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Selection of Plasmodium yoelii nigeriensis Resistant to Triple
Drug combination (sulphadoxine/pyrimethamine/mefloquine)
and its Response to other Antimalarials

BINDUJA SHUKLA?, RENU BAJPAL® and GP. DUTTA?

A strain of P. yoelii nigerfensis was exposed 1o sub-curative doses of sulphadoxine 4 pyrimethamine +
mefloguine in Swiss Mice for 31 serial passages overa period of 464 days. The strain finzlly developed 16-fold
resistance tothis triple combination. The normal parasite was sensitive to a drug combination comprising of
sulphadoxine 0.156 mg/kg + pyrimethamine 0.0)56 mg/kg + mefloquine 0 0625 mgskg( x 4 day schedule)
while the sensitivity of resistant strain decreased substantially and it was susceptible to # combination of
suiphadoxine 2.5 mg/kg ~ pyrimethamine 0.25 mg/kg + meflaquine ! 0 mgskg ¢ » 4 day)

The resistant Jine also developed high level of cross-resistance to chleroquine, quinine and mefloquine, while
the sensitivity of the strain to pyrimethamine and sulphadoxine decreased slightly.

INTRODUCTION

Multiple drug resistant strains of P. falciparum
‘have appeared in several countries of the Scuth-
East Asia and Western Pacific region, while
chloroquine resistance is becoming widespread
in several countries including India, Africa and
Southern America. The hope of achieving eradi-
cation of P. falciparum in these countries has
received a setback, because of the emergence.of
drug resistant strains {Puri and Dutta, 1982,
Sharma, 1984). The major advance in chemo-
therapy of malaria during the last 25 years, was
the development of mefloguine as a powerful
blood schizontocide effective against multiple
drug-resistant strains of P. falciparum, and the
use of Fansidar (synergistic combination of

Accepred for publication: 29 February 1988,
1Central Drug Research lnstitute
Lucknow-226001, Endia.

sulphadoxine and pyrimethamine) against chio-
roquine resistant strains of P falciparum (Dober-
styn ¢t al., 1976). Efficacy of this combination to
control resistant P. falciparum is gradually de-
creasing as indicated by reports of Fansidar
resistance from Thailand Burma, Vietnam, Col-
ombia and Brazil (Hurwitz et al., 1981; Pinich-
pongse et al., 1982; Tin et af., 1982; Dixon et al.,
1982, Chongsuphajaisiddhi and Sabchareon,
1981; Eugeneeral., 1979; Eichenloub et al., 1983;
Timmermanns et al., 1982; Larry et al., 1979). A
combination of tetracycline and quinine was
found effective in the control of Fansidar re-
sistant cases (Puri and Dutta, 1982).

Subsequent studies showed that the cure rate of
quinine-tetracycline combination decreased to
57% in Kampuchean cases, suggesting a possi-
bility of emergence of quinine-tetracycline re-
sistance also. Today, the promising drug avail-
able for control of Fansidar as well as quinine-
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tetracycline resistant strains of P. falciparum is
mefloquine. Resistance of this drug has been
reported in a few clinical cases (Boudreau ef al.,
1982; Bygbjerg et af., 1983). Resistance against
mefloquine can be easily accomplished by experi-
mental manipulation among strains of rodent
malaria {(Kazim et al, 1979). The present stfldy
reports triple drug resistance (sulphadoxine +
pyrimethamine -+ mefloquine) in a strain of P,
Yyoelii nigeriensis.

MATERIAL AND METHODS

Swiss mice (20 + 1 gm) of either sex were infected
with P. yeelii nigeriensis using an inoculum of
1 x 107 parasitized red cells given by i/p route.
The parasitaemia was recorded daily after
Giemsa staining of the blood films.

The strain of P. yoelii nigeriensis was repeatedly
exposed to sub-curative doses of triple com-
bination of sulphadoxine + pyrimethamine +
mefloquine in increasing doses in 3] serial pas-
sages over a period of 464 days. The method-
ology for selection of resistant line was the same
as used earlier for the selection of mefloguine,
pyrimethamine and mefloquine-pyrimethamine
combined resistant lines of P. berghei in Swiss

mice (Kazim et al., 1979; Puri and Dutta, 1982;
Agarwal et al., 1979). The strain was tested for
level of resistance by exposing the resistant line
to various doses aof the triple combination (sul-
phadoxine, pyrimethamine and mefloquine).
The parasitaemia and survival of mice was
recorded upto 21 days. Sensitivity of the
resistant strain to other antimalarials such as
chlorogquine, quinine, mefloquine, pyrimeth-
amine and sulphadoxine was also investigated.

RESULTS

The normal strain of P. yoelii nigeriensis used
in this study has a low level of innate (natural)
resistance to chloroquine and mefloquine, their
MED in 4 days test, being 32 and 8 mg/kg re-
spectively. The MED of this strain for other
drugs is as follows: quinine 450mg/kg, amo-
diaquine 16 mg/kg and pyrimethamine, ! mg/kg
(Pande and Dutta, 1982).

The results of the development of resistance in P.
yoelii nigeriensis to triple drug combination are
presented in Table 1. The sensitivity of the strain
exposed to triple combination for 31 passages to
standard drugs was evaluated and the results
presented in Table 2 show that this strain

Table 1. Attempts to indoce resistance in P yoelii nigeriensic ta wiple combinntion of drags (sulphadoxioe + pyrimethamine
+ mefloquine) through 31 serial passages of straim in Swis mice

S.  Single dose drug exposure* Sarial Duration Parasitacmia in last passage
No. passages of
passage Day 4 Day 7 Day 10
{Days)
1. Sulphadoxine 0.1562 mgrkg 1-12 1-147 8166+ 1193 16 11673 882+ 832
Pyrimethamine 0.0156 mgskg
Mefloquine (0625 me/kg
2. Sutphadoxine 0.3125 mgrkg 13-19 148-309 233 + 2875 1833 +3656 19+ 17.572
Pyrimethamine 0.0312 mgrkg
Meflogquine 0.115 mgfkg
3 Sulphadoxine 0.615 mg/kg 20 3In-2I5 1225 +8.035 —ve —-ve
Pyrimethamine 00625 mg/kg
Meflogquine 0.25 markg
4. Sulphadoxine 1.5 mg/kp 21-31 316-429 533 + 1547 —ve —ve

Pyrimethamine 0 25 mg/kg

Mefoguine | meske

*Qral zdministration was single dose between day 3-7.
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had acquired resistance to chloroquine upto 16
mg/kg x 17 days or 64 mg/kg x 8 days, quinine
300 mg/kg x 7 days, mefloquine 128 mg/kg % 4
days. However, pyrimethamine 2 mg/kg x 4days
and sulphadoxine 1 mg/kgx 4 days showed
partial suppression of parasitaemia.

The response of original (sensitive) strain as well
as the strain exposed to triple combination
(sulphadoxine + pyrimethamine + mefloguine)
for 31 passages was also studied in 4 day test
(Table 3). The data shows that the original strain
was sensitive to a combination of 0.156 mg/kg
sulphadoxine +0.0156 mg/kg pyrnimethamine +
0.0625 mg/kg mefloguine, while the derived
strain acquired 16-fold resistance to triple
combination.

DISCUSSION

During last 15 years two powerful drug com-
binations have been used for the controf of
multiple resistant P. falciparum cases which
include the Fansidar and quinine-tetracycline
combination. Field reports show that large-scale
resistance to Fansidar was emerging in the field
and the quinine-tetracycline combination was
also becoming less effective in some areas (Hor-
witz et al , 1981; Pinichpongse et al , 1982; Tin et
al, 1982; Dixonetal, 1982; Bygbjergeral , 1983;
Biack er al, 1981; Chongsuphajaisiddhi and
Sabchareon, 1981; Eugene ef al,, 1979; Eichen-
loub ef al, 1983; Timmermanns et al, 1982;
Larry et al, 1979).

It is suspected that mefloguine, initially de-
veloped as blood schizontocide for control of
drug resistant falciparum strains, might not
maintain its efficacy in the field and resistance to
mefloquine may eventually develop if it is used
alone for the control of drug resistant strains of
falciparum. WHO (1984) has advised the use of
mefloguine in combination with Fansidar which
could possibly either prevent the emergence of
mefloquine resistance or significanly delay the
development of this resistance.

Present study reveals that Fansidar can not
protect the emergence of mefloquine resistance if

-both the drugs are used in sub-curative doses and

there is a need for caution to use mefloquine-
fansidar combination in field on a large-scale
against multiresistant strains of P. falciparum
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Isolation of different Erythrocytic Stages of Plasmodium
falciparum and Synchronization in Culture

S. BESWAS!, Q.B. SAXENA', A, ROY? and V.P. SHARMA!

Plasmodium falciparum in culture has a heterogeneous population of different stages. Erythrocytes which
harbour parasites have different densities; isolation of the various stages has been done by taking advant-
age of this difference. From healthy culture different stages were isolated by stepwise Percoll density gra-
dient method as 30, 45, 50 and 65 per cent. Purity of parasite preparations was checked by microscopic
examination. Parasitized erythrocytes having homogeneous stages were put for synchronous culture with 45
per cent Percoll top layer (45T) and pellet afier 65 per cent (65B) gradient. Parasitacmia of the culture was
maonitored aller every 24 hours. Synchronicity was maintained in both the sets upto 48 hours. Gradient was
repeated afler 48 hours 1o ‘fine tune’ the synchronization. Two sets of culture with 45T and 65B give more
yield of hemogeneous stages. No alteration of parasite viability at various stages could be detected.

INTRODULCTION

Extensive studies on the development of a malana
vaccineculminated by Prof. William Trager’ssuc-
cess in producing a continuous in virre culture of
P falciparum {Trager and Jensen, 1976). Growth
of P. falciparum in culture is asynchronous
and generally parasitaemia greater than 109} is
difficult te achieve. Extensive studies have been
done on the methods for enrichment of the
parasite stages, but none of these methods totally
purifies a particular intraerythrocytic stage (Jen-
sen, 1978, Mrema er al.,, 1979). Free merozoites
can be isolated from culture supernatant (David
et af., 1978; Tharavanij and Prasartsiriroj, 1981)
but they are of limited value in reintroducing into

Accepted for publication: 24 March 1988
1Malaria Research Centre (ICMR)
22-Sham Nath Marg
Delhi-110054, India.

culture because of their very brief extraerythro-
cytic viability. Synchronization of P. falciparum
erythrocytic stages in culture has successfully
been done by using 5% D-sorbitol in culture
medium (Lambros and Vanderberg, 1979} by
whtich only ring form parasites could be retained
due to the varying degree of lysis of infected
RBCs containing mature stages.

In the present study, an attempt has been made to
standardise a stepwise gradient of Percoll with
increasing concentraion for isolation of different
stages of parasites. Concentrations were taken as
30, 45, 50 and 65 per cent. Homogeneous stages
isolated by gradient method were taken for syn-
chronousculture. The utility of synchronous cul-
tures of P. falciparum includes quantitative studies
on the immunological, biochemical and phy-
siological differences among the various stages of

. development.
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MATERIAL AND METHODS

A single P. falciparum isolate FSI-M (F-
falciparum, $J-Shahjahanpur, M-MRC} from
Shahjahanpur, U.P,, India was adapted in vitro
and put for continuous culture as described by
Trager and Jensen (1976). Healthy culture having
parasitaemia above 5 per cent was taken for
Percoll density gradient. Ten per cent suspension
of RBCs was prepared with RPMI containing 15
per cent AB + serum.

Percoll was adjusted to iso-osmolarity with 1.5 M
PBS, pH 7.2 (S parts Percoll: ] part PBS).
Different concentrations as 30, 45, 50 and 65 per
cent were prepared for diluting the iso-osmolar
Percoll with 15 per cent serum coniaining me-
dium. Cell suspension was overlayed on to 30 per
cent Percoll and centrifuged at 2000 rpm for [5
mins. in cold. Top layer was aspirated and
washed twice with complete medium. Pellet was
washed and resuspended in medium (o make
109, suspension. In this way the suspension was
subjected to 43, 50 and 65 per cent gradient. Top
Percoll layer and bottom layer were collected
and checked for purity by microscopic exam-
ination. Parasitized erythrocytes having homo-
geneous preparation were put for synchronous
culture.

Synchronous culture was established with 45%,
Percoll top layer (45T) and pellet after 65%,
gradient (65B) by addition of normal A + eryth-,
rocytes with a starting inoculum of 0.5%; by the
candle jar technigue. Medium RPMI containing
15% AB + serum was supplemented with 0.1%;
glucose and 2 mM L-glutamine. Parasitaemia of
the culture was monitored after every 24 hours,
Synchronicity was maintained in both the sets
upto 48 hours. At this stage, culture from 45T set
was repeated for 459, Percoll gradient. New
culture was established with top layer which
maintained synchronicity upto 96 hours. Syn-
chronization was repeated with the 65B set also,
but no significant change has been observed.

RESULTS

Culture having healthy stages with parasitaemia
more than 5 per cent was considered for Percoll
gradient. Purity of the cell preparations after each
gradient was checked by microscopic exam-
ination (Table 1). After removal of free merozoites
and haemozoin pigments by 309, gradient a pure
population of schizonts was collected by 45%
(45T). Observations on culture samples initiated

Table 1. The parity of the various preparstions

Percoll Source of  Stages

gradient %, cells T/B

30 T Free merozoites and haemozoin
pigments

a5 T Schizonts

50 T Schizonts and late trophozoites

65 T Early and late trophozailes

65 B Rings, early trophozoiles

T—Toplayer. B —Pellet or Bottom layer

O Mng lorms

& Eney Trapharohe

A Lafts Trophasoie

4 Schizont

IR . Parosifnemic
100{ & -0
o
5
£ 801 N H g
& ) E
]
& sol .s'é
& @ §
sl
& t :
2 He &
20+ A 12
_._.__l_—'
o 24 ] n % rai] Wl
TIME IN HOURS

Fig. {: Development of P. faiciparum in culture introduc-

ing 45 per cent Percoll top layer {45T).
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with 45T taken afier every 24 hours are shown in
Fig. 1. Another culture set with 65 per cent
parasitized RBC pellet is shown in Fig. 2. In both

© Ring forms
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Fig. 3 Relative per cent distribution of P falciparum
stages after repeating synchronization with 45 per
cent top layer,

the sets synchronicity was observed upto 48 hours.
About 80% schizonts of 45T set at 48 hours were
harvested by 45%; Percoll and reintroduced in a
fresh set of culture. This repetition of the density
gradient at 45 per cent results in almost uniform
aged schizonts which in the fresh culture showed
synchronicity upto 96 hours (Fig. 3).

DISCUSSION

Isolation of infected erythrocytes from the blood
of experimental animals or from cultures has
been studied extensively by colloidal silica gra-
dient centrifugation (Reese er al., 1979). Meth-
ods for the enrichment of the parasite stages
have been developed but none of these methods
totally purifies a particular intraerythrocytic
stage (Jensen, 1978; Mrema er af, 1979}). Col-
loidal cushions of Percoll and Ficoll were used to
separate RBCs infected with P. yoelii and P.
berghei {rom uninfected RBCs. The best yield of
parasitized erythrocyltes was achieved using 55%,
Percoll when about 957 of the RBCs infected by
the late stages (late trophozoites and schizonis)
were recovered (Tosta ef al, 1980). Sdll this
enrichment was not of a homogeneous nature.
Recently, discontinuous gradients of Percoll as
30, 35,45 and 50 per cent were used to enrich the
various stages of P. vivax and P. gvale according
ta their densities (Andrysiak er al, 1986) which
showed that by manipulation of the concen-
trations of colloidal cushion, stages of various
densities could be achieved. Present study with
the stepwise gradient from lower to higher
concentrations has a number of advantages.
Firstly, removal of free merozoites, extracellutar
late stage parasites and haemozoin pigments
give a clarity in the culture and this particular
layer can be used as a source of antigen for
serological purposes. Secondly, slight increase in
Percoll concentration helps to isolate a healthy
population of schizonts which shows better
synchronous development. Thirdly,conventional
method for synchronization by treating the
culture with 5 per cent D-sorbitol has a lytic
effect towards the late stages, whereas by Percoll
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gradient all the stages can be kept viable and they
can grow normally. Lastly, two sets of culture
give more yield of synchronous stages which
permit quantitative studies on the immunologi-
cal, biochemical and physiological differences
among the various stages of development,
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Status of Natural Killer Activity in the Peripheral Blood of
P.vivax and P. falciparum Malaria Patients

Q.B. SAXENAY, S BISWAS' and VP, SHARMA?

Status of natural killer activity (NK) was studied in peripheral blood lymphocytes (PBL) of patients
suffering from Plasmodium falciparum and Plasmodium vivax malariz. The levels of NK activityin patients of
P. falciparum malaria were not significantly different from the NK levels in healthy controls. However, there
was & significant decrease in the levels of NK activity in patients suffering fromP. vivax malaria. Further the
decrease in NK activity in P. vivax cases could not be correlated with the age, sex and the degree of

patasitaemia of the blood donors.

INTRODUCTION

Natueal killer (NK) cells constitute one of the
several naturally occurring defence mechanisms
in the immune response. NK cells have been
known to play an important role in protection
against parasitic infections (Eugui and Allison,
1980) besides their role in spontaneously arising
tumors (Haller et al, 1977). NK cells may play an
important rele in conferring early resistance to
malaria in beige mutant mouse strain (Solomen er
al, 1985). Previous studies in human have shown
that the level of NK activity increases in children
with malaria (Emmanuel er af, 1981). In adults
no significant change in the NK activity between
normal individuals and individuals suffering
from acute malaria was observed. However, a
significant decline in the NK activity was noticed
during convalescent period in the same study
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(Chaicumpa ez al, 1982). Status of NK activity in
P. vivax malaria patients is not clearly known. In
the present study we have examined the levels of
NK activity in both P. vivax and P. falciparum
malarial cases and compared these with the
corresponding levels in healthy donors.

MATERIAL AND METHODS

Present study was carried out in blood specimen
obtained from Distt. Shahjahanpur, U.P. which is
a highly endemic area with a slide parasite rate
and slide falciparum rate of 75.87; and 11.4%
respectively during the study year. About 5 ml
samples of peripheral blood were collected asepti-
cally from either normal healthy individuals or
active malaria cases and broughtin ice to the Cen-
tre. Only those malaria patients were included in
the study who had no apparent symptoms of any
other discase. The diagnosis of malaria cases was
based upon elevated body temperature and the
presence of parasites in peripheral blood. PBL
were isolated from the heparinized blood samples
within 24 hrs of collection by Ficoll-Hypaque
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discontinuous gradient centrifugation, washed
three times and suspended in complete medium
(RPMI 1640 with 10%; FCS, 40 ug/mi of genta-
mycin and 20 mM HEPES) and used as the
effector cell preparation in NK assays. The K,
human erythromyeloid leukemia target cell line
was maintained in complete RPM! medium and
were labelled with *1Cr as described before
(Saxena et al., 1980).

Natural killer assay

Natural killer (NK) assays were carned out at
different effecior: target ratios using round
bottom microtitre plates as previously described
(Saxena et al., 1980). In brief 100 4l of effector
cell suspension and 100 ul of suspension of
Chromium-51 labelled target cells (105ml) were
placed in the round bottom wells of 96 well costar
plates. Plates were centrifuped at 500 rpm for 3
mins. and incubated for 4 hours at 37°C in
humidified atmosphere of 5%, CO,. At the end of
the experiment 100 uxl of supernatants were
removed from each well without disturbing the
pellets and the released Chromium-51 was coun-
ted in LKB Gamma counter. Base line release
(8R) of *'Cr was studied by incubating an equal
volume of medium instead of effector cells with
the labelled target cells. For estimating maximum
release (MR) of 'Cr, 1 » 10 labefled target cells
were suspended in 1.0 ml of distilled water and
after four hours incubation the radioactivity in
0.5 m! of supernatant was determined. Per-
centage specific lysis of target ceils was calcu-
lated by the following formula:

Test CPM —SR CPM

Per cent lysis =

RESULTS

NK activity of PBL derived from P. faiciparum am
P. vivax infected patients

Peripheralbloodlymphocytes(PBL)derived from
blood samples were tested for NK activity in a

standard 4 hour chromium release assay using
K, ,target cells. Blood samples froma total of |2
controls, 13 P. falciparwn and 41 P. vivax cases
were examined over a period of 4 months between
July to October 1986. Detailed resuits of these
assays are shown in Table 1. Values of targe: lysis
at effector: target ratios of 50:1 and 25:1 have
been given. In some cases, due to the lack of
suficient effector cells, the assays could only be
conducted at a single effector: target ratio. Values
of per cent parasitaemia in the blood samples are
also given. Mean NK activity + SD at each ET
ratio for each group of blood donors has been
shown in Fig. 1. These results show that there
is a 31379 (BT, 50:1) and 4435% (ET,
25:1) decline in the cytotoxic activity in PBL
derived from P. vivax patients as compared to
zontrol values. These declines are statistically
significant by non paired student’s t-test of signi-
ficance (p -<0.01). Mecan value for cytotoxic
activity in P. falciparumcasesis 18 785, (E:T, 50:1)
ang 3I0.0%, (ET, 251) lower as compared to
control levels but these do not represent signi-
ficant decline in the NK activity {(p >0.05).

We checked for a possible relationship between
the per cent parasitaemia and the levels of NK
activity in different blood samples from matanal
patients but no correlation could be found bhe-
tween these two parameters {r ==0.265 and 0.317
for P. vivax and P. falciparum samples respec-
tively). Significant difference could also not be

- found between the levels of NK activity in blood

samples from male and female donors.

MSCUSSION

In the present study we have assessed the levels of
NK activity in the peripheral blood lymphocytes
derived from maladal patients. Qur results in-
dicate that the mean NK activity in P. falciparum
blood samples was lower than control but the
decline was not statistically significant. A signi-
ficant decline in the NK activity could however be
demonstrated in P. vivax cases of malaria. It
should be noted that we tested a larger number of
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Table 1. Nateral klller activity is PBL of norma) sebjects and patients suffering from waalarin

13

Donor code Sex Status Parasitaemia Per cent lysis of K
No.
ET, 50:1 25:1
118 M Control — 18.5 12.5
119 M " — —— 30.5
126 M - — 54.0 385
128 M - e 289 7.0
132 M - —_ 300 19.5
136 M " — 520 41.0
140 M i — 50.0 310
143 M " — 2.0 150
14 F - — 200 13.0
150 M " — 21.0 —
160 F - — 220 27.5
164 M " — 520 an.5
173 F ‘ — HEY 60.0
110 M P. falciparum 0.2% R) 290 205
i F " 25% R —_ 119
[ M " 24% (R) 58.0 390
113 M - 2000 (R} 12.0 B6
114 M " 0055, (R} 278 18.8
16 M - 0.5%; (R) 455 280
£38 F - 0.05% (R) 355 240
139 M - 1.0% ®R) 23.0 145
14] M g 0.005% R) 98 B8
145 M " ND 3.0 145
169 M y 0%, (R) 115 00
172 F " 2.5% (R) 4.5 18.0
175 F " 0013 (R) fand 4.0
97 F F. vivax 1.5% (TSGR) —_ 14.0
98 F . 0.5% (ND) — 40
o9 M " 0.3% RTG) 170 14.0
100 M v 206, (ND) 120 18.0
102 F " 1.6Y% RTG) 36.0 170
103 F * 0.005% {G) 21.0 15.0
104 F " 1.05, RTSG) 14.0 7.0
i05 M * 0.2% (RG) 16.3 9710
106 F ” 0.5%; (RGS) 215 16.0
107 F - 0.5% (RT) 41.0 2715
109 F " 0.01%; (RG) 18.0 20.1
115 F . 1.0% (RTSG) 6.0 20
117 M ” ND L1RY W00
120 M " 0.1% RTY 12.5 4.5
121 M * 200, RTS 225 16.8
122 M * ND 10.0 4.5
123 F ’ 0.2% RT) 50 3o
124 F ‘ 0.001% (R) e 30.0
17 NK - ND 375 20
130 F * 0.05% R) 300 17.5
i34 " 0.1, ®T) 17.5 15.0
142 F * 0.02%, RS) 215 15.5
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Table 1. {Contd )

Donor code Sex Status Parasitaemnia Per cent lysis of K,

No.

ET, 501 251
145 M . ND | 125 7.5
147 F > 0.3% (RTG) 29.5 200
14% F * 0.005%; (RG) 19.5 12.0
151 F " 0.002% (R} 26.0 0.0
152 M . 0.5% (RTG) 180 4.0
53 M " 0.1% (RG) 335 180
154 . 0.2% (TSR) — 220
55 " 209 (R) — 370
156 NK - 0.0 (R) 20 40
158 M - ND 330 185
161 M - 6.001%; R) 412 iLa
162 M - ND — 1.5
163 M " ND — 19.0
65 M * 0.01% (RG) 3RS 300
167 F - 0.4% (RT)
168 F v ND — 60
176 F - ND 41.5 26,40
177 M - ND 240G 14.5

R =Ring form; T =Trophozoite; § =Schizont; G =Gumetocyte; ND = Not done

PERCENT LYSIS OF Kegy

Fig I

= &0
T
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(337
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EFFECTOR @ TARGET RATIO

Combined results of levels of natural kilter activity in the peripheral biood
lymphocytes of malarial patients and healthy donors. Experimental protocol
and individual values are given in Tabie |. Values in parentheses denote the
per cent inhibition as compared to control values * p <005 **'p <0.01.
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P. vivax samples (41 total) as compared to P.
Jalciparum samples (13 cases). It is not unlikely
that the declinein NK activity in Pf cases may also
turn out to be significant if a larger number of Pl
cases are examined. There are reports in literature
showing high (Emmanuel ez al, 1981) or signi-
ficant decline (Chaicumpa e al, 1982} in levels of
NK activity in Pf and Pv cases. It appears,
therefore, that even in the levels of NK activity
decline in Pf cases, quantitatively the decline is not
likely to be marked.

To our knowledge, this is the first report where
decline in the peripheral blood NK cell activity in
P. vivax infection has been demonstrated. Sam-
ple to sample variations in NK cell activities
were rather high in all groups of donors but this
is expected in human studies. Our own previous
results about the NK levels in human alcoholics
had shown similar variations (Saxena et al,
1980). In view of large variations, it is difficult to
assess whether the NK levels in a given PV blood
sample represent a significant decline. In order to
delineate the effect of malarial infection on the
status of NK cells in an individual one possible
way could be to follow the levels of blood NK
activity in a given subject during the course of the
disease. We have initiated such studies in mo-
nkeys and our injtial results indicate that if
monkeys are infected with P. cynomolgi, an
initial declinein NK levels is followed by a return
to normal levels in later parts of the infection
{unpublished data). In view of the monkey
results a part of the variability we have seen in
the NK levels in human malarial cases could be
due to the fact that the blood samples were
collected at different time points during the
course of infection.

The significance for the decline in blood NK levels
in malarial subjects is not clear. On the efferent
side of this phenomenon, a drop in NK activity
could be a pointer to the role of NK cells in
resistance to malarial parasite. For instance it is
possible that the NK cells may have been recruited

to the infection sites in liver or spleen resulting 1n
an apparent fall in blood levels of NK cells. This
possibility arises in view of our recent observation
indicating that the human NK cells can interact
with malarial parasites (manuscript in prepara-
tion). Decline in NK levels could also result from
non-specific stress associated with fever. These
possibilities would be further investigated in ani-
mal models. In the efferent side low levels of NK
activity in malaria may predispose an individual
to those infections in which NK cells have a
protective role.
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The Value of Spraying Cattlesheds in a Control Programme

M.A. ANSARD, VP. SHARMA, R K. RAZDAN!, CP. BATRA:and P.K. MITTAL"

Spraying of DDT was carried out in {i) houses and (i1) houses and cattlesheds in Muradnagar PHC, Distt.
Ghaziabad (U.P.). The main vector A, culicifacies is resistant to DDT and HCH in this region. The entire
PHC was divided into 4 zones of about 30 thousand population each. Villages of zone [ were held as contral
and sprayed by NMEP with HCH @ 200 mg/sq.m while in zone I 2nd [V only houses were sprayed with DDT
@ 1and 2 gm/sq.m respectively. Inzone I DDT was sprayed @ 1 gm/sq.m in both cattlesheds and houses.
Results of the comparative studies revealed that spraying the houses alone or houses and catilesheds did not
produce any significant difference in either the reduction in vector density or the transmission of malaria.
The impact of spraying DDT @ 1gm or 2 gm/sq.m also produced non-sighificant results. The study brought
out the importance of spraying the houses alone and that spraying of cattiesheds is not necessary in a contral

programine.

INTRODUCTION

DDT is still the insecticide of choice to interrupt
malaria transmission in the country, although A,
culicifacies, the vector responsible for mosti rural
and peri-urban malaria transmission has de-
veloped various levels of resistance to it. At
present DDT is sprayed in about 210 million
population and in about 110 million population
where A. culicifacies has become highly resistant
toc DDT, HCH is sprayed, and in about 22
million population with high degree of DDT and
HCH resistance malathion is sprayed. Change of
insecticide from DDT to any other suitable
replacement insecticide is very expensive and
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mosquitoes have the inherent characteristic to
develop multiple resistance. Use of replacement
insecticide should, therefore, be avoided in
favour of DDT as long as it interrupts trans-
mission to acceptable levels.

Under the modified plan of operation (MPO) of
the National Malana Eradication Programme
{NMEP) all sections (about 14,000 popuiation)
showing 2 or more API are sprayed to interrupt
transmission. Spraying is targeted to achieve
maximtim coverage, but in the field it has been
observed that the spraying coverage achiev-
ed is far below the expected levels of > 90%.
Further most refusals to spraying are Tor houses
and not the cattlesheds. The spraying of cat-
tlesheds may result in natural deviation of mos-
quito populations towards houses which may in
fact enhance man-mosquito contact. Since MPO
is a control and not eradication programme,
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spraying of houses alone and not the cattlesheds
may be a more suitable strategy, provided the level
of malaria control achieved remains at the same
levels as would normally be achieved by spraying
all the structures t.e., houses and cattlesheds. This
strategy would not only save insecticides and
labour but may also repel mosquitoes from houses
towards the cattlesheds thus reducing man-mos-
quito contact. This may be particularly suitable
for A. culicifacies which is basically a zooophilic
species.

MATERJAL AND METHODS

Muradnagar primary health cenire (PHC) of
Ghaziabad distt, (UP) was selected for the
study. In thisPHC about 1.14 lakh people live in
57 villages and the remaining 0.02 lakh in one
town. The area of PHC is about 220 sq. kms of
which aboul 16 heciares s irrigated through
canals, tubewells and wells. The main crops are
wheat, maize, rice and millets. Spraying of DDT
was discontinued 1 1977 and since then HCH
was being sprayed during the transmission sea-
son (Junc -October). This PHC was taken up for
feld study for a period of ong year from April
1985 10 May 1980,

The PHC was divided into four zones, each com-
prising of about 28000 population. Zone | was
held as contrel. For ethical considerations it was
not possible to leave the control arca unsprayed
and therefore in this area HCH (3 rounds (@ 200

mg/m?) was sprayed by the NMEP. Villages of
zones 1L, 111 and IV were sprayed with 2 rounds
of DDT (509, WP) supplied by the NMEP but
sprayed under the supervision of MRC staff. In
zone H DDT was sprayed @ 1 gm/m? in-houses
only In zone Il houses and cattlesheds were
sprayed with DDT @; ] gm/m?. In zone IV DDT
was sprayed in houses only @ 2 gm/m?. While
spraying the discharge rate was maintained at
=750 mli40 stroke per min. using the stirrup
pumps. In each zone, 5 villages, roughly equidis-
tant [rom cach other were selected for monitor-
ing the entomological and epidémiological in-
dices. Indoor vector density was monitored using
a suction tube during dawn in houses and
cattlesheds. Data of all villages in cach zane was
pooled and averaged for each month to calculate
per man hour density. Door to door active
surveillance was maintained by the project staff
on'weekly basis threughout the study period. All
fever cases werc given presumptive treatment
(600 mg chloroquine adult dose} and radical
treatment was admimistered 1o malana cases
within 48 hours which compnsed of 600 mg
chloroquine. ln addition, for P. vivax casecs
15 mg primaquine duily for 3 days and for P.
Jalciparum cases 45 mg primaquine single dose
were given. Children were given proportionately
tow dosages and pregnant women were not given
primaquine.

[nsecticide susceptibility tests were carried out by
exposing field collected gravid A culicifacies to

Table 1. Results of insecticide suscepiibility tests of 4. cuficifacies before spraying

Muradnagar PHT DDT 45, {} hour)

Dieldrin 4%, ¢! hour) Malathion 5% (1 hour)

villages [ .+ ———— —— .. J—
No. exposed Y corrected Nuo. exposed %, corrected No. exposed % corrected
muortality mortality martahity
Suthari 20 50 — - —
Kaithwan 0 178 20 329 — —
Manoli 0 0.0 0 0 i [0
Miluk Rawii 10 50 10 10 — -
Asalat Nagar 20 ”R — — 20 {00
Nabipur k] 391 10 kX — -
Total 10 an.: 70 131 40 100
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DDT (4%) dieldrin (4%) and malathion (5°%))
impregnated papers for one hour with concurrent
controls. Mortality was recorded 24 hrs post
exposure.

RESULTS AND DISCUSSION

Table 1 gives the result of insecticide susceptibility
tests before starting the experiments. Exposure of
A. culicifacies to DDT (4%) and dieldrin (4%}
papers produced 40.2%; (range 27.8-50%;) and
13.19; (0-38.9%) mortality respectively. There
was 100% mortality in adults exposed to mal-
athion (5%) A. culicifaces was fully susceptible to
malathion but resistant to DDT and dieldrin. The
level of resistance to dieldrin was higher than
DDT which may be the result of several years of
HCH spraying in these villages.

The spraying coverage is given in Table 2. In
control area {zone I} coverage of human dwelling
and cattlesheds varied from 76-87% and room
coverage in houses was between 62-68%,. In
contrast spraying coverage in human dwellings
was better in the experimental zones and in both
the rounds it was =907/, the room coverage was
also better i.e., 70-86% whereas coverage in the
cattleshed in zone 111 was aboult the same as in
the control zone.

Table 3 gives monthly per man hour density of 4.
culicifacies. Pre-spray density of A. culicifacies in
April was comparable in all the 4 zones. The first
round of HCH spraying was started in May
(zone l)whilespraying commenced in June in the
remaining 3 zones. The density of 4. culicifacies
remained at about the same level upto June and
started to increase afterwards in zone I attaining
peak in August despite HCH spraying. A. culici-
Jacies densities did not increase to such high levels
in any of the DDT sprayed zones, although A.
culicifacies densities were considerably high in
 cattlesheds as compared to houses in all the zones.
Statistical analysis (t-test) for the months June
to October i.c., transmission period showed that
the differences in MHD in zone 11 was significant

ascompared to zone I even at 19/ level while it was
significantat 5 and 10% level with zone Il and IV
respectively, showing thereby the DDT spraying
inzonell, IlIand IV wassuperiortozonelheld as
HCH sprayed control. 4. culicifacies densities in
zone Iland IIli.e., where housesalone and hous-
es and cattiesheds were sprayed showed non-
significant results even at 109 level. It was,
therefore, clear that DDT spraying in houses @
1 gm/m2produced comparabie results in terms of
the reduction of A. culicifacies populations when
compared to spraying the houses and cattlesheds.
There was however significant difference in zone
ITand 1V at 5% leveli.e., | gm DDT/m?spraying
was slightly superior to 2 gm/m? dosage. This may
be due to normal variation in the vector popu-
lations in the two zones or due to [ow coverage of
rooms in zone 1V {Fable 2).

Results of parasitological monitoring of the in-
cidence of malaria are given in Table 4. The
annual blood examination rate (ABER) in zones 1
to 1V was 15.0, 10.3, 9.7 and 11.9 respectively. In
comparison to control there was significant re-
duction in SPR in all the 3 DDT sprayed zones but
the differences within the DDT sprayed zones
were not significant. Simiar results were ob-
tained, when slide falciparum rate (SfR) or total
malaria cases or P. falciparum cases per thousand
population in the experimental areas were com-
pared with the control area. There was no differ-
ence in cither spraying the houses and cattleshed
or the houses alone with 1 or 2 gm/sq. m DDT.
Statistical validation (t-test) was done at 5% level
of significance during transmission months,
for SPR and cases/1000 from (June-October)
and for SfR and P{/1000 from (September—
November) it was done at 1%, and 10% level
respectively. It may be pointed out that our
comparison area zone 1 was sprayed with HCH
by the NMEP and, therefore, it would have
interrupted some transmission but still SPR, SfR
and cases per 1000 population were very high. If
the control area was held as unsprayed, the
impact of DDT spraying possibly would have
become very much pronounced.
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It has been observed in the field that refusals to
spraying are mainly in regard to houses and not
the cattlesheds and, therefore, if all cattlesheds
and some houses are sprayed then A. culicifacies
which is basically a zoophilic vector would be
repelled from cattlesheds towards houses which
may in turn increase man mosquito contact. The
field experiments for one year have clearly shown
that spraying the cattlesheds does not produce
any enhanced impact either on reduction in
disease transmission or on the vector densities,
and in fact improved coverage of houses alone
yielded better results in zone Il which was
sprayed with DDT @ 1 gm/m2.

In maleria control pregramme spraying of DDT
is preferred because it has the lowest cost per
million coverage 1.e., 34 lakhs against 37 with
HCH and 199 with malathion (Sharma and
Sharma, 1986). Sharma et af. (1982; 1986), de-
monstrated that spraying of DDT in areas where
A. culicifacies was resistant to DDT and HCH,
reduces the vector densities and malaria trans-
mission. Tt was later discovered that one reason
for this phenomenon was that among the sympat-
ric populations of sibling species A and B, species
A was more susceptible to DDT than B, and
species A was an efficient vector of malaria in
Loni PHC of Distt. Ghaziabad, U.P. (Subbarao
et al., 1988a; 1988b). It would, therefore, make
economic sense to spray DDT in houses alone as
long as it produces desired epidemiological im-
pact on transmission. This would also result in
savings of insecticides, operational cost and may
also produce some zooprophylaxis effect on
transmission.
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Cryopreserved Human Erythrocytes for in vitro
Cultivation of Plasmodium falciparum

H. SRINIVASA?®, SAM JAYANTH SAMUEL! and M J. SEBASTIAN!

Fresh human erythrocytes are the best medium for in vitro culture of malaria parasites. However, fresh
healthy blood is pot always readily available, so ctyopreserved erylhrocytes were used for cultivation of £
Jalciparum in vitro. Cryopreserved RBCs compared well with refrigerated RBCs as regards the parasite
count at peak parasitaemia. Refrigerated cells hacmolysed rapidly after 28 days of culture whereas
crynpreserved RBCs continued to supporn good parasite growth,

The only disadvantage noted was [ragility and increased lysis of the cryapreserved cells which can be

overcome by washing.

INTRODUCTION

The in vitro cultivation of P. falciparum by the
petri dishcandle jar technique of Trager and
Jensen (1976) opened a new dimension in malana
research. Studies on parasite metabolism, immu-
nology, biochemistry and pharmacology hitherto
not feasible have been made possible by this. The
candle jar method, though simple, still relies on a
continuous supply of human serum and eryth-
rocytes from healthy voluntary bloed donors and
this is a limitation. In the last decade many
attempts have been made to substitute human
with animal sera or replace it with defined
- constituents. These have been partially successful
{Trigg, 1985). However, not much emphasis has
been given to improving the erythrocyte com-
- ponent. Erythrocytes stored in Alsever’s at 4°C

Accepred for publication: 4 May 1988,
'Department of Microbiclogy
§t. John's Medical College
Bangalore-560034, India.

support invitro culture of P. falciparum upto three
weeks only (Trager and Jensen, 1976). Since a
continuous supply of fresh erythrocytes of the
desired blood group which also supports good
parasite growth is not always possible, the present
study was carried out to determine if cryopre-
served erythrocytes could serve as an alterna-
tive to refrigerated erythrocytes for in virro culti-
vation of P. falciparum.

MATERIAL AND METHODS
Isolate

FCK-2 a local isolate of P. falciparum being
maintained by continuous in vitro culture (Trager
and Jensen, 1976) using human ‘O’ erythrocytes
and human "0’ serum, was used.

Erythrocytes

Erythrocytes from a voluntary human donor of
the blood group O’ was collected in Alsever’s
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solution. Aliquots were made and after sterility

tests which lasted for seven days, a few were

stored at 4°C (refrigerated erythrocytes) and the

remaining were cryopreserved in liquid nitrogen -

employing the rapid freezing technique (Bhat and
Srinivasa, 1985). These erythrocytes were labelled
as cryopreserved erythrocytes. When required the
aliquots were thawed for use by a modification of
Trager's method (Bhat and Gupta, 1981).

In vitro culture of P. falciparum in refrigerated
erythrocytes

Experiment |

The P. falciparum infected erythrocytes from
continuous culture at the height of parasitaemia
were subcultured to reduce the parasitaemia to
around 9, using seven day old refrigerated
erythrocytes. Medium was changed daily till day 4
after which the experiment was terminated. In
order to determine parasitaemia, smear prepara-
ons of infected erythrocytes was done daily and
stained by JSB method (Jaswant Singh, 1956).

Experiments 2-6
Five more experiments were done using P. falci-

parum infected erythrocytes derived from con-
tinuous culture. The protocol followed was same

as described above, but the ages of refrigerated
erythrocytes used for subculture were different in
cach experiment. The ages of erythrocytes used
for the successive experiments were respectively 7,
14, 21, 28, 42 and 57 days.

In vitro culture of P. falciparum in cryopreserved
erythrocytes

A total of six experiments were conducted with P,
Jalciparum derived from continuous in vitre cul-
ture as the initial source of inoculum. The pro-
tocols were similar to the ones using refrigerated
erythrocytes except that cryopreserved eryth-
rocytes were used for subculture instead of re-
frigerated erythrocytes.

RESULTS AND DISCUSSION

In the initial phase of the study, the cryopreserved
erythrocytes could be readily differentiated from
refrigerated erythrocyies by their smaller size and
crenated appearance in the smear preparations.
These types of erythrocytes contained healthy
parasites in different stages thereby demonstrat-
ing that parasites indeed invaded these eryth-
rocytes. The mean parasitaemia obtained on the
third and fourth day of each experiment with
ctyopreserved erythrocytes generally correlated
well with that obtained using refrigerated eryth-

Table 1. In vitro culture of P. falciparum; Mean parasitsemias obtained nsing refrigersted and cryopreserved haman ‘Q*

erythrocytes
Erythrocytes
Experiment Refrigerated Cryopreserved
No.
Ape Mean parasitaemia Age Mean parasitaemia
(Days) Day 3 Day 4 (Days) Day 3* Day 4*

1 7 59 2 o 15 32
2 4 12.2 6 7 53 9.1
3 2 34 59 14 36 6.6
4 28 3o a7 H 2.5 55
5 42 ERY 64 k] 74 10.3
6 57 5.3 6.5 50 9.8 167

* Refers to day after cach subculture —see text for further details.
** Seven day old refrigerated erythrocyles were cryopreserved, thawed and used on the same day—day ‘0",
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rocytes. In experiment No. 2 using refrigerated
erythrocytes the peak parasitaemia was reached
as early as day 3 whereas in the case of cryopre-
served erythrocyles, the peak count was observed
on the fourth day. Among the six experiments the
maximum parasitaemia obtained with refrig-
erated erythrocytes was 12.2% and with cryo-
preserved erythrocytes it was 16,75 (Table 1).

Althoughtherefrigerated erythrocyteswhichwere
older than 28 days supported parasite growth,
they progressively haemolysed—a feature
which was marked in the sixth experiment. In
contrast the cryopreserved erythrocytes con-
tinued to support parasite growth throughout
with good yield of parasites. The parasitaemia
obtained in the last two experiments namely
experiment No. 5 and 6 were better with cryopre-
served erythrocytes when compared with refrig-
erated erythrocytes.

Recent research highlights the importance of
erythrocytes in successful in vitro cultivation of P,
Jalciparum. All types of human erythrocytes are
not uniformly amenable for P. jfalciparum  n-
vasion and growth. Certain factors associated
with haemoglobin type, presence of vital enzymes
and membrane characteristics are crucial in this
regard (Trigg, 1985). Human erythrocytes En (a-)
that lack glycophorin, Tn and Cad erythrocytes,
Thalassemic erythrocytes in homozygous and
heterozygous states and G-6-PD deficient eryth-
rocytes are relatively resistant to parasite growth
(WHO, 1987, Brockelman et al, 1987, Tnge,
1985). Hence, fresh human erythrocytes which
support parasite growth can be cryopreserved in
aliquots for use at a later date for short
term/continuous cuitivation of P. falciparum This
procedure would be an effective alternative to
erythrocytes stored by the conventional method.
It will be interesting to extend this method of
cryopreservation of bicod rnich in young

erythrocytes/reticulocytes for short term culture
of P. vivax.

A minor disadvantage that was noted was the
increased fragility of thawed erythrocytes with
resultant lysis of quite a few cells, but this can be
overcome by several washes before using for
culture,
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Stabilization of Plasmodium knowlesi Antigen for

Seroepidemiology of malaria

S.K. SAXENA! apd GP. DUTTA!

Frozen malaria antigens used by earlier workers for seroepidemiology of human malaria, were not stable
because of the autolysis of the antigenic proteins during storage, and they could not be stored in celf-free
conditions at 4° or — 10°C. High level of proteases have been reported in the parasite which could be
responsiblé for deterioration of the antigenic proteins. Therefore, cell-free P. knowlesi schizont antigen was
stored at 4°C in (he presence of different protease inhibitors and the antigenicity was monitored at different
intervals using indirect haemagglutination test. Pepstatin and phenyl methyl sulphony! fluoride (PMSF)
were able to stabilize the antigenic reactjvity of the extract for & period upto 30 days ascompared to soybean
trypsin inhibitor which failed to stabilize the antigen. P. knowlesi antigen thus could be stahilized by the

addition of specific protease inhibitors.

INTRODUCTION

The serological evalvation of malaria field sam-
ples by indirect haemagglutination (IHA) test
requires stable malaria antigen which should have
long shelfdife. The deterioration of antigenic
proteins on storage can adversely affect the IHA
test and it is impossible to use the same batch of
antigen for screening large number of sera sam-
ples. The major drawback of frozen antigen used
byearlierworkers, wasthelability of malaria anti-
gen and the loss of antigenicity, if stored at room
temperature or even at — 10°C.

Rogerseral (1968) reported the labile nature of P.
knowlesi antigen when stored even at —70°C and
its antigenicity was reported to gradually di-

Accepted for publicarion: 6 May 1988,
'Division of Microbiology

Central Drug Research Institute
- Lucknow-226001, India.

minish over a period of three months, while the
cell-free extract of this antigen was reported to
lose its antigenicity within two weeks of storage at
—70°C. At 4°C, this preparation deteriorated
within three days due to autolysis. Meuwissen et
al (1972) have also reported the deterioration of
frozen antigen at —70°C.

The stability of the complement fixing antigens
over a longer period of time was achieved by
D’Antonio et al. (1966). These workers in-
corporated purified polyvinyl pyrollodone (PVP)
in the antigenic preparation and then lyophilized
it. Kagan (1972), however, failed to reproduce
the results using PVP. ’

The unstability of antigen might be due to the
autolytic degradation of antigenic proteins. The
presence of proteases and peptidases in the ma-
larial parasites has already been documented
(Banyal et af, 1981, Dutta and Banyal, 1981;
Gyanget al., 1982; Kaushal eral., 1983; Hempel-
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mann and Wilsen, 1980; Sherman and Tanig-
oshi, 1983; Vanderjagt et al., 1986). Endogenous
proteases and other hydrolases might also be the
cause of deterioration of antigens. In the present
study, protease inhibitors were incorporated in
the cell-free P. knowlesi antigen and its anti-
genicity as shown by IHA test was monitored at
intervals upto 30 days.

MATERIAL AND METHODS
Preparation of cell-free extract

P. knowlesi schizont antigen was purified as
reported by Dutta and Nath (1986) using Ficoll-
Hypaque gradient followed by saponin lysis. The
parasite preparation was homogenized by soni-
cation and the homogenate was centrifuged at
8000g for 15 mins. in refrigerated centrifuge and
the supernatant {cell-free extract) was aspirated
and used asantigen. Proteir wasmonitored by the
method of Lowry e al. (1951) and the volume of
the extract was adjusted in such a way that 100 i
of the extract contained 296 ug of protein (0.2 ml
of extract of lyophilized' antigen also contains
296 ug of protein in 100 4l).

Storage of cell-free extract (antigen)

Cell-lree extract was dispensed in 35 sterile vials
(I mlin each vial). Five vials were used ascontrols
in which noinhibitor wasadded. In another 30 vi-
als different protease inhibitors were incorporat-
ed. For each inhibitor, a set of 10 vials was used, 5
containing 25 g and five with 50 ug of inhibitors.
Before incubation one vial of control sample and
six with inhibitors (25 pg and S0 ug respectively
of three inhibitors) were taken out and THA test
for the optimum dilution was carried out. Rest of
the vials were stored at 4°C.

Day schedules for storage

Each set of vials containing controls and in-
hibitors which were stored for 4,8,15 and 30 days
respectively, were tested for antigenicity by the
THA test.

INDIAN ). MALARIOL, YOL. 25, JUNE 1988

IHA Test

[HA test was carried out essentially as described
by Dutta et al (1986). For determining the opti-
mum antigen concentration 0,50,100 and 200
Hl of cell-free extract were used to sensitize 2 ml of
fixed and tanned human ‘O’ group erythrocytes.
The test was performed using a battery of two
reference malaria positive sera and one negative
serum.

RESULTS

Optimurmn concentration of cell-free P. knowlesi
antigen (without inhibitors) for JHA test was
found to be 100 4l. Antibody assay results showed
decrease of ttre from 32 and 64 on day O tonil and
4 on day 30, when the antigen was stored at 4°C
(Table 1).

Tables 2.3 and 4 show the results of [HA test with
cell-free antigen stored in presence of protease
inhibitors [pepstatin, phenyl methyl sulphonyl
fluoride (PMSF) and soybean trypsin inhibitor
(STI}] upto 30 days. Two of the inhibitors
{pepstatin and PMSF) have been found to prevent
the deterioration of the antigen at 4°C. Fifty
pe/ml ol pepstatin was able to stabilise the
antigen to a large extent upto 30 days (Table 2).
Similar results were obtained in presence of PMSF
except that this inhibitor proved to be more
effective and it stabilized the cell-free antigen even
at 25 ug concentration.

Soybean trypsin inhibitor (STI) failed to stabilize
the antigen at both 25 pgg and 50 gg per ml
concentrations, The antigenicity was reduced to
half on day 4 and to one fourth on day i5
(Table 4).

DISCUSSION

The indirect haemagglutination test with frozen
antigens, has been extensively applied for the
seroepidemiology of malaria (Mahajan er al,
1981; Agarwal et al, 1981; 1982). The sensitivity
of the test depends upon several factors such as
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the type of carrier cells, stabilization of carrier red
cells as well as the stability of antigen used for
sensitizing the cells. Rogers ef al. (1968%) have
reported the unstable nature of P knowlesi anti-
gen and its antigenic reactivity deteriorated after
three months of storage at —70°C while the cell-
free extract of the antigen was found stable only
upto three days.

Proteases are the protein degrading enzymes and
antigenic deterioration might be due to the autn-
lytic digestion of antigenic protein. Different
protease inhibitors have been selectively used in
this study to block the proteolytic enzyme activity
which could probably prevent the antigenic decay.
In order to prove the hypothesis, pepstatin an
inhibitor of cathepsin D {(Umezawa er af, 1970),
phenyl methyl sulphonyl fluoride and soybean
trypsin inhibitor for alkaline proteases, were
added to the cell-free antigen (P. knowiesi extract)
and stored at 4°C.

The optimum antigen concentration determi-
nation was performed in IHA test to see whether
inhibitors had any statlizing effect on the antigen
as shown by optimum concentration of antigen
required for sensitization of red cells, as well as
antibody assay with reference positive sera. It was
observed that when the cell-free antigen was
stabilized by inhibitors, optimum antigen con-
centration remained the same even after storage
at 4°C for 30 days (100 ul or 296 ug). Results
suggested that PMSF was most active of the three
inhibitors used, while soybean trypsin inhibitor
was leasl effective.

inhibitor studies show that both acid and al-
kaline proteases seem 1o be responsible for
autolysis as indicated by the stabilizing effects of
pepstatin —an inhibitor of acid proteases and
PMSF —an inhibitor of alkaline proteases. This
study shows that proteolytic enzymes are the
major cause of autolysis of antigen which may be
stopped by the addition of combination of
protease inhibitors of both acid and alkaline
range.

ACKNOWLEDGEMENTS

The authors are indebted to Dr. M. M. Dhar,
Director, CDRI for continued support and en-
couragement. This investigation was carned out
during the tenure of [CMR sponsored project
“Bulk production of malaria antigen
seroepidemiology of human malaria™ under Dr.
GP. Dutta and one of the authors (SKS) was
supported by a Research Fellowship under the
same. The rescarch support received from the
Direclor-General, Indian Council of Medical
Rescarch is gratefully acknowledged.

for

REFERENCES

I, Agarwal, 55, P. Sharma, A. Nath, 1 K. Srivastava, ).
Rai and G.P. Dutta (i1981) [ndircet haemagglutination
and indirect flusrescent antibody test for human malara
using P krowlesi antigen. fndian J Malariof . [8: 6771,

I Apgarwal 55 A Nath,P Sharma, LK. Srivastava SR
Dwivedi, R L. Yadava and G P. Dutta (1982). Seroepi-
demiclogy of human malana. Indirect haemapgluti-
nation test usang P krowlesi antigen. fndian £ Mo
fariol, 1% 21-25

3 Banyal HS, ¥ C Pandey and G.P. Dutta (1981} Acrd
hydrolases of merozoites and other eryth rocytic stages af
P knowlesi fndian J Med Res, 73 (Suppl}. 55-62

4 D'Antone, LIL A LD Yon Doenhoff Jr.and E.H Fife
Jro (1966) A new method tor isolation and fraction-
ation ol complement fixing antigens from P &k nawlesi
Proc. Sor. Exp Biol Med, 123 30-34,

5 Dutta, G P oand HS. Banyal (i981). fn vitro suscepti-
hility of erythrocytes of Preshytis enteflus to P knowlesi
and the blocking of merozaite invasion process by certain
protease inhibitors Jadion 1 Exp. Biol, 1%: 9-11

6. Dutla, G P and A. Nath (1986). Preparation of majaria
antigens: 1. Protocol for bulk preparation of lyophilized
P knowlesi antigen. In Technology for seroepidemiology
af human malaria (CDRI Publication): 4-14.

7. Dutta, G P, QZ Hussain, R.C. Mahajan and 8§85,
Aghrwal {198¢). Protocols for IHA test: [ICMR Multi-
centric studies on seraepidemiology of human malaria:
Protocol for indirect haemapglutination test. In Fech-
nology for seroepidemiology of human malaria (CDR],
Puhlication). 27-13.

8. Gyang, F.N, B Paole and W. Trager (1982). Peptidases
from P. folripann cullured in vitro. Mol Biochem
Parasitol . 8: 263273,

9. Hempelmann, E. and R.J. M. Wilson (1980). Endopep-
tidases for P. knowlesi Parasitol, 80 323-330.



R

10.

11

12.

* INDIAN J. MALARIOL., YOL. 25, JUNE 1988

Kagan, LG. (1972). Malana: Seroepidemiology and
serologic diagnosis. Exp. Parasitol, 31: 126-135.
Kaushal, D.C, R. Carter, R.J. Howard and F.M.
McAuliffe (1983). Characterization of antigens of mos-
quite midgut stages of P. gallinacenmn. 1. Zygote surface
antigens. Mol Biochem Parasitol, B: 53-69

Lowry, O.H,, N.J. Rostbrough, AL. Farr and R.J.
Randall (1951). Protein measurement with Folin-Phenol
reagent. J Biol. Chem, 193: 265-275.

Mahajan, R.C., N.K. Ganguly, M. Thadani, N. Gill and
R.E. Chandnani (1981). Comparison of ELISA with
THA and IFA tests in malaria. Indian J Med Res., T
874-879.

Meuwissen, JH.E. Th, ADEM. Lecuwenberg and
G.E. Molkenkamp (1972). Studies on the various aspects

15

of indirect haemagglutination test for malaria. Buil
WHO, 46 T

Rogers, WA, Ir,, JA. Fried and L.G. Kagan (1968). A
modified indirect micro-haemagglutination test for ma-
laria. American J Trop Med Hyg., 17: 804809
Sherman, I.W. and L. Tanigoshi {1983). Purification
of P. lophurae cathepsin D and its effects on erythrocyte
membrane protein. Mol Biochem. Parasitol., 8: 207-226.
Umezawa, H,, T. Aoyagi, M. Harnada and T. Takeuchi
(1970). Chymostatin, a new chymotrypsin inhibitor
produced by actinomycetes. J Anribiotics, I3: 425-427.
Vanderjagt, D.L., LA. Hunsaker and N.M. Campos
{1986). Characterization of a haemoglobin-degrading
low molecular weight protease from P. faleiparum Mol
Biochem. Parasitol, 18: 389400,



Indian Journal of Malariology
Vol. 25, June 1988, pp. 33-39.

Fractionation of Plasmodium knowlesi Antigen for
Seroepidemiology of Human Malaria by

THA test

SK. SAXENA! V.C. PANDEY! and GP. DUTTA!

Practically very litlic work has been done on the fractionation of erythrocyte stage antigens of malaria
patasite for the serology of human malaria. In order o improve sensitivity, crude P. knowlesi antigen was
fractionated by the conventional method of purification, by ammonium sulphate saturation followed by ion
exchange chromatography. Seven fractions obtained by this procedure were compared for their antigenic
reactivity in IHA test using reference positive serum. The purified antigen {raction (¥) gave optimum
sensitization of glutaraldehyde fixed sheep RBC with one twenty lourth the sensitizing dose of antigen as

campared to crude antigen.

Human ‘O’ RBC sensilized with the fraction V antigen also gave very good performance in IHA test with

field sera.

INTRODUCTION

Various antigens have been tried for seroepi-
demiological studi¢s on human malaria by in-
direct haemagglutination test which include P.
vivax, P. failciparum, P. knowlesi, P. cynomolgi, P.
fieldi. P. innui and P. coatneyi Out of these P,
vivax and P, falciparum antigens are contidered
superior for serology of malaria because of their
higher sensitivity (WHO, 1974) Though simian
antigens have been used for seroepidemioclogy by
several investigators, their sensitivity is con-
sidered to be lower than the homologous anti-
gens. Since P knowlesi schizont antigen can be
produced in bulk in lyophilized form under
existing conditions, Indian investigators have

Accepted for publication: 7 May 1988
'Division of Microbiology and Biochemisiry
Central Drug Research Institute
Lucknow-226001, India.

preferred to use this simian malaria antigen for
multicentric studies (Dutta and Nath, [986).
There is still a need to improve the sensitivity and
specificity of P. knowlesi antigen for IHA test,
which can probably be achieved by the fraction-
ation of c¢rude antigen.

In arder to imprave the sensitivity and specifi-
city of the IHA system various attempts have been
made by earlier investigators to partially purify
the antigenic material from the parasitized eryth-
rocyte lysate. Mahoney er al. {1966) and Rogers
et gl (1968) fractionated crude P. knowlesi and
P. falciparum antigen and reported an increased
sensitivity and specificity of the fractionated
antigen for the THA test. Sadun e7 al. (1969) and
McAlister (1972) carried aut fractionation of the
lysate of P. falciparum parasitised erylhrocytes
using DEAE-Sephadex column and found that
the active antigenic fraction could work at higher
dilution and gave better specificity than the



34 INDIAN J. MALARIOL, VOL. 25, JUNE 1988

crude antigen in both IHA and soluble antigen
fluorescent antibody test (SAFA). Wellde e al
(1969) made a detailed {ractionation study on F.
berghei and P. falciparum antigens from the
lysates of infected erythrocytes by gel filtration
and DEAE-Sephadex ion exchange chromato-
graphy and reported improved sensitivity of one
of the fractions.

In the present study the partially purified P,
knowfest antigen wus [ractionated by conven-
tional methods of purification and results of s
¢fficacy in the THA test are described in this
study.

MATERIAL AND METHODS
Preparsation of 2ntigen

The schizont antigen of P. knowlesi was prepared
according to the protocol reporied by Dutta and
Nath (1986).

Fractionation of antigen

The cell-free parasite preparation was homoge-
nized in prechilled triple distilled water using
Potter-I:lvejham homogemzer at 4 C and centri-
fuged in the cold to remove cellular debns. The
supernatant thus obtained was subjected o 0-
30%, ammonium sulphate {{NH,)},50 ] frac-
tionation. The cell-free antigen and ammonium
sulphate solutions were mixed slowly in cold and
kept avernight at 4 C. The (NH,),50, saturated
preparation was centrifuged in cold and the
supernatamnt was further subjected to 30-80%;
(NH ),50, saturation under the same con-
ditions as above. The precipitate obtained was
suspended in buffer (tris-HC1 0.1 M, pH 7.5} and
dialysed against the buffer ull free from
{NH)),50,.

Ion exchange chromatography

The dialysed preparation was applied on a
DEAE<ellulose column (12 ¥ 1.5 <m) pre-
equilibrated with eluting buffer (tris-HCE 0.1 M,
pH 7.5). The elution was carried out using
different sodium chloride gradients in tris-HCI
buffer. Ten tubes of each fraction of § mi volume
were collected. All the operations were carried
out in cold conditions. The protein concen-
tration of the different fractions was monitored
at 280 nm and colorimetrically at 620 nm using
the method of Lowry er al (1951).

[HA (indirect haemagglutination) test

The fractions with maximum protein con-
tents were pooled, dialysed against eluting bufTer
and finally against triple distilled water and
subsequently subjected to lyophilization. The
different lyophilized antigenic fractions were
tested for their suitability for THA test using
human "O" + red blood cells as well as sheep red
blood cells for sensitization, and reference ma-
larna positive and negative sera were used for
antigen titration according to the ICMR multi-
centric study protocol for IHA test (Dutta er al.,
1986).

Serum titres were expressed as the reciprocal of
the highest serum ddution giving complete ag-
glutinations and optimal antigen concentration
was determined on the basis of 1007, aggluti-
nation. The test was performed using microtitre
plates.

RESULTS

Fractionation of P. knowfesi antipen revealed
that mechanical homogenization is an effective
procedure for maximum solubilization of the
antigen. The nuclear [raction did not show
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Fig. - Elation patiern of fractions abtained with DEAE<ellulose ion-exchange
chromatography of P. knowlesi antigen.

antigenic reactivity in 1HA test when the stabi-
lized sheep RBC were sensitized with this frac-
tion (Tables 1-2). The ammonium sulphate salt
fractionation did not interfere with the anti-
genicity of the fractions and the maximum
antigenicity was found in 30-80% ammonium
sulphate precipitated protein using JHA test
against reference positive serum (Table 2).

The DEAE-<column chromatography (elution
with NaCl stepwise gradient) revealed the pre-
sence of seven peaks. Fig. 1 shows the re-
solution of protein peaks with P. knowlesi The
protein eluted by 0.3M NaCl gradient in fraction
V showed maximum protein content as well as
maximum antigenicity when tested by THA test.
Although other fractions were also found to be
antigenic by FHA test, their antigenic reactivity
was of low order as compared to fraction V
(Table 3}.

Tuble 1. Protein recovery of malariz antigen from cotumn

Total protein at the siart 146159 mg
of fractionation

Protein recovered:

In 30-80% Ammonium sulphate 27.60 mg
saturated fraction

Pratein loaded on DEAE-Cellulose 20670 mg
column

Pratein recovered in different fractions

Buffer 2.436 mg

0.05M NaCl 1.449 mg

0.1M NaCl F.255 mp

0.2M NaCl 3.66) mg

0.3M NaCl 6231 mg

0.4M MNaCl 1.548 mg

0.5M NaCl 0.529 mg

Protein recovered: 17111 mg

Recovery 82.78%
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In addition to being active antigenically, this
fraction V also showed a very low optimum
sensitizing dose for reactivity in the 1HA test
(12.50 yg per 2 ml} with {ixed and tanned sheep
erythrocytes (Table 3).

DISCLSSION

Intact infected erythrocyte lysate was used as a
source of antigen for THA test as well as Tor
SAFA and complement fixation tests by earlier
workers. Davis (1948) isolated complement fix-
ing antigens of P. knowlesi infected erythrocytes
while Mahoney er al. (1966), Wellde er af. (1969),
Rogerseral (1968} and McAlister (1972} utilized
the lysates of intected erythrocytes of P, knowlesi
or its fractions for THA test. Sadun er al. (1969:
1970) employed the fractionated malaria antigen
for IHA and SAFA tests. Antigen produced by
the euarhier workers was highly contaminated
with the host haemoglobin. None of these anti-
gens had been evaluated earlier for Nield studies
on seroepidemiology of malania. For the present
study, P. knowlesi schizont antigen was first
parbally purified by Ficoll-Hypaque gradient
and then subjected to saponin lysis to remove
host cell haemoglobin followed by repeated
washing The purified schizont antigen thus ob-
tained was subjected to ammonium sulphate
(30-80%) precipitaion and DEAE-column
fractionation.

Further studies with DEAE-cellulose fraction-
ation have shown that fraction V shows high
antigenicity for IHA test. This fraction which
was cluted by the 0.3M sodium chioride gra-
dient, showed maximum IHA titres with the
malaria positive sera. Moreover, the optimum
sensitizing concentration of this antigen was
found Lo be only 12.50 ug in comparison with the
296 ug of protein used in routine THA test
performed with the homogenized extract of the
saponin lysed P. knowlesi crude antigen. This
result indicates 24-fold punfication of the crude
antigen.

In order to assess the applicability of fraction V
in field studies, a comparative evaiuation was
made usingcrude and fraction V antigensin IHA
test. The samples screened were post-monsoon
filter paper elutes from Calcutta (Table 4). The
present study has established the high sensitivity
of this antigen (fraction V} as indicated by higher
GMRT in the random collection of the sera
which were screened with human "0’ cells for
IHA test. Results showed that titres in general
were one or lwo steps lower with crude antigen.
The study emphasizes that fractionated antigen
of P. knowlesi seems to be superior for seroepi-
demiology.
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Malaria Outbreak in Kundam biock, District Jabalpur (M.P.)

NELRU SINGH!, VP SHARMAZ M M. SHUKLA' and GYAN CHAND?

An outbreak of malaria was investigated in 1987 in Kundam block of Jabalpur district (MP.). [n these
villages 4 rounds of HCH spraying lollowed by intensive surveillance and one round of fever radical
treatment (FRT)and mass radical treatment (MR T) was not effective in suppressing P. fafcipdrum epidemic.
A culicifacies, A. fluviarifis and A. @nnularis densities remained high and so did the SPR (70%) and pi%,
t60-100). The need to apply a suvitable replacement insecticide in ¢onjunction with environmental
modifications as a long term control strategy is suggested.

INTRODUCTION

A field station of the science and technology
project in mission mode on the integratéd vector
control of malaria is operating in Mandla dis-
trict since 1986. The project is aimed at studying
the feasibility of the integrated vector control of
malaria in tribal villages situated in hilly and
inaccessible terrain. During routine field work
high fever rate and occasional deaths were
reported from villages located outside the expen-
mental areas. Preliminary enquiries revealed
that malaria was rampant in this area and
insecticidal spraying and drug distribution had
been intensified by the state health authorities.
Subsequently our Centre was requested by the
Health Department, Government of Madhya

Accepted for publication: 26 May 1988,
Malaria Research Centre (Field Station)
RMRC, Jabalpur Medical College
Jabalpur-482003, India.
2Malaria Research Centre (ICMR)
22-8ham Nath Marg
Delhi-110054, India.

Pradesh to investigate the epidemic. Systeriatic
entomological and epidemiological investi-
gations were taken up in two groups of villages
i.., sprayed with HCH and unsprayed. Results
of this study are reported below.

MATERIAL AND METHODS

The study area included villages of Kundam
block, District Jabalpur, M.P. The block has 193
villages with a population of about 84,000, 705,
of which belong to Gond tribe. The study area
has mostly rocky and undulating terrain with
thick forests. Most of the villages are located
near streams and remain cut off from other
villages during the rainy season. Houses are
made of bamboo walls mud plastered on both
sides, with little or no ventilation and vsvally
with an attached cattleshed. The villages
have innumerable mosquito breeding sites such
as streams, rocky pools, borrow pits, rice fields,
wells, seepage and rain water collections etc.
Besides this, during 1987 there was heavy rainfail
in late August—September which created vast
areas for mosquito breeding.
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Table 1. Malaris incidence in Kandam PHC

Year Blood slide Positive Species ABER API
examined
Py Pf Mix
1984 6739 129 66 63 — 71 1.0
1985 6420 164 71 7] I 6.8 0.
1986 7559 156 63 93 — 7.4 0.1
1987 21510 4680 109] 3535 54 2.7 47.23

Source: Health Department (NMEFP), M P.

Table 2. Sectionwise malaris indices of study arens in Kandam PHC

Sections Population ABER APl
1987 1986 1985 1987 1986 1985
Jhiriya 5665 29.5 2.1 I.6 128 0 0
Chauraj 5025 55.0 1.9 0.7 232 2.4 4.1
Jamgaon 5403 290 4.5 12 lag 03 09
Piparia 5300 14.4 9.6 59 84 0 i.9
Source: Health Department (NMEP), M.P.
Table 3. History of spray in Kandsm PHC
Year Populatien Houses Rooms Cattle- Raund Period
Sprayed sheds
From To
1987 117 ‘8027 19088 4791 st 1.5.87 15. 6.87
&00R 20425 4792 Ind 16.6 87 M. 7.87
7848 23973 4872 3rd - L.BR7 £5.9.87
83619 19451 60232 9193 4th 15.10.87 10.12.87
1986 98237 18514 64418 11562 1st 16. 6.86 7 886
18862 nd 8. B.86 20.9.86
1985 83369 16471 53137 9096 Ist 16. 6.85 31,785
16456 47430 9096 2nd 1.2.85 15.9.85
1984 94000 15850 51227 12119 Ist 16.6.84 31.7.84
30167 49715 8759 nd 1.8.84 n-984

Source: Health Department (NMEP), M.,

A total of 21 villages (14 sprayed and 7 un-
sprayed villages separated by a distance of about
20--50 kms) were surveyed to study malaria pre-
valence. Survey was carried out in the third week
of October 1987. Blood smears were collect-
ed from all fever cases and 600 mg chloroquine
adult dose was given as presumptive treatment.

Blood smears were stained with JSB and exam-
ined. All malaria positive cases identified by the
project staff were administered radical treatment
by NMEP (P. vivax 600 mg chloroquine and 15
mg primaquine daily for 5 days and for P.
Jalciparum 600 mg chloroquine and 45 mg
primaquine as single dose). Children were given
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proportionately low dosages. Pregnant women
Wwere not given primaquine.

Mosquito collections were made using a suction
tube between 0600 to 0800 hours from human
and mixed dwellings and cattlesheds. Immatures
were collected from their breeding habitats and
identified at adult stage. Spleen enlargement was
determined by Hackett’s method (Christophers
etal., 1958) in children between 2-9 yrs age. The
same 21 villages were resurveyed in the months
of January, February, April and May 1988 to
assess the impact of antimalaria measures im-
plemented by the state Govt.

Systematic meteorological records were not
available, but average annual rainfall of the area
is about 1400 mm. The rainy season begins from
June and lasts Gl the end of September. Total
rainy days vary from 60 to 70. Minimum and
maximum temperatures during winter and sum-
mer are in the range of 5-25°C and 25-42°C
respectively. Before undertaking investigaticns,
previous year's data for Kundam PHC was
obtained from .he District Malaria Officer
{DMO) which is given in Tables 1-4. It was
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revealed that the block was sprayed with two
rounds of HCH n 1984, 1985 and 1986. The
ABER was about 7, and the APl was 1.0in 1984
and 0.1 in 1985 and [986 and 47.23 in 1987
{Table 1). Sectionwise data of the villages sur-
veyed by the project staff is given in Table 2.
During 1987 three rounds of HCH had been
sprayed; the rounds beginning on May |, June I6
and August 1. (Table 3). The foliowing ad-
ditional measures were implemented by the state
authorities to check malaria.

(i} One additional round of HCH was sprayed
in 73 sections (700 villages) beginning from
October [5in all the villages. Spray coverage was
about 909 and the spray quality was good as
periodically checked by the project staff. Similar
measures were carried out in district Mandla in
the adjoining blocks where DDT was sprayed
(Table 4).

(i) Surveillance was improved by frequent in-
spections by the supervisory staff. Twelve ad-
ditional surveillance workers and 6 supervisors
were posted in the block. A team of medical
specialists was also deputed. Five mobile teams

Tablke 4. HCH focsl spray (special rouwd) io district Jabalpar 19874

No. of No. ol Pop. sprayed No. of % caoverage Duration
PHCs sections approx. villages —_——

HD Rooms
11 73 392981 06 97 ot 15.10.87-31.12.87

*Total Pop. —1139810; Total PHCs —15; Total sections—283; Total villages —2880; Pop. above 2 API [or spray in 1988 —

F1396568.
DDT Focal aprey (special round) in district Mandla 1987**
Na. of No. of. Pop. sprayed No. of % coverage Duration
PHCs sections approx. villages
HD Rooms
3 k) 57161 §35 93 100 30.1087-25388

#*Total Pop. —1035134; Total PHCs — I 6: Total sections — 349; Total villages —2[10: Pop. above 2 APl far spray in 1988 —

5659462,
Source: Heahth Department (NMEP), M P.
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each consisting of a Medical Officer and four
paramedicals were also deployed in the affected
arca.

(iii) Fever and mass radical treatment (FRT and
MRT) were given in October 1987. Fifty drug
distribution centres (DDCs) were opened and
chloroquine was distributed through the village
guards (Kotwar).

(iv) Six field laboratories were established for
prompt diagnosis and radical treatmem.

(v) Health education material on malaria con-
trol was circulated and publicity was given
through the local newspapers on the treatment of
malaria and simple methods for the control of
mosquito breeding.

(vi} The block was declared a restricted zone
under the communicable diseases act 1987, sec-
tion 2(3) to prevent further dissemination of the
disease due to population movement.

(vii) The area was visited by state Health Minis-
ter in order to assess the magnitude of the
problem.

RESULTS

Fig. 1 and Tables 5-7 give the results of surveys
carried out by the project staff. It was revealed
that the anti-vector and anti-parasitic measures
implemented to control the epidemic did not
result in any significant improvement of malaria
sttuation. The densities of A. euficifacies and A.
Jhuviatilis (primary vectors) and A. aennularis
{secondary vector) were extremely high before
and after the 4th round of HCH spraying (Fig. 1).
Although no incrimination studies were car-
ried out but A. culicifacies and A, fluviatilis were
incriminated as primary vectors of malaria by
Kulkarni (1983) in Bastar, M.P. and Vaid er af
(1974} in northwestern parts of Madhya Pradesh.

The downward trend in anopheline densities
was not the result of spraying but due to

the onset of winters. This was substantiated by
the fact that A. annulfaris densities showed an
increasing trend after spraying which was the
result of favourable weather conditions for 4,
annularis at that time of the year.

Results of parasitological surveys are given in
Table 5. Two sets of villages were surveyed. The
first group of i4 villages received 4 rounds of
HCH spraying during 1987 whereas the second
group of 7 viliages was not sprayed. Certain
sections of Kundam block were not sprayed for
several years because of the reported <2 API
and these seven villages belonged to those sec-
tions. After the outbreak, these 7 villages were
sprayed with one round of HCH in Qctober-
Navember. As could be seen from both the
groups of villages, the incidence of malaria was
extremely high (SPR >>70%) and falciparum ma-
laria was the main cause of high morbidity
(Table 5). There was no difference in the two
groups of villages with regard to malaria, and
HCH spraying did not produce any tangible
impact on transmission as evidenced by infant
and child fever/spleen surveys (Tables 6 and 7).

Surveys were repeated in January, February,
April and May 1988 with similar results with
regard to malaria situation and vector densities.
Surveysin April and May 1988 showed only very
marginal reduction due to unfavourable weather
conditions (Table 5). Spleen examination of
children in the months of October 1987 and April
1988 in both groups of villages showed 48%
children with enlarged splcen (Table 7). Most
children with enlarged spleen had no fever at the
time of survey. Blood smears from these children
were invariably positive for the malarial parasite
and the data has been included in Table 6. The
population of this area was, therefore, experienc-
ing intense transmission.

During the study period several cases of falci-
parum malaria which had been administered full
adult dose of 600 mg chloroguine and 45 mg
primaquine returned again with fever. On exam-
ination these cases were found harbouring P.
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Table 6. Resolts of parasitologicsl surveys

Month/ Spray No. of BSE +ve Pv PF SPR
Year history villages
{HCH)
Infanis ( <1yr)
Oct &7 3 rounds 14 9 5 — 5 55.55
No spray 7 10 4 3 i 40.00
Jan B8 4 rounds V4 4 l — 1 25.00
! round 7 3 ! — 1 3333
Apr B8 4 rounds 14 12 5 3 2 41.66
! round 7 10 5 5 — 50.00
May 88 4 rounds 14 27 7 6 i 25.92
! round i 5 2 1 | 40.00
Month/year Spray history BSE +ve Pv Pr Mix SPR

Childrer { >>1-9 yrs}

Oct 87 3 rounds 236 193 51 136 6 81.797
No spray 183 129 5! 73 5 70.49
Jan B8 4 rounds 65 M 2 k]| i 52.30
1 round 40 26 7 15 4 65.00
Feb 88 4 rounds 130 62 10 50 2 47.69
1 round 28 17 ! 16 —_ 60.71
Apr 88 4 rounds 221 105 61 43 1 47.51
I round 86 56 41 14 |} 65.11
May 88 4 rounds 194 88 54 30 4 45.36
1 round 43 28 24 4 — 65.11
Table 7. Reanlt of spleen swrvey in Kapdam PHC
Spray history - Date of No. of Children Children with Enlarged
surveys villages examined enlarged spleen
spleen rate (range)
Sprayed Oct 14-21 7 674 314 46.59 (20-72)
Sprayed Apr 10-20 5 277 131 47.3 (40-65)
Unsprayed Oct 14-2] 5 558 265 47.49 (21-67)
Sprayed Apr 10-20 3 N 195 49.8 (31-73)

Note: Parasitological data included in Table 6.

Jalciparum infection. At first instance it was not  cases were resistant to chloroquine (unpub-
clear whether this was the result of reinfection, re-  lished data).

crudescence or incipient resistance but follow-up

studies of such cases by both in vivo and in vitre DISCUSSION

methods confirmed that these cases were re-

sistant to chloroquine, Micro in vitro test show-  Malaria control in rural areas is carried out
ed that out of 22 cases, 14 were resistant to by spraying residual insecticides such as DDT,
chloroquine and in vivo tests revealed that 60% HCH or malathion. In areas with DDT resistant
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vectors HCH is sprayed. At present about 210
million population is under DDT spray and
about 100 million under HCH spray. In areas
with DDT and HCH resistance malathion is
sprayed. The cost of spraying I million popu-
lation increases from Rs. 34 lakhs and Rs. 37
lakhs for DDT and HCH respectively to Rs. 199
lakhs for malathion (Sharma, 1987a). But in
areas where the vector1s highly resistant to HCH
such as in Kundam block, it would be advisable
to control the epidemic with a suitable replace-
ment insecticide. At present malathion is sprayed
in about 21 million population as replacement
insecticide mainty in Gujarat and Maharashira.
Resistance to malathion had developed rapidly
in Gujarat (Rajagopal, 1977) and now the re-
sidual spraying of malathion is only partially
effective in the control of vector populations
(Sharma, 1984). In this connection it is note-
worthy to mention that malathion resistance in
A. culicifacies developed in areas of QOrissa and
Andhra Pradesh where this insecticide was never
used in public healith. This development of
resistance in 4. culicifacies was the result of the
use of organophosphate compounds in agricul-
ture (Nagpal, 1986; Sharma, ]987b). Malathion
is an expensive insecticide and resistance to it is
likely to be selected rapidly in other areas as well.

Field studies by Ansarief al. (1986a) i-ave shown
that the spraying of deltamethrin in A. culici-
Jfacies populations resistant to DDT and HCH
results in almost complete suppression of vector
populations and other mosquito species. These
insecticides are also relatively safe for the en-
vironment as very little quantity of the active
ingredient is used i.e., about §/10, 1/50 and 1/100
of DDT, HCH and malathion respectively. The
added advantage of pyrethroids is their high
social acceptability as against malathion which
has high refusal rate partly due to bad odour.
The economics of spraying synthetic pyrethroids
could not be worked out but discussions with the
representatives of the manufacturers revealed
that it would be cheaper than malathion in terms
of population coverage.

INDIAN J. MALARIOL., VOL. 25, JUNE 1988

The Centre has investigated similar epidemics in
other parts of the country, e.g., Meerut (Ansari ef
al, 1986b), Bareilly (Ansari et al., 1984) and
Shahjahanpur (Chandrahas and Sharma, 1983,
Sharma et al., 1985). At Shahjahanpur the bio-
environmental control of malaria strategy was
implemented in 1986. Results so far achieved
have shown major reduction in vector densities
and the SPR was reduced from 80-90% to 20-
30%. It would, therefore, be advisabie ta control
malaria epidemic in Kundam PHC with a suit-
able residual insecticide followed by bio-
environmental methods as a long-term strategy
(Sharma, 1987b).
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Some Components of Kinin System in Human Malaria

5.ROY', U. BHATTACHARYA! PK. KAR! and S.C. LAHIRI!

The kinin system is comprised of diverse constituents such as prekailikrein-kallikrein/kininogenase-kinin-
kininase. Blood kinin reflects a dynamic equilibrium between formation and destruction of kinins. In
Plasmodium vivax infected man, plasma prekallikrein level is lowered. Compared to healthy subjects, the
plasma total kininogen and high mol. wi. kininogen level decreased signilicantly in P. vivax infected patients.

Plasma kininase activily rose in infected paticnis.

INTRODUCTION

Vasodilation, circulatory stasis and increased
capillary permeability are important com-
ponents of the pathophysiology of malaria. Cer-
tain endogenous substances such as histamine
and kinin. have these actions and may possibly
be relevant. Injection of kallikrein was found to
produce vascular changes similar to that in the
brain of Plasmodium knowlesi infected monkey
by Onabanjo and Maegraith (1970). However.
these workers found kallikrein activity in the
blood of a plasmodium infected rhesus mon-
key but not in the blood of 2 healthy (control)
monkey. It was also shown that plasma kini-
nogen level in the infected monkeys is markedly
reduced (Tella and Maegraith, 1966). Enhanced
blood kinin levels in rodent malaria was reported
by Ohtomo and Katori {1972) and later by
Onabanjo (1974). There are no reports concern-
ing prekallikrein levels in malaria and no reports

Accepted for publication: 2 June 988,
'Department of Pharmacology
School of Tropical Medicine
Calcutia-700073, India.

concerning changes in the individual com-
ponents of the kinin system in P. vivax infected
humans.

MATERIAL AND METHODS
Blood collection

Human venous blood was obtained from malaria
infected patients with demonstrable Plasmodium
vivax in blood smears (blood films were stained
with Leishman stain); P. vivax is the common
infection in Calcutta area. For control, samples
of venous blood were obtained from healthy
volunteers of matching age and sex.

The collected blood was transferred to plas-
tic/siliconized tubes containing 1 vol. of 3.8%
sodium citrate for 9 vol. of blood. After centri-
fugation the plasma was used for the experiments
described below.

Estimation of kallikrein inhibitor

Kallikrein inhibitor contant was estimated after
Colman and co-workers (1969) in’ human pla-
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Table 1. Comparison of plasms prekallikrein, kallikrein-inhibitor, total kimisogea, HMW-kininogen and kininase level
{Mesun + SE) between F. vivax iafected amd mormal subjects

Components of kinin system Conurol infected P-value Remarks

Prekallikrein {z Kat/litre) 8450164 2815 6204.6 + 124.45 P <0.00] 5

Kallikrein inhibitor (Unit) 0.94 + 0.05 1.1 +0.1 P>0.05 NS

Total Kininogen {Bradykinin M53+20.6 68 +5.9 P 005 )
released ng/mg plasma protein)

HMW-Kininogen {Bradykinin 73+17 27+03 P <005 )
released ng/img plasma protein}

Kininase (zg bradykinin split/m) plasma/min.} 115 +04 157 +034 P <0.05 S

S == Significant: NS = Non-significant.
in each case number of subjects investigated was six.

sma. A plastic test tube, containing 41.9 mg of
TAME (Tosyl Arginine Methyl Ester) in 2 ml of
0.1 M sodium phosphate buffer (pH 7.6) and
0.15 M sodium chloride, was taken. Plasma of
volume 0.3 ml was mixed with 0.3 m)] of kaclin
suspension (10 mg/mi) in buffer, and the kaolin
plasma mixture was incubated at 25°C. Again at
the end of 5 mins. 0.2 mi aliquot was withdrawn
and poured in to the test tube. The test tube was
placed in a water bath (37°C). After 1 min.
(blank) and 31 mins. (test samples) aliquots of 1
ml were removed from each tube and added to
0.5ml of 159, TCA. After centrifugation (1000 g
% 5 mins.), 0.5 ml of the supernatant of each
tube was taken and added to a separate tube
which already contained 0.1 mi 2%, KMnO .
This was mixed thoroughly for 1 min. and
0.1 mlt 10% sodium sulphide was added and
again mixed. After decolonsation, 4 ml 0.2%,
chromotropic acid in 65% sulfuric acid was
added. The sample was boiled for 15 mins. in a
water bath and the test samples were read at 580
nm {EC spectrophotometer) against its own
blank. The standardization of kallikrein in-
hibitor was assessed in six normal subjects
(Table 1) which is about 95%, of the normal level.

Determination of prekallikrein in plasma with the
help of chromogenic substrate

Plasma prekallikrein was estimated after Friber-
ger and co-workers (1978). The substrate js H-D-
pro-phe Arg. pNA. Hageman factor of FXII is

activated to FXlla (activated Hageman factor).
Prekallikrein in plasma is then activated by
FXllaand actson HMW-kininogen. The plasma
kallikrein so formed catalyzes the splitting of p-
nitroaniline {(pNA) from the substrate S-2302.
The released pNA is then measured photometri-
cally at 405 nm.

Estimation of total kininogen

Plasma tota! kininogen is determined after Diniz
and Carvalho (1963) (modified by Uchida and
Katori. 1978). HCl pretreated plasma was kept at
37°C for 15 mins., neutralised, added to 0.2 M —
TrisfHC1 buffer and incubated with 200 ug
trypsin for 30 mins.. the reaction was terminated
by the addition of boiling absolute ethanol
(70°C}). After centrifugation the mixture was
vacuum dried, and thereafter dissolved in saline
and assayed on rat uterus.

Estimation of high molecular weight (HMW)
Kininogen

Plasma high molecular weight kininogen level
was determined after Gallimore et af. (1978). A
volume of 0.1 ml plasma heated at 60°C for two
hours was incubated with 0.02 ml of 1:10 phenan-
throline (3x 10-? M) for 5 mins., 0.1 ml of
kallikrein (mg/ml) and 3.8 ml of de Jalon so-
lution for 30 mins. at 37°C. Aliquot of this
solution was taken and assayed for bradykinin
on isolated rat uterus.
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Estimation of kininase

Plasma kininase activity was estimated according
to the method of Wright (1977). Eighty gl plasma
in 0.92 m] Tris HC] (0.02 M. pH 7.4) buffer was
incubated at 37°C with 500 ng synthetic brady-
kinin in 0.5 m] Tris HCl buffer. At 0 and 10 mins.
aliquots were withdrawn and assayed on rat
uterus. Kininase activity was expressed in terms
of pg bradykinin destroyed per mi plasma per
min.

Statistical test

Students’ t-test was used 1o evaluate the signifi-
cance of differences between group means.

RESULTS

Prekallikrein level in Plasmodium vivax infected
patients was significantly lower as compared to
healthy normal subjects. No significant change
of kallikrein inhibitor was demonstrated in P.
vivax inlected subjects. Table 1 shows that total
kinmnogen level and high molecular weight
(HMW) —kininogen level were lower in the
malaria infected patients than in the healthy
volunteers.

Kininase activity of plasma was estimated in
controf and P. vivax infected patients. Plasma
kininase level was significantly increased in ma-
laria infected patients (Table 1).

DISCUSSION

Vasodilation and stasis in blood vessels. parti-
cularly cerebral, are likely to contribute to the
pathophysiotogy of malaria. 1t is likely that
endogenous pharmacologically active agents
may be involved. Kinins and kallikreins with
their hypotensive, vasodilator and capillary per-
meability increasing activity fit such a role
{Onabanjo and Maegraith, 1970).

There is some information regarding the role of
these (wo substances in experimental malaria in

morkey but nothing is known about changes in
P. vivax infected patients. nor about changes
brought about by plasmodial infections in the
components of kinin system.

Normally human blood contains a very small
amount of kinin. This is not surprising when one
considers that kinins increase capillary permea-
bility and are potent vasodilators; bradykinin is.
on molar basis. the most potent vasodilator of
human vessels. Large amounts of kinin pre-
cursor, kininrogen occur in blood and can be
rapidly activated.

An increased blood kinin level may be the reason
for vasodilation in malaria. Nevertheless. blood
kinin levels are the outcome of interplay between
several determinants. such as prekallikrein. fac-
tor X1la. kallikrein, kininogenase. and kininase.

Prekallikrein is the inactive precursor of kalli-
krein. There does not appear to be any previous
report about changes in prekallikrein level in
malaria. The present experiment showed that in
man plasmodial infection is followed by u lower-
ing of prekallikrein fevel. The cause of such a
decrease can be known only when more infor-
maltion 1s available. One may speculate whether
the reduced level of prekallikrein 15 due to the
hepatic accumulation of parasites, which may
reduce the hepatic synthesis of prekallikrein. An
alternate possibility is a reduction in prekalli-
krein level due to its heightened conversion to
kallikrein. Kallikrein level measurement would
have answered the question. However in spite of
the high sensitivity of the chromogenic substrate
method followed in the present experiments. it
fails to detect plasma-kallik rein. perhaps because
of its ultrashort half-life (Vinazzer. 1979). Re-
cent findings in this laboratory have shown that
plasma factor Xlia level is increased in plas-
modium infected rats (Roy and Lahiri, 1984,
unpublished findings}). The heightened XIla ac-
tivity would suggest an increased conversion of
prekallikrein, resulting in a raised kallikrein
level. One may speculate whether even the re-
duced amount of prekallikrein formed results in
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a greater amount of kallikrein due to enhanced
FXIla activity.

The prekallikrein-kallikrein mechanism is not
the only pathway to Kkinin release. At least two
other endogenous proteolytic enzymes, trypsin
and plasmin. cleave kinins from kininogen (Er-
dos. 1966). Beraldo (1950) first observed that
plasmin activation accompanied anaphylactic
shock in vivo. One cannot. therefore. ignore the
possibility of plasmodial infection affecting the
plasmin system and thus influencing kinin sys-
tem. The present experiments did not measure
plasmin levels, but recent findings from this
laboratory indicate that in plasmodial infection
of rat, plasmin level is increased and antiplasmin
level ts decreased (Roy and Lahir, 1984, un-
published findings). This may play a significant
role in increased kinin level in malaria.

Ohtomo and Katori (1972) reported that in
infected mouse blood kinin level rose only in high
parasitaemia accompanied by lowered level of

plasma kininogen. In P. vivax infected patients.

present experiments yield consonant results; ki-
ninogen level has also decreased significantly in
malana infected patients.

Degradation of kininogen by plasma kallikrein is
probably a major cause of its disappearance from
the circulation, the result of which is bradykinin
formation. However. liver damage might also
have been a factor for the low level of HMW-
kininogen which is also seen in experimental
endotoxemia (Gallimore er al, 1978).

In the present experiment. the kininase activity
in plasma increased markedly in the P. vivax
infected patients. Part of the increased activity is
due to microscopical haemolysis caused by the
malarial infection. In the course of malarial hac-
molysis, some erythrocyte kininase may escape
from erythrocytes into plasma. Erythrocytes
have strong kininase activity (Onabanjo ef al,
1970). Increased plasma kininase activity in
infected monkeys and mice has been reported

earlier. Increased plasma kininase aetivity in-
dicates rapid destruction of kinins, therefore,
baiancing their increased production. may serve
as a regulatory mechanism and thus control the
inconvenient effects or peptides on the capillary
endothelium. Kininase also converts angio-
tensin [ to angiotensin II. Increased kininase
activity may assist in maintaining blood pressure
also.
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Natural Parasitic Infections in Anopheline Larvae of
Mandya district, Karnataka state

C. ACHUTHAN™

The Malaria Investigation Centre, Mandya
(Karnataka state) undertook studies on the
breeding, resting and feeding behaviour of ano-
phelines during 1964-1967. The siudies were
carried out in 16 study villages located in the
neighbourhood of Mandya town (Shamasastry
et al., 1961). During the course of the studies,
efforts were made to obtain knowledge on the
natural parasitic infections in anopheline larvae,
host specificity and per cent parasitism in dif-
ferent months. The observations recorded are
summarised in this note.

Larval collections were made in all the 16 study
villages on weekly basis. Anopheline larvae were
collected from different habitats such as rice-
fields, field channels, pools and swamps using
a dipper of 250 ml capacity. The larvae collected
were transferred to containers habitat-wise on
the spot itself and transported to the laboratory.
They were identified under a microscope and
screened for the presence or absence of parasitic
infections.

Accepred jor publicotion: 27 Janvary 1988,
1Malaria Investigation Centre
Mandya. Karnataka. Indie.

During the course of the study spread over a
period of 31 months between June 1964 and
December 1967, a total of 23987 larvae belong-
ing to 13 species of anohelines were collected.
The anophelines recorded in the collections were:
A. annularis, A. aconitus, A. barbirostris, A.
culicifacies, A. fluviatilis, A. hyrcanus, A. jamesii,
A. jeyporiensis, A. pallidus, A. subpictus, A
splendidus, A. vagus and A. varuna. Of these, A.
subpicrus pradominated the collection with 16220
specimens (67.6%,), lollowed by A. vagur(425]
specimens or 17.7%). A. culicifacies constituted
7.04%, (1690 specimens) of the collection.

The entomopathogenic aquatic fungi Coelo-
momyces indicus and the mermithid nematode
Romanomermis iyemgari were the two major
parasites found infecting anopheline larvae. Out
of the 13 species of anophelines encountered,
only three species i.c., A subpictus, A. vagus and
A. culicifacies were found infected with Coelo-
momyces indicus. The per cent parasitism by
Coelomomyces indicus in these three species
according to breeding sites monthwise have been
summarised in Tabies ! and 2 respectively,

It was evident that the incidence of fungal
infection was highest in A. subpictus larvae, The
monthly incidence of parasitism ranged from 0
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Table 1. 1ncidence of Coelomomyces infection in wild cuoglt larvae by species

Year/ Per cent infection in
Month

A. subpicius A vagus A. eulicifacies Total
1964
Jun 0.2 0 0 0.2
Jul 0 0 0 0
Aug 25.9 1] 0 4.3
Sep 0 0 0 ¢
QOct 51 0 0 50
MNov 0 0 0 ]
Dec 7.5 17.7 0 990
1968
Jan 24 95 G 39
Feb 2.1 Li 0 0.9
Mar 384 18 (] 299
Apr 106 i5.0 0 10.8
May 16.4 208 250 171
Jun 247 1.1 ] 208
Jul . 55 48 0 46
Aug 26.6 1.2 4.6 I8.3
Sep 221 15.4 50 19.8
Oct 93 232 26 a0
Nov 03 0 ] 0.1
Dec 111 2.8 0 7.4
1966
Jan 3l 0 (] 21
Feb L5 0 0 1.2
Mar 200 46 2.1 136
Apr 197 1712 64 16.6
May 83 0 0 7.2
Jun 300 48 1.5 261
Jul I 0 0 §]
Aug $0.4 72 241 20.2
Sep 0 0 0 0
Oct 6.1 45 0 . 59
Naos 14 0 0 i1
Dec 11) 2.4 0 6%

to 38.4% in A. subpicius, 0o 23.3% in A. vagus
and 0 to 25.0% in A. culicifacies in different
months. Natural parasitism was encountered in
all the months during 1965 in pools, for four
months in channels and for three months in
swamps. However, the ricefield habitat exhibited
highest per cent parasitism. There was a double
peak in the incidence of infection, the first during
March after a few pre-monsoon showers and the
second one during May—September coincid-
ing with the local irrigation practices.

The infection of larvae of A. culicifacies with
Coelomomyces indicus is reported for the first
time in India. There are reports of Coe. indicus
infection in larvae of A. splendidus and A.
stephensi in Bangalore City (Iyengar, 1963, Per-
sonal communication). Chandrahas and Raja-
gopalan (1979) reported Cope. indicus infection
in A subpictus larvae in Pondicherry ricefields.
Gugnani ef al. (1965) recorded Cpe. indicus
from A. subpictus in Ghaziabad area of Uttar
Pradesh.
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Romanomermis iyengari infection was not as
widespread as that of Coe. indicus and produced
non-significant levels of infection. Only five 4,
vagus larvae showed infection.
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C.P. Pant

(1932-1987)

The very sad and untimely death of Dr. Chandra
P. Pant, on 15 December 1987, in Geneva, is
indeed a great loss to the profession of medical
entomologists.

Dr. Pant was born on 12 January 1932 in the
beautiful hill resort of Nainital, Uttar Pradesh
state, India. After high school education in
Almora, he entered the Agra University from
which he graduated and where he also tock his

postgraduate M.Sc. degree in entomology stand-

ing first in the order of merit in the University. He
received his Ph.D. degree in entomology with top
honours from the Iowa State University and an
M.P H. from Harvard University, both in the
USA. Later he also attended a number of WHO
refresher training courses on various aspects of

vector biology and control in several parts of the

world.

After brief assignments with the Department of
Agriculture and the Ministry of Defence in India,
Dr. Pant joined the World Health Organization in
1958 as an entomologist with the Malaria Project
in Nepal and subsequently in Burma. After a
short period as a member of intercountry pro-

grammes in Venezuela and Colombia, he joined
the Interregional Malaria Team in Kankiya,
Nigenia, and subsequently was assigned as Praject
Leader of the Interregional Research Team for

. Testing of Insecticidesin Lagos and Kaduna, also

in’ Nigeria. His next assignments took him to
South-East Asia as Project Leader of the In-
terregional Team on Aedes Research in Bangkok
and on Vector Control Research in Jakarta. After
over 17 years of field work, Dr. Pant was assigned,
in 1975, as a scientist to the headquarters Division
of Vector Biology and Control in Geneva and,
since 1981, was Chief of the unit of Ecology and
Control of Vectors.

Dr. Pant was universally acclaimed for his techni-
cal competence and dedication to work by all his
associates both within and outside WHO. An
excellent scientist, as authenticated by over one
hundred publications, he was also a first-class
administrator, a rar¢ combination. He wasa man
of high intellectual and moral integrity, con-
stantly striving for quality, precision and per-
fection. He had many characteristics which great-
Iy endeared him to his colleagues and earned him
their respect: natural dignity, uprightness, pro-
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found humanity, discretion, humility, politeness,
geniality and ever-readiness to share his knowl-
edge and busy time.

His dedication to his profession and job did not
prevent him from taking a lively interest in all
aspects of life. Very friendly and sociable by
nature, his hospitality knew no bounds. He was a
sports enthusiast, represented his Indian uni-
versity in cricket and badminton, and was an
excellent tennis player and golfer in later life. He
was a man of robust health until cruel fate struck
him down with an illness which, however, brought
to light yet another trait—that of immense
courage. He did not let his ailment affect his
performance of duties or social obligations or his
sang-froid, and the infectious cheerfulness never

left him, even when bednidden. One colleague
recalls with admiration how he was even pro-
viding moral encouragement to somebody
he had never met and who was similarly af-
fected.

A thorough gentlernan, a great friend, a respected
colleague, a well-wisher to all without dis-
tinction of nationality, colour or creed, a true
international civil servant, his death will be a
personal loss to all those who met him even casu-
ally and who will remember him for a long time,
He is survived by his wife, Mrs. Shanti Pant.

Division of Yector Biclogy and Control
World Health Organization
1211 Geneva 27, Switzerland.
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Sir,
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