether as unfit for examination, '
including whole lots from 4 PHCs, '

Gut of 3506 shides examined at the research
laboratory, the results could be compared with
thase produced by (the PHC laboratories in 3282
cases. In the remaining cases, resuitc were
missing from the PHC.

In relation to the Slide Positivity Rate (SPR)as
measured by the Project lataratory, two clear-
cut groups of PHCs could be distinguished, a
group of 7 PHCs with low SPR (1 to 3%) and 2
group of 26 PHCs with SPR ranging from 15t .
57%. Only two PIICs fell in between these two
groups, with SPR 6 and 9%, In mare detail, the
parasitolngical findings are discussed elsewhere
{Belizev et al., in  press),
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Fig. 2: Flaw-chart showing the processing of slides by the Project coripared with the

usugl cross<hecking procedure.

Oyperations: P - preparation af the blood slides; § — staining: E — examination;

C'h -- cross-check; € -— comparisan,

Flows of slides are shown by salid arrows with their hreadth corresnonding to the
amount af slides: flows of information are shown by broken arrows.

The accuracy of the diagnosis was measured by
(wo parameters:

—-sensitivity (percentage of slides declared’
positive 7y the PHC laboratory, out of the
ratal numiser of positive slides detected by
the reference laboratory) and

—~false positivity (percentage of slides
deciared positive by the PHC laboratory,
out of the total number of negative shides
detected by the reference laboratory).

Pata on 26 Yabaratories has been used Jor this
analysis. The remaining have been exchuded on
the following grounds; in four of them all sfides
were unfit for examination and in nine the
number of positive cases was too low to evalvate
the sensitivity,

The distribution of the 26 laboratories in rglation
to the twn parameters is shown on the scatler
diagram (Fig.3). On this kind of graph, the
position of an idea! laboratory would be in the
lower right corner {1009 sensitivity and 067 false
positivity). In fact, none of the iaboratories
reached this status, though some of them
approached it closely enough. i :
It may be useful to assess the status of the
jaboratary in relatisnioalinedrawnat 43 to the
x-axis represeniing vases where sensitivity equals
false positivity, their ratio being ): 1. The position
of a laboratory wouid be on or near thisline if the
results are given at random. If, which is difficult -
to imagine. a positive slide is more likely to be
deciared negative and vice versa, the
corresponding dot 'wauld be placed above that
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Fig. ¥: Distribution of PHC Jabaratories in reletion to their sensitivity and false

positivity.

Each dot correspends to one PHC {the definitions of the PHC catepories are piven in

the text).

Linés {1:1 and 1:3) show th= ratia of [alse positivity to sensitivity, With the ratic 1:1 the
diapnosis js #s if penerated by a random process.

line. Anather line, corresponding to the 1.3 ratio
between the sensitivity and false positivity was
alto drawn. This line was used to distinguish
hetween the labaratories with (relatively) high
sensitivity and lnw false positivity (group 1V
below) and thnse with high sensitivity and high
faise positivity (group ITI}.

In relation to those fines, four more or less well
defined clusters of dots may he ohserved,

Group Il consists of 7 labaratories located tothe
¢ tight of the group L The sensitivity is quite low,
" but the false positivity is low too. The probability

of misdiagnosis is three or more times less for a

positive slide than for a2 negative one.

Group 111 consists of 8 laboratories occupying an
upper right position on the graph. The sensitivity
is relatively high and may be as high as 109%, but
the faise positivity 1s aleo very high.

Group | consists of 4 laboratories located at the '

Jower left corner of the graph, near the 45° line.
In other words, the sensitivity is very low, and the
results look as if they have heen assigned to slides
in 2 random manner,

Group IV consists of 7iaboratories lorated in the
lower right corner of the graph, The sensitivity is
relatively high, and the false positivity is rather
low. '
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InfToence of prrecitn cpecies end drnﬂtty on the
sueceee of the detection

The success in the detection of parasites vag
analysed for each group of lahorataries
{Table 1), The ¢lasses of PT) were combined (o
produce two broad classes, of low densities
{classes | and Z in which the parasites are nat
‘present in every field), and of high densities
- where, on the average, more than one parasite j¢
present in each field, Comparisons between the
proups were made using the t-tert for two
percentages. Ac a threshold value, ¢ = 1.645 was
selected which corresponds to a significance at
9587 level in the ane-tailed test,
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success in detection of one species (Poviver in
this case) was sipnificantly higher than of
another (P falciparum} and this is only in 2 case
when the PIJ was low. Success in detection of
parasites in cascs with a higher PID as compared
with cases of a lower PP (of the samie specics)
was significenily higher oniy in groups i and 1V
of PHCs. in the PH s which could not be
categorized becavie of the low incidence, the
suceess in derection of Povivax was signficantly

higher than of Pfelciporum.

Jo group I of the laboratories, where the
sensitivity was unacreptably low, even cases of
rtycinery severe parasitsemiz {class I} were
missed as a matter of routine fas manyac9 out of
11 cases (82%:3]. in the other three groups, this
accurred, but only occasionsily (two out of 21

cases of class T missed ar 9.5%).

Tahie 1. Sensitivity i reletion ta the speries snd peresite densities

Mumber of casee detected by the PHC Jabaratorics and confirmed /number of cases detecied by the reference labaratary

{sensitivity 0)

Species P. falciparum Porivar

Parasite 102 Jt0 5 Yo 2 Jio4

densty {FFL.) (FH) MLy (Vily

clasees

Groups of the
PHC labomtiories
1 413% (10.3%) 15/84 (17.9%) 150 {10.0%) 3713 (23.16)
it 7739 (18.0%) 25{49 (51.0%) 1230 (40.0%) 2336 {63.9%) -
i 39763 (61.9%) 48 /69 (69.6%%) 10,30 {63.15) 24138 (63.29}
2841 (68.3%) 44153 (R3.07%) 15724 {62.5%) 18:23 (78.3%)
vl -"J.-' 3 i 4 4: 7 i 6

FLE A fae‘r partn o
TH = Pfalciparum gh
Y1, = P vivax low
VYH = B vivax high

Significant differencrs in the one-tziled tteet:

SROUP H GROUP IV
VL. > FL FH > FL
H>» FL FH > VL
VH > VL

VH> L

NON--CATEGORIZED
AV >alF o
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5 different approach may be based on the
assumption that, if the success of detection
depends on the parasite densities, they would be
higher in detected cases than in the missed ones.
This approach was tested and the conclusions
were, by and large, the same as ahove (Tabie 2).

411 the cases diagnosed as positives by the
Jroject lehoratory were subdivided into 8 cets
four PHC groups » two species), Each of thece £
«ts were further subdivided into two: siides
which were diegnosed as positive by the PHC
eventual discrepancies in species dizgnasis were
0t taken into consideration) and those which
~ere diagnosed as negative. For each of the
wsulting 16 groups, average parasite densifies
AP} were calculated by summation of the
sensity cless numbers {for the Jew mixed cases
svesent, the density of the predominans species
wag taken). For a comparison of the AP in
ndividual groups, a one-tailed t-test on two
sieans was nsed. To assess the trend in all the
wroups as & whole, a sign test was tried.

t could be observed that in every FHC group
.04 for bath spectes the APD was higher among
iie detected cases than amang the missed ones,
vhich is highly significant in the sign test. A
.smparicon of individual groups using the {-test
iemonstrated the following:

(2) Among the missed P falciparum cases. the
APD was significantly higher in group T thanin
any of the other groups (in other words, more
parasites were needed for a technician of group I
10 recognize them ac parasites); '

b) Only in groups [T and [V the APD in the
detected cases of P falciparum was significantly
higher than in the missed ones, in these groups
the success of the diagnosizs depended on the
parasite densities more than 13 others

(¢} Only in group IV was the APD in the
detected cases of P.vivex significantly higher in
the detected cases than in the missed ones. In
other words, success in the detection of Povivaxis
lese influenced by the parasite density in the
majority of the lahoratories, except in the most
suecessful ones which belnng to the group I'V.

Camparisan of  verious af ihe

Iaharstories

reteporins

The combined resulis of the comparison for each
groun of laboratories are given ip Fig. 4. On the
orizantal axis, the resuits by the Project
taboratory are subdivided irdo three grovps: (1)
Pfalciparum; (2} P.vivax (to which cases of
P.malsrige were also added hecause they were
106 few ta he shown separately); (3) Megative A
lew mixed infections were included under the

Teble 3. The sverape parngite densities in the detected snd missed epser

firoupe of PHC labaretories

P. faleiparum

P yivax and Fralariae

and total cases, detected or missed

NC APD 5D NC APD 5D
1 Detected - 19 126 165 5 100 .71
Missed 1S 2.90 1.30 15 257 1147
0 Detected 33 311 1.41 34 768 0.84
tdiseed f:ts 2,06 1.34 12 2.44 044
P Detected 104 228 L 47 18D 077
[Aissed 52 06 1.3 0 2143 0.94
v “retected 79 2,53 136 A7 273 0.91
issed % | 88 1.17 [ 214 0.88

N = Mumber of Cases
AP0 = Average Parasite Density
4P = Standard Deviation
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Fip. 4: Results of blood examinaion by the Project laboratory (x-axis) end PHC

leboratories (y-axis).

T¥ata are given separately {or each of the four groups of lahnrataries (I ta IV).

Symbols for the sets of slides:
FF — Pfalciparimm diggncsed as P falcipanm,

FN — P.falciporum diagnosed as negative;

YV — Pouitvax disgmosed as Povivax;

NF — Negative diagnosed as P fufciparum;
S . Mepative dirprosed as nepative;

FV — Pfaiciporim dizgnosed as Fovivax;
VI — Pvivax diapnosed as Pfalciparum,
YN — P.vivax diagnosed as nepative;
NV — NMegative diagnosed 8s Povivax;

‘F+FVHVF+VV — All positive dinpnosed as positive,
YR+ N — All positive dizgnosed as negative;
HF+NV — All neative diapnosed as positive.
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each rectangle is proportional te the absoluie
number of cases in each group. Combined
groups are afso ecasily seen: FF+FV+VF+VV
representing all positive cases detected as
positive, FN+VN representing all missed cases,
and NF+NV representing all false positives,

Analysis of the datz presented in Fig. 4ic givenin
Table 3. To guantify the epacies discrepancy rate,
anly true positives which were also recapgnized as
positives by the PHT laboratories were taken,
ie., sets FF, FV, VF and VV. The error rate for
P.falcipary. 1 is the proportion of P. falciparum
wrongly diagnased as Povivax among the {otal
number of Fjafciparum cases recopnized by
both PHC and Project laboratories ic., FV
divided by the sum of FF and FV. The errorrate
for Pvivax is caleulated in a similar way. IUis
shvious that the proportion of Povivax cases
diagnnsed as P falviparum far exceeds the
proportion of Pfolciparum cases diagnosed as
P.vivax. The error of diagnosing P falciparumas
Pvivax accurred sipnificantly mare often in
PHC group 1V than in groups [T ar 111 Theerrnr
of diapnosing P.vivax as Pfalriparum occurred
mare often in PHC groups I and 1] than in
group 1V, and in group [II more than in
group 1L

P I

LA APL A

YO mcaslit  fic dse Caealiaiy  caie, il
proportion of faize positives of each species {seis
NF or NV) among the tatai number of negative
cases (MF+NV+NH) was caleulated. It may be
observed here again that preference was given Lo
Pfalriparum over Poivax in ail the groups
except NC, In other words, if a technician was
coming across something which he thaught
might be a parasite, but in fact was not, he would
much more often say that it was P falciparum

than P.vivax.

False P.vivax diagrnosis occurred significantly
more often in groups i, IV and MC than in
groups I and 11, False Pjfalciparum ocecurred
mare often in group 11 than in any other, and
more often in proups 1, [T and IV thaningroups
11 and M. As {or P.malarier, # was uever
correctly diagnosed, out of 29 cases seven were
diagnosed as Pfalciparian, seven as P.vivaxand
the rest as negative.

Mixed infectinns which were present in 13
cases (P. falciparum + P vivax in 13 rases,
Pfalciparum + Pvivax + P.malarioe in one and
FPoyivax + P.malarice in one) have never heen
detected as such. In 3} caser Pofvax was
diagnased, in 2 7 falciparnnt and in 9 cases the
result was declared negative.

Tehle 3. Frrore in sneeies diepnacic end felre pasitivity

P folciparum
called P.vivax
(FVV(EY + FF)

THagnosis

P. vivax and P molgrice
called P falciparum
(VF} (VF + VV)

Hepative Negative
called Povivax calied Pjalcipariam
(NVY(NV + NF + NN} (NFUINY « NF « NNy

Groups of FHC
tahoratories

i [ L 3 1 Re0E) POACHG I W OIi9r £.8%)

1] AN 300 10 300 20 604) (526000 20 526¢ 1B

n 6i103¢ 5.9%:) 21 4NOLT) 147 504(2.80¢) 44 50428 .67

W 12/ 91529} 75 3R 1R 407) 1 343(2.05%) 46 543¢ K5
MNon-categatized nit ail 25 67T} 23 67U 3.4%)

*¥or an explanation of e set symbols see Fip. 4.
Sipnificant differcnces in the one-taited 1-test:

GROUPT GROUP I} GROLP 11§
VE > FV VE > FY VE > [V
HE > MV HE S NV N > MV

GROUP IV
Vi T
NED NV
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Tehle 4. Frenneney of P fofciparem gometnayter baine riseed

*sumber of cases detected by the PHC lakoratories; wotal number of P falciparun cases as detected by the reference lahoratory

{sensitivity in relation (o gametocytes )

‘jametacyte density classes I 2 3
{Gh (G2 (G3}
‘iraups of PHC laboratories
{ 0 19 0; 3 nif
il 17 25 (4.0%) 4r 9 I3
3t 2. 40 (5.0%) 011 TF
Y boo26 {1,950 16 i1
Teaal 6110 (5400 3779 (10,45 36

$igpificent differences in the one-tailed t-test:
Jroup IV > Other groups combinad;
> GG > GL G3 & G2 » 0

Pjalciporum gametocytes were under-repasted,
they were found by the PHC laboratory
echnicians only in if} cases out of 145 (6.9%).
True, the pametocyte dencities were usually very
jow (Table 4). Suecess in detection of
gametocytes was significantly higher (as assessed
by a one-ailed t-test) in  cases of higher
gametocytaemia (PD class 2and 3 combined vs.
class 1) and in PHC group FV than in ail other
groups combined.

Correlrtion hetyeen the free end reported SPR

it was obterved that false positive diagnoses are
‘nore lively in situations where malaria incidenee
is high (Fig. 5). To substantiate this ohservation.
the correlation coefficients between the true
SPHR and falce positivity were caleulated, The
least squares method was used, and linear,
logarithmic, evponential and power models were
tested. The best fitting curve was selected out of
the fqur models, i.e., the curve with the highest
carrelation coefficient, r. In this case, the highest
r was obtained with an exponential curve {ah in
Fig. 5):

bx
y = ae where:
x iz true SPR
y is false positivity
e=2718..

Parameters: a = 3.10, b = 0.568, r = 0,48,

The exponential mode! cannot take into
consideration points where y = G (there are five
points like this}. The best fitting line whick takes
into consideration all 35 paints is the straight od

y =arby with parameters
2 =519, b=0372,r =040, '

The true and the repnrted SPPR were compared
by the same method {Fig. 6). The best fitting
curve was found to be a power curve:

b

(R 1
¥ is the true SPF
v i¢ the SPP by PHC laboratories
Parameters: 2 = 3.i0, h = 0,568, r = 0.64.

whare:

If the lahoratories belonging te group | with
ahsalutely unreliable results are excluded, the
parameters change in the following way:a = 3.44.
b = 0.577, r = 0.70.

DISCUSSHOM
Inferenee fram the reculis

The results indicate that (i) many cares of
malaria are missed or misdiagnosed; (ii} many
negative cases are wrongly identified as positive:
{iii) the performance of the PHC labaratories i
strikingly variable,
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Amaong the various types of errors, the most
important are cases in which the parasites are not
recognized at 21l Still, even in these cases, jow-
density infections, which are maore likely 1o be
misced, are to some degree contrelled by the
presumptive treatment  which is piven to
wverybody at the time of blood collection. The
cal problem is the high density infections that
. missed, which oeccurs auite often, even
o the laloratories showing better performance
+Table 1)

tncorrect species diagnosis is a less imporiant
problem from the therapeutic point of view,
snee:

-a; ibe treatment prescribed for Povivax
‘ntections (presumptive treatment with 600 mg
of ehioreguine foliowed by a radical treatment
with one dose of 600 mg of chloroguine plus
i5myp of primagquine daily for 5 days) is usuaily
sufficient for the clearance of rings and
gametocytes of chloroguine sensitive P folci-
parum;

(b} the standard treatment for P.fulciparum
wnich differs in the dose of primaquine in the
radical treatment (45 mg are given in one dnse)
will not prevent late manifestations of Povivax,
ihis is probably not very important in a contro}
programme.

The study showed that the latter type of
therapeutic error is bhound to be prevalent,
bscause of the tendency ta misdiagnnse in favour
of Pfalciporum rather than Povivax in zil
Groups of PHCs, except the PHCs with low
incidence (NC) (Table 3).

False positivity is probably the least important
type of error. True, some wastage of efforts and
resources 15 involved, but this is not very
substantial. In the group of patients covered
by this particular study, chloroquine was
presumably given as part of the presumptive
treatment 1o z2il 3282 persons examined. In

addition, chlarnquine should have been given as
a part of radical treatment to 162 true positives
(1644 doses in total). The trearment of 312 false
positive cases added only %% to the amount of
chloroquine spent.

The PHC labnratories can ke categorized into 4
ETOnRpS.

The results given by the technicians of gronp |
were absolutely unrefiable, The reasons were
personality problems (some of the technicians in
question were known for years as habitual
defaulters, but no administrative action could be
taken against them) and/or poor condition of
the equipment.

Technicians of groups II and HI have diffienity
in recognizing parasites. Techmicians of group IJ
are cautious and not so easy o mistale an
artifact for 2 parasile so easily. They are more
confident [n the diagnoss of Povivex end
probably need to see many parasites before
becoming convinced that parasites are there
indeed, On the contrary, technicians of group 1
are quite libaral in declaring a slide to be positive,
That is why the results depend on the PD in
rraup 11 and do nat do so in group 11 and vhy
falee positive results are much more prevaient in
group [,

Group IV was the bert, though blunders oecur
even there. '

The PHCs operating in areas with 2 low
incidence of malariz could not be cateparized.
Hevertheless, it seems thazt they share some
common feafures. False positive results were
rather common, but unlike other groups, no
preference was giventn P falcipariom inthis case,
P.falviparum wag missed much more often than
P.vivax in this group. '

Peecnne for inedenuecies in performence

One of the reasone for cases being missed is
prohatly insufficient examination time. This ic
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demonsiviwey Sy iee fact ied e cuecese in the
dispnosis depended on PP 2t least in some
categorics of cases and also by the fact that
Pfaleiparum pamelneytes, which are quite
conspicuous though nsually few in numbers
(Table 4), arc oflen missed. Another reason may
“Be that the technicians usually defy the mie to
start examinatinn with a low power lens, to select
the portions of slide which are gand for
- examination. They usually start (maybe berause
of the lack of time) with the immercion lens, and,
as a resulf, quite often examine unproduetive
fields. This may explain 1he Blunders which
_oecur even vith relatively good technicians.

Work with 2 microccope requires specific mental
and physicai abilities. Mast obvious is the ahility
to distinmtish colours. In come statee 2 enlour
vision test it mandatary in the coursn of
recruiting microscopists. Unfartunately, the
physical ability to work with 8 microscope it
never checked in Orissa. Some of the prosg
inadequacies which we oheerved in thic study
werr probably due to that factor,

The factors mentioned abiave could b relatively
easily cheeled before decentralization, when the
jaboratory technicians worked in 2 bip pronp
under close supiervision of mare experiencad
senior fechnicians and within easy reach of 2
specialist, such as a Unit Malaria Officer. Mow,
the tecknicians waork in isolatinn, The
supervision over them is entrusted to PHC
Medical Gfficers who usually have litile
technical Fpawiedge of malaria microscopy or
runnigg the laboratsry. Such supervicion is often
inadeguaic.

The psychological effects of iwolstion are
important, A technician hat nobady to diecuse
techniegl matters with nor can he obtsin a cecond
opininn in case there is doubt abaut the
diagnnsis. Theidentification of lahoratary errors
and maifunctions of the micrascopes has become
mare difficult for many of the techniciane. They
often have hecame vsed to the bad quality of

AR ndr b e e i3

thelr staining or the pour ‘bawacomng of thely
only micrascape, because they do nat have any
standard for compasison.

With decentralization, repairs have beconme
more difficult. Oncasional breakdowns af the
microscapes in 8 smsll laboratory have more
gerios  consequences, fince no  stand-by
microsenape iz usually available. Yopistic
probleme have become more numerous and not
£6 easy to coive,

Before decentralization, the work of coflecting
and consolidating epidemiological information
was usually done by specially desipnated .
waorkers, Now, the laboratory technician has to
da everything himeelf, he nat only has to procese
Ginnd slides, but alen mmst maintain 2 number of
registers and record {forms which have nothing to
do with the lzkinratory worl proper, but are for
primary epideminlogicel analysis. The labora-
tory technician has been overloaded by this
paper work.

Under the prevailing conditions, the deferi-
aration of the tload filme bepine  doring
collection, transpartation and dekremoglolina-
tinn, even tefore they err stained.

For staining of blood slides, the Hatinnal
Malaria Eradication Programme (WMEP) uzes
the JEB method (Jaswant 5Singh and
Bhattackarji, 1944), in 3 modification described
by Jaswant Singh er @l (1953). The main merits
of the JER method 25 Jaswant Singh (1956)
pointed nut, is its low cost, easy preparation and
very fast staining. This method gives excellent
results when conducted properly. However, it is
better suited for a clinicat labaratory where {ast
staining is ecssential, than to epidemislageal .
work, Inthe iatter case, the high speed of etaining
becomes 2 disadvaniape as per the procedure iaid
down under the NMEP, the clides have to ba
stained one Ly one, which may be very time
consuming when a mass staining is required, In
such circnmstances (Giemsa staining which may
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go unattended for most of the time is much less
time-consuming. Because of the high speed of
staining, very careful timing is neceseary fo
obtain stable resultsin JEB staining. An under —
or over-exposure of, say, ten seconds, which ic af
no consequence in a2 slow method, may he
disastrous where JSB is concerned. It seems that
standard results may be obtained much easier
with Giemsa than with JSR.

Because of the lack of supervision, individual
technicians do not follow the technique exsetly.
The minst serious deviation is that the time
required for staining in JSB-I solution ic eeldom
measured sccurately. Laboratory techniciang
never adjpst their timing according to the
diminishing concentration of stain during the
course of the working day. Sometimes the same
amount of dihited stain is ueed for several days
without filtration. Another common deviation is
a failure to use the phosphate buffer salution.
Instead, water from arny source, often
coniaminated, is used, without any treatment, as
a rule. As a result, the chromatin of the malaria
parasites i¢ seldom properly differentiated, and
the microscnpic field contains a lot of micro-
organiems and miscellaneous dirt.

Thoungh normelly staining should be done within
one to two weeks after collestion, cases are
common where the transportation of the slides

- from the field is delayed and/or they are not
processed immediately after their having arrived
at the laboratory, In such casee the films often
become fized or are deteriorated by fungi and
baeateria.

As per the MMEP guidelines, 100 microscopic
fields of each slide chould brexamined. Parelyis
it being done. Usually, after caming across the
first few perasites the technicians declare the
slide positive and decide which species is
involved. They are compelled to act in this way
becatge of a tremendous Workload. 1t is not
unusual that a laharatory technician examines
73 and more slides a day, besides doing staining

and paperwork. On the other hand, if the slide is
tan bad to be examined, say, because the blood
has been washed eway or othervise destroyed,
and no parasites are in sight, the slide is always
deciared negative,

Sharteominer of th= crascecharking ryster

Nur study showed much kigher discrepaney rates

than the usual crosschecking does. Thie ic

hecanse the eross-checking has its own
limitations. The primary onc is probably thehad
quality of the slides— which makes their
examination very difficult even far an expert,

Further deterinration occurs during storape

{dust and fading, to which JSE stained clides are’
prane—Jaswant Singh, [956) which may

continue for many months before the glidez are

sent for cross-checking.

Another factor is that the primary disgnosis is
always known to the cross-checking technician
and he tends to agree with it, especially taking in
view the bad guality of the slides, :

The proceditre prescribes that slides for cross-
checking ore selected on the basis of the fast dipit
of their serial numbar, as communicated from
the crosschecking agency. Not uncommenty,
clever technicians re-exzmine slides befare
sending them, or just weed out slides which are
very bad or in which the technician is not sure :
about the diagnosis. :

Finally, in some places, some of the factore
mentioned in relation to the PHC laborataryare
operating on the level of the cross-checking
lakoratories, such as the poor conditinn of
microscopas, lu‘.aw warkload or ponr mper—

: \’ISIOR.

This study was organized in a quite different
way, compared with the ordinary cross-cherking
(Fig. 23, and many of the factors listed abave
could be neutralised. For example, the croes-
checking in our study was done in 2 blind way.
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Due ta the cross—checking on different fevels,
gnme of the shdes have been thoroughiy
- examined more than once which increased the
chances to detect law-level parasitaemia. On the
other hand, z probability of under-detection
could not L= completely excluded becruce a
stapdard quality of stzining conld not be
attained in every case, duec to the faalty
preparation of films and their detericration
_during dehaemoglobination and storing.

Peliehility of the epidemiolopice] indices
produced on the hasic of Izharetary deta

This study indicates that only a few laboratories
produce absolutely irrclevant resulis. In
prinziple. such laboratories may be easily
detected, since their recults would often disagree
with those of the neighbouring laboratories.
Often, the reasons for produvcing irrelevant
recults are self-evident. For exemple, in one of
the laboratories of Group J the *109 lens was
broken, and the technician was using »40 lens
plus his ‘clinical’ judgement, when pnssible,

It seems, however, that the effect of under-
detection of pnsitive cases is counterbalanced by
the tendency of producing {alse positive resuits,
which, as shown in Fig. 5 is stronger in situations
with, higher incidence. As a resnlt, a strong
carrelation exists hetween the true and recorded
SPR (Fig. 6) which means that, by and large, the
data of PHC lzboratories reflect the trends of
malariz and may be uvtilized, with some
reservations. The highest correletinn coefficient
was obtained wusing the power curve, which
means that lngacithms, rather than the actual
values of the irue and reported SPR are
cotrelated,

_ In individual cases, however, the probahility of
very serious diagnostic errors is very high, even
in relatively good laboratories. Therefore, it
would be wise to insist on administration of the
presumptive treatment to all fever cases
including those patients who agree to wait at the
institution till the examinatian is completed,

Conclusione end recasimend rrions

In Orissa, due to a number ol administrative and
financial problems, the efficiency of antimalaria
services is low, compared with the majority of the
states of India. The poor efficiency of the PHC
laborataries revealed by this study is one of the
many symptoms of unsatisfaciory development
of Primary Health Care in the state.

Only three laboratories are tocated m the area of
sensitivity above 800 and false positivity helow
0% (Fig. 3} which may be considered as a
tolerable level of errors, Three maore laboratories
are showing a sufficient level of sensitivity, but
also a high level of false positivity.

The question arises whether the decentralized
laborataries in such multi-problem areas as
Orissa areservingany useful purpose orthat they
have completely {aited. Our strong belief 15 that
decentralization of lahoratories is the only way
to make comprehensive laboratory services
available to everybody. This component of the
Primary Health Care should not be ahandoned.
but, on the contrary, it should be strengthened
and its functinns shauld be diversified.

The factors which are responsible for decreasing
efficiency of the laboratories are mostly poor
staining and poor mamienance of technical
equipment, which are uvsuallv rooted in poor
supervision. It scemy (hat these failures are
relatively easy to overcome, providing the
problems are identified and proper supervision is
established.

To improve the work of the PHC laboratories,
more consistent rapport should be maintained
between the technical pcople on the district leve!
and those in the Neld. }t may be recommended
that a leam copsisting of a few expenienced
labaratory technicians be provided in the district
to tour the PHCs spending a few days ineach and
doing the following:

(i) identifving problems concerning the
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equipment, specially microscope and the liphting
system,

i) if necessarsr, implementing simple im-
provements which may be done onthe spot, such
as tightening of the joints or cleaning of lenses;

fiii) identifying probléms regarding staining
and rectifying them;

{iv) checking on the diagnostic skills of the
technician vsing teaching slides with a known
diagnosis;

{v) consuiting on difficult slides.

it ynany cases, hesides the technical equipment,
‘he physical facilities in the fJaboratories will need
improvement, like provision of a separate room,
lurniture, or electric lighting. Regular supplies of
reagents and stationery are also essential. From
the zonalfstate level the supervision over the
DM lahoratory should include control of the
quality of the reagents which are sent by them 10
the field.

cvidence was obtained that cases of low
parasitaemia are very often missed hecause of an
incufficient examination time. In view of the
vhanged pattern  of jobs performed by a
iechnician, a revision of the existing workinad
rormatives may be recornmended. It 15 essential
also that the vacancies be filled and leave reserve
be arranged. In some areas, the number of posts
may be revised taking into consideration the
quantity of slides which are coilected. Asa result,
the number of technicians may be decreased in
non-endemic areas, but increased in mghly
malaricus hlocks.

Fitness of an incumbent to work as a
microscopist should be checked, and an
alternative job offered in cases of colour
blindness or similar disorders.

To improve the guality of the cross-checking
laboratories the following may be recom-
mended:

() primary diagnosis should not be knownto
the cross~checking techniciar;

(i1} slides ‘which are unfit for examination
should be rejected;

(3i) commenis on the quality of the films
should be sent, and not onlydiagnasis, as is heing
dane now;

{iv} slides for crosschecking should nor be
siored for Jong periods (1o overcome the eventual
fading of the JSB stained slides),

{v) feedbacks should be prompt.
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Field Trials on the Application of Expanded “oiyuivieie

(EPS) Beads in Mosquito Control

R.C.5NARMAL R.S. YADAY and V.P, SHARMA?

In laboratory experiments expanded polystyrene
(EPS) beads were Tound very effective in the
control of masquito breeding and they pre.vented
gravid females from laying egps on the EPS
treated water surface (Peiter, 1978; Sharma,
1924). This ic a repost of the remmits of
preliminary field trials on the control of
mosquito breeding in their natoral habitats using
EPS beads.

Trials weve carried out in Madiad 1aluka villages,
district K heda, Goiarat. The following sites were
selected: {i)a biogas plant, in the shurry around
the drum there was heavy breeding of Culex
quinauefasciatus nosquitoes, (ii) three
ahandoned wells in which there was heavy
breeding of Culer sp. mosquitoee, and (iii}two
septic tanks in which there was heavy breeding of
Culex mosquitoes. Before the start of the
experiment, anti-malaria staff of the Munieipal
department ireatad the
larvicidal ofl (M0, All immature stages of
masquitoes dicd. The EPS beads were applied |
week after MLO treatment to study whether the

Avcepted for publication: 17 September 1925,
3Aalariz Research Centre (ICMR)
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4alaria Research Centre (ICME)

22-Strm Math Marg

Delhi- 110 054, India.

septic tanks with

septic tanks would become posifive ;o juoegwilo
breeding in presence of EPS beads. No MLO was
anplied to the shurry of hiogas piant and the
wells.

EPS beads were weighed and applied manually
by hand at the rate of 50gm; [000cm? in the
biogas plant (5 to 6 Jayers of about 2.6cm
thickness), 20 and 8Sgm{100%cm? (te, Z2tn 3
layers of 1.0 cm and % 1o 10 layers of 4.4 em
thickness) in wells and  70gm [1000cm? in sepiic
tanks (6 to 7 layers of 3.6 cm thickness). The
density of immatures was measured inthe bingas
plant and septic tanks by a 3.5 em diameter
dipper and in wells by a 25 cm diameter weli net
by taking an average of 5 samples each time,
Ohservations an the density of immatures were
made on day @ {ollowed by weakly intervals upto
six weeks,

Pesults in biogas plant and wells are given in
Tahle 1, Breeding in the churey of hingas plant
and well-1 declined gradually and reached zero
level in the dth weer in bingas plant and in Sth
week in well-}. hercas in weli-IT and weil-171,
larval density reached zero in the second and {irst
weel respectively and remained at that level upto
the 6th weel post-treatment periad, it may be
noted that breeding, continued upto four and
five weeks post-treatment in sturry and in one of
the wells, This was unusual as the breeding
generally terminates in the first ones or fwo
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weeks, 1ML roeud onslty e aglenmdency
to stick jopether and these were being disturbed
by children. As a result breeding persisted for a
Inng time, however, educating the clildren
helped in keeping the layer intact on the shurry
and consequently the breeding was terminated.
In the case of well-l, some floating okjects and a
dead dog created a few spots where mosquito
breeding persisted, In other wells there was no
such disturbance. In the two septic tanks treated
with EPS beadc ane week after the application of
MLO, no epp rafts were laid by the mosquitoes.
These septic tanks remained negative for
mosquito breeding ard for egp rafts throughout
the six week period of observation.

Welle are ihe main sourse of mosquitn
production in many parts of India. In Dethi raral

areas, profuse  breeding  of  Culex
quinquefasciaius  occurs  in wells  while
occasionally  Anopheles  culicifecies  and

A.stephensi are alto encountered breeding in
wells {Sharma, 1985; Rao, 1924). In other parts
of the country such as in Salem and Hyderabad
A.stephensi hreeds mainly in wells and maintains
malaria transmission  throughout the year
Seetharaman er al., 1975: Batra and Pruben,
1979). Ginee EPS beads azve safe and one
application lacts for a very jong time, application
of EPS beads in wells can greatly reduce masquita
hreeding in wellc and, it ie hoped, would alto
reduce or eliminate disease transmission. Similar
application of EPE beade in septic tanks can
eliminate an impartant source of mosguito
breeding on & semi-permanent (o permanent
bagis. Pecentiy the Government of India has
placed considershle importance on alternative
enerpy sources, and inctallatinn of hingas plants
is one of the major areas recciving emphasis by
the Department of Non-conventional Energy
Snurces. Hawever, biogas plants gre bacoming
another source of masquito production in rural
areas beesuse the churry of these plants snpports

s w MO0 et g

Neavy Brecding O ek gailigieo foning s
are vectors of filanasis and the major nuisance
mosquito, The application of EPS beads on
slurry of the bicgas plants would eliminate this
important sovree of mosquito production, thos
improving the environment and reducing disease
tranemission. I 2 secent study, Curtis and
Minjas (1985) bave shown that the apphcation of
heads in sosbape pits and pi larines s an
effective methnd af mosquite control.

In view of the usefulness of EI'S beads in the
contrel of mosmquite breeding, more trials and
integration of beads in the non-insecticidal
methods of vecier control are envisaged in the
near future,
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Mosqguitaes of Mandla Distiwe, v

MEERY SIMGH! and BV NAGTATL?

The apening of the Regional Medical Research
Centre in 1975 in Jabalpurbythe Indian Counril
of Medical Pecearch provided ap opportunityto
study the entomological and epideminlogical
aspects of malana transmission  in  tribal
population: of this region. Mandla district was
selected for field work ag it has about 6045 trilbal
population.  Personal  discussions with  (he
District Malaria Officer and the wvillagers
revezled that malariz was ane of the major heaith
problems amaong the tribals. The area hay been
under DN spray for several vears now, and in
many tribai villages the incidence of malaria was
evtremely high. There was noinformatinn on the
mosquite fauna of the region. and insecticide
susceptibiliry tests were nol done. N was,
therefare, decided to study the mosquito fauna
of Mandla in the first instance. Results of this
study are reported in this paper.

Sandla dwiess 1as about | million population.
It has an Ar=a of 13257 =q. km and its adjoining
districts are Jabaipur, filaspur, Ghahdol and
Seant. Physical featsres of the district are mainly
rocky hills, dense forest with some plain arcas
and -nnumerable streams. Average ramfall

Arcepted for publication: § Movember §9%5,

‘Regionst Medical Research Centre for Tribals (ICMRY
Jebalpur Medical College

Jabelpur, India.

"Wataria Ressarch Centre (ICMR}

22-Sham Math Marg

Dethi-H14054, india.

VATEeS STOI 6 -+ wo Deal W Lmilowe bhe
Primary Healtiz eweies (P HO s divided i 3510
sections. Malaria incidence in {77 sections i3
more than 2 AP and there were sectinns with ag
high as 60 AP

Mosquito fauna suivevs were ecarmed out {rom ¥
fo 17 April VIS5 Masquito collections were
made from 53 villages of 13 PHOCY Mosquitoes
were colfented with the help of suetion ubetfrom
cattlesheds, human dwellings. mixed dwellings,
shrubs, other man-made structures and hots in
forest areas. All coliections were made either in
the maorping (54004700 hours) or in the evening
{1800-2009 hours), At teast 3 cattlesheds and 8
human dwellings were searched tharnughlv in
each village for acdult collections, Maosquitnes
biting man and catile were also collected in the
evening hours. In these villages larval surveys
were also done. Immatures were coliected from
ponds, rivers, streams, pools, pits and wells ete,
and held in cages until aduli emergence. All
mosguitaes were killed in ether and packed in
cetlophane paper. Mosquitoes were identified at
the RMRC, Jubalpur and identification was
confirmed at MR, Delhi using the kevs of
Christophers (1%933) and Barrand (1934} and the
catalog of Enigin and Stane €19771.

Table | gives details ol all mosquito colleetion, A
total of 11614 mosquitoes were collected (rom
the villages cither as adults or larvaefpupae,
Identification of mosquiloes revealed that the
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fauna o weauis LGDgnsee s 3 EENETA VIZ.,
() 11328 specimens of geaus Anopheles
consisting of 12 species, (ii}22 specimens of
genus Aedes comprised of 2 species, (iii) 15
specimens of genus Armigeres represented by
one species, (iv} 219 specimens of genus Culex
composed of 2 species, and (v} 30 specimens of
genus Maonsonia consisting of 2 species. It may
- be noted that ameonp anophelines, the most
prevalent species was 4nopheles culicifacies
comprising  79% collections  followed by
A.annularis and A.subpicius with 14.9% and
1.7% specimens respectively. Among  culicines
the most common mosquito was Culex
quinguefasciatus accounting for about 63%
specimens.

Larval surveys revealed heavy breeding of
anophelines in  Chakra river, pits and
intradomestic containers. These breeding siies
were commonly encountered in all the villages
surveyed. Tt is noteworthy to mention thatadults
of A.culicifacies and A.fluviatills and larvae of
A.culicifacies were found in tree holes in Orissa
for the first time (MNagpal and Sharma, 1985).
Tree hole breeding was not checked which may
be another important source of mosquitoes,
PBrcause of the forest in Mandia district, breeding
of malaria vectors in tree holes if present may
contribute  significantly to the mosquito
population in villages. The surveys also revealed
that in some areas the density of immaturesinthe
river;stream was very high i.e., several hundred
‘arvae per dip. Most of the mosquito larvae were
A.culicifacies. The two anopheline species viz.,
A.stephensi  and  d.varuna rteported by
Subramanian and Dixit (1948} from Nimar
district (M.P.) were not {ound in this survey.

The mosquito fauna of Mandls district
comprises of known malasia veclors viz.,
A.caficifacies, A fTuviatilis and A.philippinensis.
Although no vector incrimination studies were

(™

dnne, the most uboly veous wiss .. cuiicifgues,
The  densities  of  Ajfuvietilis  and
A.philippimensis were very low durning the
present survey. Those vectors may also play an
important role in malaria transmission if their
densities brcome significant. Tt is, thercfore,
important to monitor the densities of the vector
species in different structures, their breeding sites
and feeding preferences thrnughout the year to
provide base linc data for studies on the
epidemiology of malaria. These studies are being
initiated in tribal villages (Baiga tribe) with 2
view to evolve the strategy of the bin-
environmental control of malana in Mandla
distriet.
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Tree hole Breeding and Pesting of Mosquiioas w Hissa

B MAGPALY and V.P. SHARMA!

In India only 4 anopheline species wviz.,
- A.culiciformis,  A.Dborianensis,  A.asiaticus,
A.annandalei, A.annandalei var. djnjasancnsis
‘and A.sinrons were known to breed in tree holes
{iyengar, (929, Puri, 1931; Ran, 1984). But in
silfamily Culicinae and Toxarhynchitinae the
mosnuitoes of the following genera; Aedes,
Armigeres, Culex, Ficalbia, Harpogomyia,
“Herzmannia,  Orthopodomyia,  Tripteroides,
Uranotaetia and  Toxorhynchites were also
repnrted to breed intrec holes in India (Barraud,
1934; Chrisinphers, 1960; Ran et al, 1970
Shetty and Geevarghese, 1977; Panicker and
Pajagopalan, 1978). Apart  from these
maosquitoes, no other mosguilo species was
reported {from India as breeding in tree hnles.
During & recent survey of mosquito fauna in
QOrisea, tree hiole breeding and resting of adult
mosquitors vas ohserved in a few villages of
¥ oraput and Phulkani districts. Pesults of this
chservation are summarsed helow,

Fhe mosoguito survev was conducted in the
forest, plains and coastal arcas of Orissa between
December {984 and March 1985, The farests in
Orissa are mainly in Foraput, Phulbani,
Falghandi and Balangir distncis. During {he
routine surveys, search for the iree hole hreeding

Accepred for publication: 8 Movembey 1985,
tMalana Reseaxrch Centre (JCMP)
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and resting of masouitoes was .onduvica
IForaput and Photbani districts. Adults restingin
tree hales were colfected by suction tube, and
farvae with the help of a dipper or a pastcur
pipeite. The immatures collected Trom (rec holes
were held in the feld Jaboratary, piven larval
fand and allowed to emerge. Adult masguioss
were identified with the help of the keys of
Chnstophers €1933) and Barraud (1934} and the
catalog of Knight and Stone {(1977).

A total of 167 tree holes of Teak (Teciona
grandis), Saal (Shorea spp. ), Mango (Mangifera
indica), Peepal (Ficus refipiosa} and Banyan
(Ficus hbenghalensis) were seasched for breeding
and resting of masquitoes in 7 villages of
I-oraput and Phulbani distriets, Gut of these tree
hole hreeding was found in Dalimba and Subai
villages ol Koraput district, and Sahupada and
Trazakia villages of Phulhant district. A total of
20 tree holes were searched for mosquitn
breeding and resting. Of these 42 tree holes were
found positive far adult mosquitoes and 6 for the
farvae. Mo tree hole was found with adults and
larvae iogether. Adult collection vielded 235
resting mogauitoes, 1hese mosquiloes belonged
to penus Anopheles {3 mosquito species in 167
specimens), genus Crlex (2 mosquits species in
47 gpecimens) and genus Aedes (21 specimens of
ane species). In addition, 78 larvae of Anopheles
culicifacies and 17 larvae of Aedes aegypti were
collected from 6 trece holes, and these werz the
only two species found breeding in tree holes.
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Larvae us c.ctaicgacies wete collected from 4
tree holes in Dalimba village and onetrec holein
Subai village. In Dalimba village, one tree had
two holes, ane ecach was breeding for
A.culicifacies and A.aegypti. Deteils of the Jarva]
and adult collectiong are given in Table .

Tree holes with mosgeito breeding were either
perpendicular or parailel to the ground and their
size generally ranged from 10 to 25 cms
dizmeter. However, some of the trees (with
" diameter 0.5 to | meter) were rendered hollow by
patural circumstances. These hollow spaces were
also found to shelter adult mosquitoes.
A.culicifacies was the most common mosquito
resting in tree holes in tbree villages and
A.jeyporiensis in the fourth village (see Table 1).
Other anophelines collected were 9 A fluviarilis,
6 A.nigerrimus and 3 A.barbirostris.

This is the first report of the resting and/or
breeding of malaria vectors (viz., A.culicifacies
and A.fluviatilis} in tree holes in India. However,
collections of resting adults of A£.cuficlfacies in
tree holes in Anuradhapur (Sri Lanka) has been
reported by Burticker (1958). Studies are,
therefnre, indicated ta relate the epideminlogy of
maiaria with the exophilic populations of
A.culicifacies and A.fluviatilis in Orissa.
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Follow up Studies of Malaria Epidemic in Villages ot

. Shahjahanpur District, U.P,

V.P. SHARMAL R.F. CHANDRAHASY, BI. NAGPALf and DX, SPIVASTAVA

.During 1983 deaths occurred due to malaria in
32 villages of Shahjahanpur district (Negoyi and
.Tithar PHCs). Within three months (Aupust to
“October) there were 249 deaths in Negoyi PHC
and 96 deaths in Tithar PHC from all canses.
“Saon after the report of deaths, Malaria
. Research Centre (MRC) undertook epidemio-
logica! studics in eight affected villapges of Negoyi
_PHC. Studies revealed that despite intensive
antimslaris measures undertaken by the NMEP,
the slide positivity rate (SPR} in the fever survey
“wms 75.30% and P9 was 96.1. Results of blood
smear examination of the family members of the
deceased in 5 villages showed that out of 396
bload smearc collected, 214 were positive for
P.falciparum and 9 for P, vivex. Therefore, the
fikely cause of most of the deaths was falciparum
malaria (Chandrahas and Sharma, 19£3). This
wag (he situation of malaria when the villages
were spmyed with 3 rounds of BHC at 200

mg/m? in 1983, To prevent further deaths, the
Mational Malaria Ersdication [Programme
{(NMEP) undcriook additional malaria control
messuree in the affected villages by giving fever
radical -treatment (FRT) and mass radical
treatment (MRET) in the affected villages during
1983 and 1984,

Accepted for publication : 1§ Novembrr 1983
t\nlaria Regmarch Centre (ICMR}

22-Sham Nath Werg

Defhi- 110 054, Indis.

During 1984 FMEP further imensified anti-
melaria work in the affected viilages. This was
done by improving ihe spraying, surveillance
end drug distribution system. During 1924 a
special round of BHC was sprayed in March
followed by threc other rounds of BHC. A
similar spraying schedule is being followed in
1985. Antimalarial drugs were easily available in
villages through the drug distribution centres
and the fever treatment depots, Radical trest-
ment of the parasite positive cases was
administered mare effectively. The impact of
these measures was checked by the MRC during
1924 and 1985, Results of this study are brieflly
summarized below.

Paiasitological surveys were carried out in six

villages in September-October 1984 and in eight
villagesin May 1985 (Table J.). During 1984, 247
blood smears were collected from the fever cases,
Of these, 114 slides were positive for the malaria
parasite viz., 27 P. vivax and €7 P. falciparum.
The slide positivity rate (SPR) averaged 46.2
(range 31.5-65.4%)}. Mass blood survey was
carried out in 3590 popuistion during the same
period. A total of 1317 blood smears were:
collected. Of these, 88 blood smesrs were -
positive for P.vivax and 179 for P. falciparum.
The SPR was 20.3 and P{% was 67.0. During
May 1985 before the commencement of the
transmission season, 145 blood smears were
soliected from fever cases, Of these 57 were
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Tahte 1. Rrsolts of preesitolopics] surveys in Shahjrlwapur villeges
Period Villages filond smrars Plood smrars positive for the malarial parasite
Sirve allecied
urveyed ¢ Total Py P spP SFP

(i} Fever Survey

October 19£3* 10 s 28e " 273 75.3 724

Seprembey- & 247 114 7 27 46§

flotober (0F4

ey 1985 £ I45 57 L4 1 3 2,1
Vi) Atasy Bload Survey

Qctober 1985° 5 396 214 g 24 KL 51.5

Seprember— & 1317 w7 22 179 0.3 13.6

October 1974

“Chandrzhas and Sharme (1983), Indian J. Maloriol, I8 161-164,

positive for the malarial parasite ic., 34 for
P.vivax and 3 for Pfalciparum and the SPR was
39.3. Following the [983 epidemic, observations
during 1984 revealed that intensive antimalaria
measures were not effective in interrupting
iransmission and chservations during May 1985
confirmed that the parasite load in e
community was high with moderate to high
wector densities, and that any cignificant change
.1 the disease incidenne or its pattern is unlively
to occur. Under the circumstances a change in
ihe malaria control stratepy was warranted.

Fhe indonr resting collection conducted breiveen
26 September and 3 October 1984 yielded 952
anophelines, comprising four species i.e.,
Anopheles culicifacies, A. anmularis, A. subpictus
and A. oconitus. The per man hour density of 4.
culicifacies ranped from 2.5 to 16.3. Pyrethrom
space spray colleetion yielded 1691 anaphelines
and 15 Mansonie  mosquitoes. 4. svbpicius
(£2.47) and A. cwlicifacies (31.35%) formed bulk
of the collections. Of the 232 4. culicifacies
dissected in the fourth weet of September 1984,
nzturzl infectinn was found in one specimen. No
infection was found in 67 A. annularisand 134,
aconifus dissected.

Cytologicalezamination of 4.cuficifacies revealed
the prezence of sibiing species A and speeies B.
The propertion of sibling spacies B ranged fram
0.0% to 93.0% in different villages. I je
noteworthy to mention that in villages around
Dethi during September-Oatober the peoportion
of species B was ahout 40.0% during ths same
period (Subbarzo, 19584). Implications of these
ohservations are under investigation.

Inzecticide suscepuibility tests were carried out in
May 1925 with the {ield coliected A.culicifacies. -
Aduls were exposed to DDT (4.0%}and dicldrin
(0.4% and 4.0%) impregnated papers as
recommended by WHO. Results revealed that A,
ctlicifacies vas resistant to DT and dieldrin,
but the tevel of resistance to dieldrin was much
preater (Table 2). Based on the ingecticide
susceptibility test results it was clear that BDT
spraying would have produced much greater
impact on malafia transmission than BHC

SOraving.

The study revealed that malaria trangmicsion
continued uninterrupted in study villages even in’
the presence of antimalaria measures. Althovgh
there was considerable deop in the SPF and SfR
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Feizle 1. Svoceptibility of 4. cwficifaciers ta lnsecticides

Village Impregneied

Bqusure Maosquitaes Masquitons Correrted
papeTs prriod erposed desd muariality
{Nns.) (Mo )

Garha DT {4%) I hour W2 k) 5077
Dieldrin (0.475) t kowur 202 Q 1388
) Dieldsin {4.0%) 1 koure 0> 2 14 2777
Jahanpue DT (4%) 1 hour MNxi is 73.68
) Direddrin (0.4%) 1 hour 201 4 1578
Diebdrin {£.05) 2 hours W 2 3684

Mote : Susceptibility tests were done in May 1985,

in 1984 as compared to 1923 (i.e., SPR declined
from 75.31046.1 and SR from 72410352, the
parasite load in the community remained very
high. BHC spraying during 1984 may have
rednced vector densities, but the remaining
vector populations were high enough to restart
transrhission and maintain it at high levels. It
may be noted that malaria incidence remained
high in the community even after the administra-
tion 'of fever and mass radical treatments. There
was however reluciance on the part of some
villagers in taking the antimalarials. The
magsitude of this problem was not ascertained.
This may partly explain the prevalence of high
parasite rate in the community. The Shahjahanpur
episnde is of great importance in the present day
context of malara contrel, Malaria situstion
could have been tackled better by spraying DDT
instead of BHC. Complete interruption of
trantmission was only possible with the use of
replacement insecticides like maliathion, as was
done in Hacyana villages (Subbarao et al,
1984).4 more lasting solution to the problem of

malaria control would he to implement the
integrated disease vector control methodology
on Nadiad pattern (}4RPC Anpual Report, 1383«
£4)
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A Three Year Report of the Ma}ana Clinie i Haidwan,

Dletnct Mainital, TJ.P.

#4.5. MALHOTRAS, R.P. SHUFLA! and V.. SHARMA?

In late 1981, a malaria clinic was opened at the
field station of the Malaria Research Centre in
" Haldwani. This clinic started receiving & large

number of fever cases faor malaria test. A three
vear (1982-84) repart of the malaria incidence as
recorded at the malaria clinic js given helow,

Fever cescs for maleria test ceme from: (i)
Heidwani and Fathgodam which are in one
municipal limit comprising of about 20,000
population; (i) Fatehpur area. 2 group of 20
- villages situated about (0 kms from Haldwani;
" (i} Gola Par area, comprising of 20 villages
“settled along the river in about 25 kims; (iv)
 referred cases from civil and army hospital; and

(v) miscellancous cases which includes visitors,
gueste amd people from far-ofT villages of Bhabar
and Termi.

- Fever cases were first registered and information
on age, sex, name of the village, history of
inlaria, complaints of iliness and druge already
taken cte. were noted. Finger prick blood was
- collected from patients and a thick and thin
blood smear prepared, The blood smear was
stained with JSB and cxamined under the

Accepted for publicotion: 15 November 1985,

' Maleria Pesearch Centre {JCMR) Field Stxtion
Haldvwani-263 14§, Indir,

2 Mazlaria Research Centre (JCMR)
22-Sham Meth Marg
Dethi-t 10 G354, Indis.

‘microscope. At a routine, thm blood fitms (200
fields) were cxamined first. The negative clides
were confirmed by thick film (50 fields)
examination,

Puring 1282 and 1983 all malania coses were
given 600 mg chloroguine adult dose as
presumptive treatment and patients were advised
to take radical treatment from civil hospital.
During 1984 presumptive and radical treatment
was given by the etaff of WMEP deputed 10 the
clinic by the District Malaria Officer.

Table | gives month-wise data of malana
incidenne from January 1982 to December 1984
During 1982, 752 fever cases reported o the
clinic, and of these 337 were positive for the
majaria} parasite. There were 276 cases of
Pvivax, 54 of Pfalciparum and 7 mixed
(Pv+Pf) infeciions. The slide positivity rate
(SPR) and slide falciparum rate (S{R) was 44.8
and 8.1 respectively. During 1983, a totai of 6456
fever cases yeported to the clinic. Blood smear
examination revealed that 3023 caces were
positive for melaria ie., 1632 for P.vivax, 1293
for P falciparum and 9% mixed (Pv+Pf)
infections. The SPR and SR was 46.8 and 21.6
respeclively. During 1924, 14507 fever cases
reparted for malaria test, and of these 7885 cases
were positive for the malarial parasite i.c., 5493
P vivax, 2333 P foiciparum and 59 mixed
(Pv+Pf) infections. The SPR and SR was 54.4
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and 16.5, cuopuctiviay. THRERS wEd 4 ehindiora i
increase in malaria cases during the 3 yesr
perisd. One reason for the increase in malaria
cases from 1992 to 1984 could be the popularity
of malaria clinic because of the fact that the clinic
provides prompt snd correct disgnesis of
malaria. Also there was a considerable increase
in maleria in Bhabar and Tersi as substantiated
byotherstudies (Sharma er gl., 1983; Choudhury
“et gl, 1983). This was ziyo reflected in the
increase in SPE and SIR from 192210 1924. The
- incidence of malaria is axtremely high from the
onse of rains (il (he onset of extreme winter in
Jenuzry (see Table 1). A nntable feature of the
positive casec was that vivax malaria started
increasing from January aund graduelly reached
peak numbers in August followed by a gradue)
decline in the later months of the year.
Falciparum malaria suddeniy peaked in August
end remained at about the same level il
November-December and then declined to Jow
fumbers in January-Februery. .

Table 2 gives sex and &pewise split of ali malaria
positive cases for the 3 year period. It was
revealed that children upta | year age bad less
malaris as compared to ather groups. In children
of 1-5 age group there was considerable increase
in the incidence of malaria, hnt it was relatively
jess than the older ape pronps. In 2l nther ape
groups, the incidenot of malaria remained at
ahout the same level. Therc was also no
difference in the incidence of malaria in males

TrtalE o M- ta vtk

FRIT 2

) rAles, Study AISO revedicd e % o all
malaria ceser came  from Haldwani and
Kathgodam, 159 from Gola Par area, 7% from
Fatehpur area, 4% referred cases and 4% cases of
miseellancous arigin,

Haldwani is situated in Bhabar which is between
hills in the norih and Terai in the south. Before
the eradicatian of malaria Bhabar wag described
as the death trap of malaria (Phillips, 1924)and
surveys by Issaris er ol {1353) revealed extremely
high incidence of malaria in this region. Malaria
was nearly eradicated from Bhabar and Teraiin
early 1960 as a resullt of the spraying of
insecticides under the Hational Malaria Control’
Fradication Programme (NMCP/ NMEP). Asa
‘result there were vast developmental changes,
particwlarly in Terai and this region became an
important green revolution area of the country.
This follnwed a nariod of malana resurgence and
the situation in Bhabar and Terai has graduaily
assumed serious proportions. Itis also noteworthy
to mention that initially most of the malaria
cates were due to P vivax but during the Jast few
yeare P falciperum has increased tremendously
{Sharma er al., '923; 1984; Chondhury et al.,
1983; Malhotra ¢r 2/, 1985). This increase in
falciparum malaria was aleo substantiated by
the records of the malaria clinic. There is,
therefore, an urgent need to re-organize mala-
ria conirol operatians in this regton to protect
green revolusion areas from the ravages of
malaria.

Tebir 2. A pr anst rex-wice mretaris croer detentad ot the sosleris chinie,

P.5. Collacted

Age R.S. Positive SPR - SFR
(¥r3 Maie Female Male Female Male Female
<l 126 14 5 1618 30.61 260 14.29
-5 1360 297 a7 40,14 437 10.41 284
>5-10 21R3 630 GHE $1.43 5134 [5.5) 16.70
>10-15 2458 245 5B 57.60 59.23 20.59 19.37
51525 281 2755 M3 .21 35.35 18.5%8 [8.23
>28-50 723 2559 1195 56,32 53,20 17,78 1243
>50 - 976 199 174 61.2¢ 51.54 2.2 14.15

Nate: Three year date (Jan. {982 to Dec. 1984} as chown in Table 1,
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Essentiai Malariology by Leonard Jan Bruce Chwatt

VP SHARMA!

This tomprehensive treatise on malaria is
-authored by s renowned expert on malariology.
‘Written in simple lapguage, the boak offers a
wealth of information compiled from a larpe
number of journals, monographs and text
bonks. 1t would be of great value in teaching of
‘malariology, and malasiologists wonld benefit
immensely {rom its reading.

The contents of the book are presented in 1]

- chapters, apart from a selected bibliography and
7 useful appendices. Each chapter provides a
historical account and an update. Chapter | is
devoted to |historical outline of malaria,
important dates in the history of malaria and its
control. Chapter 2 deals with the classification of
Plasmodia, the life eycle, biology, biochemistry
and the in virro cultivation’ of the malarial
parasite. Chapter 3 deals with clinical course of

- malaria, primary attack and relapses. clinicel
pattern of the disease, {alciparum mafaria and its

" complications.vivax malaria and the pattern of
short and long term relapses, description of
malarie in children and pregnancy, imporied
malaria, transfusion malaria and therapeutic
mataria. Chaprer 4 provides » detailed account
of the pathclogical picture in various systems
and organs, Black water fever, an important
complication of falciparum malaria is described
in detsil including its epidemiology and clinical
picture.

Chapter 5 deals with the immunology of human
malaria. It provides comprebensive background

'Malaria Research Centre {ICMR)
22-Sham Nath Marg
" Dethi-110054, India.

information on immunoclogy, immunzation
against malaria, and imynunopathology. Also
included are the human genetic factors
responsible for innate resistance, and the gpleen
and its role in immune response. Chapter 6
provides a detailed account of the technique of
slide preparation for malaria {est, malara

. parasite identification in thick and thin films, an

elegant colour plate for the identification of the
species of (he maligia parasite. The chapter also
inclides serological tests with discussion on their
value as diagnostic methods. The anepheline
vectors of malaria are described in Chapter 7.
This chapter is very useful as it describes many
entomonlogical techpiques used in day to day
research. The epidemiology of malaria is
discussed in ‘chapter 8, including methods of
malariometric surveys, -seroepidemiology of
malaria, factors responsible for transmission and
quantitative epiderniology of malaria, It also
briefly summanses the spidemiological
characteristics of malaria in different regions of
the world. Chapier 9 on chemotherapy and
chemoprophylaxis provides a very useful update -
on various aspects of malaria treatment,
including antimalanial compounds in relation to

_ their selective action on different stages of the
- parasite’s life cycle. action of their structure

relationship, dosage, treatment of acute malaria,
drug resistance and its monitonng methods,
drug proteclion and adverse effects of tihw
antimatanals. The ratiopale and treatment of
malaria control ase dealt in chapier 10. Besides
the principles of malaria prevention and control, -
all methods of vector control are briefly
discussed with emphasis on environmental and -
hiological conmtrol. Ir describes. application
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- equipments and techniques of application,
insecticide resistance and status of resistance in
the world 2nd safe use of insecticides. The
contents of chapter 11 range from malaria
eradication to melasia controi, phasing of
programme to achieve cradication, the trends
and situstion of malaria in different regions of
the world and the fotnse prospects of malaria

 control and research.

The present book is the second edition which
reveals considerable improvement over the first
edition. However, an ohvious lacung in chapter
fi, relates to the JEB stain which is found (o be
very useful in Indis as it produces results
comparzble to those of Giemsa. Moreover, in
JSB-the staining time is much shorter and the

stain is being used extensivelyin the National
Malaria ‘Erpdication Programme in Indie. On
page 146, Fips. 7-14, the map of maliria vectore
given is incorrectand not updated. A.stephensiis
the vectar of urban malarie and at present 132
towns in India are under urban meiaria scheme,
Abalabacensis  (=dirus) is  not  chown,
A fluviarilis has much wider distribution srd
A sundaicus is now limited 1o Sunderbansand A
and M Islands (also on page 202 para 3 Jast 3
lines). Further, the deseription of A.culicifaries
sibling'spocies complex is &n important omission,
while. describing .Anopheles spreies complexes.

This edition has been published by William
Heinemann Medical Books Ltd., London, it
consists of 462 pagpes and is priced at £ 22.50,

Reproduced with permiesion fram fndian Journal of Medicol Regearch.



Historical noles on the
INDIAN JOURNAL OF MALARIOLOGY

In Augusi 1999, the Government of India
pointed out the necessity of a permanent
organization that would deal with problems

_conitected with malaria. Cansequent to this

_ recornmendation, a committee was constituted

for the study of malaria in India. The cammittes

decided to establish a Central Malaria Bureau at
¥asauli. The publication of a journai or bulletin
was also undertaken and the title Paludion was
gpproved by the commitiee.

Paludism was the first atiempt st disseminating
infarmation on malaria in India. The first
number came out in July 1910. It was initially
edited by Major S.P. James and later by S.F.
James and R.Christophers. Paludism was
published from 1910-1912 and & total of five
issves covered that perind. The scape of the
journal covered publication of routine reports on
the work of the committee which included
enquiries on epidemic malasia, the condifions
assacipted with endemic malaria, the ionomice
of anophelines 2nd stodics on quinine, Paludism
may be eonsidered to be the original precursor of
the Indian Journal of Malariology.

The vesr 1927 saw the constitution of the
Malaria Survey of India under the auspices of
the Indian Fesearch Fund Ascociation (now
Indian Council of Medical Research). The first
iesue of the Records of the Malaria Survey of
Indie was published in October 1929, The issue
consisted of a 200 pape bibliegraphy of malana
in Indiz by Major J.A,Sinton, Director of the
Malarie Survey of India. This monvmental
compilation included 2,200 papers—the record
of thirty years of research in melaria, spanning
the periad which elapsed sinee Sir Ronald Poss
made his famous discovery in 1898, it} 1927.
Many of the papers indexed in this bibliography
were valuahle notes unnpoticed or obecured

becauss they were published in local or

provincial publications. The bibliography is &=
chronatogical listing of these references which -

- have heen indexed in four ways ie., journel
. index,

author index, subject index and

geopraphical index.

The scape of this journal was wider than that of
Paludism, the guthors were predominantly
Englishmen with a few contributions by Indians.
This journal continued till 1938,

The Government of India in Dacember 1937
announced the take-aver of the Malaria Survey
aof India as regards its public health and advisory
funetions, and the name of the organization was
changed to the Jalaria Institute of India.

In March 1932 the name of the journal was
changed from the Records of the Malaria Survey
of India ta the Journal of the Malaria Institute of
India. This was published under the editorship of
11, Col. Covell (later Maj. Gen. Sir Gordon
Covell). At this stage the jonrnal was gradually
evolving into a publication of ever greater
significance and widening audience, also, the
circle of contributors had  expanded
considerably to include several sources outside
the Institute.

In 1943, the headquarters of the institute was
transferred from Fasauli to Delhi. The activitics,
gtaff and Duildings of the institute were also
greatly cxpanded.

Therefore, in 1947, the journal wag given the new
name of the mdian Journal of Malariology, an.
appellation that was more in.keeping with ite
wider scope and status. The editor of this journal
was Col. Jaswant Singh who became the first
Indian Director of the Malana Institute of India.
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The Indian Journal of Malariclogy was
rennwaed for s high standards at home and
abroad, For several years the journal served ag
the main organ for dissemingtion of information
snmalare 2nd ite control,

qu - result of the spectacular success of malaria
suntrol under the Mational Meladia Fradication
srogramme, malaria was nearly eradicated from
‘he country, and there were only about 109,000
cases and no deaths due (o malaria in 1965, A4
that time thers was a naturgl decline in research
an malaria, a5 2 result of which Col, Jaewant
Sinph announced the retirement of the /ndian
Journal of Maloriology. The last number of the

journal was published in December 1963 (Vo).
17, MNo.4).

n the walke of videspread resurgence of maiaria
in India, the Indian Council of {4edice] Fesearch
opened a2 new Institute in 1977 and named it
I.£alaria Pesearch Centre. By this time research -
in malariclogy was re-started at many centres in
the country. There was therefore a felt-need of 2
journalin malariolngy. Malania Rescarch Centre
revived the Indian Journal of Maleriology, as a .
hi-annual publication. The journal whick s
seing published under the editorship of Dr. V.P.
Sharma, Director of the Falaria Resezreh Centre
has now entered ite fifth year of publication.

—P. SHARMA
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MIOUBRTAL OF MALAPIGLAOGY

Instructions to Authors
(Revised June 1985)

: Edffmm Paolicy

The Indian Journal of Malariology is drvmed 16
the publication of oripinal research which
contributes significantly to the knowledge of any
field of maiariclogy. Papers of routine and
repetitive nature dealing with gross ohservations
may not be included. Articles will be published at
the editor’s discretion inthe order recepted. Date
of acceptance will he that date on which copy is
accepted in final form for putlication.
Manuscripts should be submntitted in triplicate to:

The Editor

Indian Jnurnai of Malarinlogy
‘Malaria Research Centre (ICMP)
22-Sham Wath Marg

Pethi—] 10 054, India.

. Cleseer of Hems Publiched
In addition 1o regular papers the journal
publishes short notes and invited review articles,
Rook reviews may be published at the end of the
journal.

Formet

The matter shouid be arranped in the following
order: Title, Name(s) nf the author(s) with
address of the Institutef iniversity (as fontnotes
and numbered serially in superscript), Abstract,
Introduction, Material and Methods, Pesuits,
Discussion, Acknowledgement and References.
Authore should provide a chort title to he nsed as
running titie, of not more than 3 words in case
the title of the paper is long.

Preperation of Capy
Manugeripts should be typewritten in English on
one side of ihe paper leaving 114 inch left-hand

margins, The entirc matter should be typed
double space including references, tables and
captions. Abstract, tsbles, references and
legends for illustrations should be typed on
separste sheets of paper. Pages are to be
numhered consecutively,

Tables should be placed singly on sheets of
paper, along with relevant headings and
{ootnntes. Tables should be self-explanatory and
referred to in the text, Designation of tables must
e with arabic pumeraic (e.g., 1, 2), avoid roman
numerals (e.p., |, 111 Do not use any horizontal -
or vertical lines in the body of the table,

Foornoies 16 the text shouid be avoided as far’
as possilic, parenthetical insertions are prefer-
able.

MMustrations shonld be sent in duplicate. All
illustrations including figures, photographs,
graphs and maps should be numbered
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A MEDICAL TELEWSION PROUJECT, the first of ite Kind in India end perheps: srnongst
the davalaning countries hes bean introduced with the approval of the Govermnment of
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