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Epidemic of Malaria in Barmer District (Thar Desert) of
Rajasthan during 1990

KK. MATHUR*, G. HARPALANI*, N.L. FALRA, G.G.K. MURTHY* and
M.V.V.L. NARASIMHAMT

Barmer district of Rajasthan in Thar desert and hitherto a hypoendemic area for malaria came in the grip
of a severe malaria epidemic during 1990. The epidemic occurred as an aftermath of floods, preceded by
normal rains during 1988 and 1989 after a prolonged drought phase. The epidemic was spread over the whole
district including Barmer town. Annual Parasite Incidence (API) and Annual falciparum Incidence (AFT)
for the district touched record figures of 17.20 and 5.83 respectively while for the Barmer town they were
36.5 and 14.0 respectively. Out of the eight PHCs, Baitu PHC was the worst affected where the two indices
touched all-time high figures of 55.3 and 19.6 per cent respectively. A total of 122 infants were reported
positive for malaria, of which 103 were contributed by Baity PHC alone. Eighty per cent infant positivity
was spread over September and November, indicating a highi rate of transmission. A total of 47 deaths due
to cerebral malaria were reported. However, in view of the high infectivity among infants and paediatric
groups there was a strong possibility of deaths among these groups which could not be verified.

Entomological findings revealed that a sudden increase in An. culicifacies densities due to extensive breeding
potential, as a sequel to floods, activated the transmission, which was maintained at a low level by An.
stephensi, predominant in this desert region. Other factors which contributed to the intensity and extent of
epidemic were the return of drought-migrated population from malarious areas, low cattle density, malaria
non-immune population, inadequate and poor spray coverage and delayed radical treatment. Insecticide
adult susceptibility tests revealed a high degree of resistance in An. stephensi against DDT and dieldrin.

INTRODUCTION

Barmer district, a western desert area of Rajas-
than, was classified as hypoendemic at the time of

Accepred for publication : 9 January 1992.

* Regional Office for Health & Pamily Welfare
K-10, Durgadas Path, Malviya Marg
Jaipur-302 001, India.

t National Malaria Eradication Programme
22, Sham Nath Marg '
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inception of NMEP in the state!. Because of the
typical desert physiography and climate, non-
conducive to malaria transmission, the disease
has never been a problem in the area in spite of
poor surveillance. However, the year 1990 wit-
nessed an epidemic of malaria as a sequel to
floods in the region, causing 47 deaths. The eco-
epidemiological and entomological factors re-
sponsible for the current malaria epidemic in
Barmer were investigated and the findings are
presented in this paper. ’
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Study area

The district lies between 24° 4  and 26° 32” north
latitude and 70° 5° and 72° 52 east longitude and
covers 28,318 km? It is a tropical dry sandy desert
region. There is no forest, except sparse scrub
vegetation. There are three rivers, viz. Gurrha,
Pachpadra and Luni, which are mainly seasonal
and remain dry most of the time. Barmer on its
western side has an interstate border of 50 km
with Tharad of Banaskantha region of Gujarat
and about 70 km international boundary with
Pakistan. The adjoining arecas of Pakistan are
mainly dry and desert tracts of Thar and Baha-
walpur, while the bordering region of Gujarat is
semi-desert.

The population of the district? is 11,18,892. Itis a
sparsely populated area comprising eight pan-
chayat samities, each with a block PHC, with a
population ranging from 10.2 (Baitu) to 19.4 lakhs
(Ramsar). Barmer and Balotra are the two town-
ships with 0.6 and 03 lakh populatlons The
population density is about 36/km? ranging be-
tween 15 and 59/km?

Extremes of climate are a very characteristic fea-
ture of this area. The average temperature is
around 26°C, whereas the maximum temperature
‘ranges between 42°C-and 48°C during summer.
" Minimum temperature ranges between 3°C and
10°C durmg winter. The average relative hurmd-
ity is 53-60 per cent.

The annual normal rainfall is 27.75 cm. July and
Aungust are the rainy months. Minimum rainfall
recorded was 10.65 cm during 1987. The period
1985-87 was one of severe drought. However,
1988 and 1989 had normal rainfall. :

Flood
" The year 1990 had the century’s highest rain

fall (79.0 cm), which was 185 per cent more than
the normal rainfall of thé area and caused un-

precedented floods. Thirteen villages . of the
five block PHCs, viz. Baitu, Samdari, Ramsar,
Sindhari and Gudamalani, were completely sub-

merged. '

Drinking water sources

Water is a rare commodity. Rain-water stored in
the underground cement tanks/reservoirs is the

- only source of drinking water. The total number

of such tanks in the district is around 11,000.
However, their functional status varies with rain-
fall and need. :

MATERIALS AND METHODS
Epidemiological

Epidemiological data for the last 14 years were
reviewed to ascertain the past and current trends.
of malaria incidence in the district. Mass blood
sample survey was carried out in the worst af-
fected villages of PHC-Baitu to compare the
actual trend in field with that recorded in the
government hospital/PHCs. Comparative malar-
ia incidence in different PHCs and Barmer town
was also studied during the inter-epidemic and
epzdcmlc phases. Various eco-epidemiological
factors, viz. climatic changes, drought, population
migration, and man-animal ratio, were also stud-
ied in conjunction with the incidence of the dis-
ease in the area. Malaria intervention measures,
i.e. spray coverage, case > detection and treatment,
were also assessed.

Entomoelogical

Density gstimates of adults and immature stages

of malaria vector(s) and other associated mos-

quito species were made by standard methods in

the selected rural and urban locations of Barmer.
Susceptibility of An. stephensi (adu]ts and larvae)

and An. culicifacies (adults) to various larvicides

and adulticides were determined in accordance

with the WHO test methods®.
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OBSERVATIONS
Epidemiological

The malaria incidence trend of the district since
1977 in relation to asnual rainfall is given in
Table 1 and Fig. 1. Rise in malaria incidence was
found to be associated with increase in the rain-
fall. During 1977, annual rainfall was 13% above
the normal, the Annual Parasite Incidence (APT)
showed. a conspicuous rise at 5.3 and Annual
falciparum Incidence (AFI) was 0.6. While dur-
ing the dry spell the incidence was on a.very low
profile, API ranged between 0.2 and 1.5, and AFT
between 0.03 and 0.1. However, 1985 was a year
of exception, when there was a noticeable in-
crease in cases, particularly Pf, despite low rain-
fall. The increase could be attributed to only
migratory cases, as the cases did not proliferate
locally, due to non-conducive transmission condi-
tions, This was substantiated by a significant de-
cline in the incidence in the next 2-3 years. Fur-
ther, the Annual Blood Examination Rate (ABER)

during 1983-1988 had been consistently low (10%)-
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Fig. 1: Malaria incidence in relation to annual rainfall in
Barmer.

Table 1. Annual rainfa)l and incidence of malaria in Barmer disfrict (1277-1990)

Year API ABER SPR AFI Rainfall* Deviation
(em) (%)
1977 53 14.6 41 0.6 314 +13.0
1978 18 10.7 16 0.14 33.62 +21.0
1979 05 127 03 0.005 2057 ~260
1980 03 133 02 9.02 189 ~190
1981 04 124 03 0.04 211 240
1982 0.6 117 05 0.07 19.26 ~31.0
1983 16 8.7 18 0.13 308 +110
1984 09 68 01 0.09 257 73
1985 15 74 24 0.28 163 410
1986 0s 70 0.7 0.05 1187 570
1987 018 72 0.25 0.03 10.65 620
1988 152 8.07 1.89 0.17 2754 ~10
1989 726 98 734 2.06 2571 7.0
1990 172 142 12.1 5.87 79.01 +185.0

*Normal rainfall: 27.75 cm
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with noticeable fluctuations due to irregutar sur-
veillance. The variation in incidence during the
period had been proportionate to the rise or fall
in the blood smear examination rate. This signi-
fies that API during the period does not depict a
true picture of incidence. The linear depictions of
SPR hence provide a real trend of the build-up of
cases in the pre-epidemic phase.

Pre-epidemic phase (19288-89)

1988 and 1989 were the years of normal rainfall,
which brought about favourable changes in the
atmospheric humidity, vector prevalence, behavi-
our, man-animal ratio, parasite load and malaria
immunity pattern in the population. This led to
rapid multiplication of cases during 1989, a five-
fold increase in total annual parasite incidence
and ten-fold increase in the AFL

Epidemic phase (1990)

1990’s unprecedented floods gave a further boost
to the ascending trend by way of favourable
changes in the vectorial potential and resulted in
the severe epidemic. The eco-epidemiological and
entomological findings of the epidemic are dis-
cussed in the following paragraphs :

(a) Population migration : The normal population
migration among adult males (>20 yrs) for em-
ployment was found to be 2.45% of the total
adult population®, whereas during 1985-87, due to

- severe drought, 40 per cent of the adult males left
and settled largely in the adjoining Banaskantha
region of Gujarat. About 1% adult males also
migrated to Saudi Arabia.

(b) Animal population and man-animal ratio :
The total loss of livestock population during 1984-
87 drought phase in Barmer was found to be
50.87 per cent, as is evident from the figures of
the 1983 and 1988 animal census® (Table 2).

The 1990 flood further resulted in the loss of 6037
animal lives in five of the eight worst affected

5

Table 2. Effect of dronght on livestock population vis-a-vis
man-animal ratio in Barmer

Man/animal

Year ' Human Livestock
population population population
ratio
1983 1119000 3184462 1:29
1988 1454700 1620000 1:11

panchayat samities. Thus it significantly altered
the man-animal ratio and consequently disturbed
the natural zoo-prophylaxis pattern of malaria in
the region with the increase in the frequency of
man-vector contact.

(c) Extent and intensity of epidemic : PHC-wise
incidence data of malaria since 1984 in Barmer
rural and urban is shown in Table 3 and Fig. 2. It
is evident from the table that both the rural and
urban areas were equally and simultaneously af-
fected by the epidemic. Though all the eight
PHCs presented a high-rising trend, the PHC-
Baitu was the worst affected with API touching a
peak of 55.3 and AFT 19.6. Highest increases in
AFI were in Mandli (% 4.5), Gudamalani (x 4),
Ramsar (x 2.8), Gunga (x 2.3), Sindhari (x 1.75),
and Chohtan (x 1.6). The Barmer town also re-
corded a 4-fold rise in APT and 3-fold rise in AFL
The district overall API and AFI recorded 2.5-
and 3-fold increases respectively.

(d) Ratio of active and passive case detection in
Barmer (urban and rural) : A significant change in
the ratio of Active Case Detection (ACD) and
Passive Case Detection (PCD) was found during
the pre-epidemic and epidemic phases in both
rural and urban areas, as is evident from Table 4.

(e) Age and sex-wise distribution : The results of
mass blood survey carried out in six affect-
ed villages of PHC-Baity are summarized in
Table 5.

Both adults and children, males and females
and .all.age groups were equally affected. Slide
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Tahle 3. PHC-wise epidemiolopical data for Barmer (1984-1990)

PHC : Baitu (1,02,229)* PHC: Samdari (1,32,738)* PHC: Mandli (1,76,625)* -

Year : .
ABER APl SPR AFI ABER APl SPR AR ABER APl SPR AW

1984 65 172 264 041 87 042 048 002 - 974 136 14 002
1985 77 445 577 093 g2 049 06 0037 963 236 245 036
1986 6.6 18 142 o1 92 01 033 0015 93 07 07 007
1987 75 04 049 01 105 0.1 007 0038 98 02 019 0m
1988 1.6 62 534 084 114 028 02 007 120 21 1.7 02
1989 155 269 173 33 1ne 42 352 057 134 76 567 11
1990 270 553 2048 196 177 106 598 68 190 150 789 49
PHC: Gudamalani (1,34,222)* PHC: Ramsar (1,94,236)* PHC: Gunga (1,01,198)*

1984 516 067 129 007 527 027 076 005 54 137 254 016
1985 557 01 017 0.6 66 09 136 015 66 18 28 035
1986 50 o1 02 00 44 03 163 0005 57 85 09 004
1987 6.1 021 035 001 42 01 02 0.005 S06 054 095 003
1988 59 05 08 0.02 43 015 163 015 49 16 33 0I5
1989 86 26 302 10 74 39 27 17 54 34 62 10
1990 1.6 106 913 29 120 140 1166 48 70 68 971 23
PHC: Sindhari (1,36,843)* PHC: Chohtan (1,40,801)* Barmer town (55,554)*

1984 642 088 14 0.01 143 11 077 007 188 083 44 002
1985 829 14 17 045 77 08 098 00 359 105 29 02
1926 84 1.0 116 015 61 03 05 014 173 058 33 00
1987 84. 002 002 00 65 014 021 015 14 018 13 06
1988 85 15 17 0.07 63 0.5 08 0.05 18 083 46 014
1929 94 1191 126 42 79 28 354 04 102 938 92 483
1990 120 150 125 7.3 20 45 56 14 204 3647 178 140

*Population figuree of 1990,

Table 4. Ratic of malaria cases by ACD and PCD

1984 1985 1986 1987 1988 1989 1950

ACD :PCD ACD:PCD ACD:PCD ACD:PCD ACD:PCD ACD:PCD ACD:PCD

Barmer distt. (overall) 85:15 80:20 64:36 79:21 69:31 57:43 54:48
Barmer town 30:70 20:80 12: 88 30:70 12:88 5:95 7:93
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Table 5. Mass hlood survey : Age and sex.wise distribution of ezses in Baitw PHC

No. examined Malaria positives Species-wise

Age group

(year) M F Total Sex-wise Total Age-wise Pv Pt Mix

M r MR %

uptol 1 4 5 i 1 2 Liky 1 1 -
1-Syms 38 35 73 19 25 44 603 8 35 1
6. 15yrs 202 109 2 116 68 184 0.2 7 173 4
16 - 35 yrs 132 103 235 95 o4 160 480 5 153 3
3550 yrs 81 58 139 42 28 kL) 504 - 76 -
Total 454 300 754 274 186 460 21 432 7
precentage  (60.2)  (39.8) - (596)  (404) (61) (4.6) 939 (135)

Positivity Rate was 61%. More than 93% had Pf
infection. As per district epidemiological records
no significant difference in the sex ratio.of ma-
laria positives was found in the overall annual
trend when compared with that in the epidemic
phase. A total of 122 infants during 1990 were
found positive for malaria of which less than
30% had FPf infection. 103 infant positives were
‘from PHC-Baitu. Eighty-eight per cent of the
positive infants were found during September to
November.

Comparative incidence in infants in the district
and PHC-Baitu is shown in Table 6.

(f) Seasonal variation in Pv and Ff infections : As
per 1989 and 1990 monthly incidence records,
transmission period started in the month of July,
with the onset of monsoon. However, high inci-
dence of Py was recorded during August to De-
cember with a peak during October, whereas in
case of Pf, active transmission commenced from

September to December with a peak ih Decem-
ber. Build-up of an epidemic wave in the case of
vivax: was found to be much sharp vhereas in the
case of Pfit was relatively slow but persistent with
increased mortality.

(g) Mortality due to malaria : The intensity of dis-
ease manifestations in Pf cases was quite severe
and symptoms of convulsions, neck rigidity, and
anemia were quite common. A total of 47 deaths
were reported during September to November
with sudden and temporary rise in the mortality
rate in all the PHCs. Eighty-seven per cent of
deaths occurred in the age group 16 and above.
The highest number of deaths (13} was recorded
each from Baitu 2nd Ramsar, folowed by 6 from
Sindhari, 4 cach from Mandli and Samdhari, 3
from Gunga and 2 each from Chohatan and
Gudamalani, Maximum number of deaths (21)
was recorded during October while mortality fig-
ures in September and November were 12 and 14
respectively. There is a distinct possibility of deaths

Tahle 6. Comparative month-wise intidenre of malaria in infants in Barmer {1996)

Jan Feb Mar Apr May Jun Jul Awg Sep Oct Nov Dec Total
PHC-Baitu 3 - - 2 6 - - = 3 32 2 2 103
Barmer (overall} 2 - - 2 6 - 1 1 46 38 23 3 122
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among infants and in paediatric group in view of
equal infection among age groups up to 15, and
16 and above (Table 3). However, these deaths
could not be verified.

Entomological

(a) Vector prevalence : An. culicifacies in rural ar-
eas and An. stephensi in urban towns were found
to be the predominant species among the malaria
vectors. A most significant change in vector prev-
alence/density was found during 1990 as a result
of floods in the rural areas, in comparison with
the 1989 figures. Changes in malaria vectors
prevalence - observed during the normal rainfall
and excessive rainfall years are highlighted in
Table 7.

An. culicifacies, which was recorded in insignifi-
cant numbers during 1989, dominated the scenc
in the post-flood survey of 1990. An. stephensi
adult density recorded during 1989 survey was
between 5 and 15 per man-hour in the villages of
PHC-Baitu and Gunga; it was found to be low
during the current survey in the rural areas, while
asharp rise in An. culicifacies density was mainly
due to an enormous increase in groundwater/
breeding potential. On the ¢ontrary, An. stephen-
si recorded a decline in its adult density, as a
result of floods,-The flood water flushed off the

- INDIAN I, MALARIOL., VOL. 29, MARCH 1992

breeding in the ‘tankas’ due to overflow of water
in the flood-bound areas.

(b) Larval survey : Breeding ot An. stephensi dur-
ing the current survey was most commonly en-
countered in the residential overhead tanks (40%
+ve), gtotmd cement tanks (38% +ve), and ‘tankas’
(8% +ve) in the town, while in the rural areas
domestic and peridomestic ‘tankas’ were found
to be the most prefcrablc breeding sites duting
the 1989 sample survey in PHC-Baitu and Gungs.

(c) Vector susceptibility to insecticides : The
predominant An. stephensi species in the desert
arca of Barmer was tested for its insecticidal
susceptibility at larval and adult stages. The spe-
cies were collected from the town. LC50 values
for larvae against different compounds comput-
ed as per Finney’s probit analysis are given in
Table 8. » .

A high degree of resistance in adults against
DDT and dieldrin/HCH is evident in the species.!
Low survivors at the discriminating dosage .of
malathion need to be verified, In the case of
cyfluthrin, 100 per cent mortality was obtained af -
th exposure t0 0, 05% concentration. Mortalities
at 15 min and 30 min exposure were 60 and 80%°
respectively. An. culicifacies is known to be highly :
resistant t6 DDT and HCH in this region®, '

Tohle 7, Anopheline speeies encountered with per man-hovr density (PMD) and parity rates (PR)

Year and duration of survey ‘Species

_ An. stephensi  An. culicifacies  An. subpictus An.vagus  An. annularis
1989 (Normal rainfa'l) during 2nd week of Nov.
Per man-hour density (PMD) 5-15 1 05-1 - -
Parity rate (PR) ' (50%) (0-1%) (10%) - -
1990 (Excessive rainfall) during 2nd week of Oct.
Per man-hour density (PMD) - 1-3 18-25 20-30 510 1-3
Parity rate (PR) (75%) (44%) (50%) (25%) (30-35%)
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Tehle £ insecticidal svsceptibility of

Arn.stepkenst gt larvel and adult stages

(2) Larval test results

Insecticides DDT - HCH DIN  Malathion  Temephos Deltamethrin
Larval LCS0 (inppm) 0207 0.16 0.46 0107 0.013 0.000047
Insecticides Fenthion Fenitrothioh ~ Chioropyrifos Bromophos
Larval LC50 0.005 0.0007 0.0014 0.0095
(b)) Adult test resnits (Laboratory-reared blood-fed females)
Per cent mortality at the discriminating dosage
Insecticides npT DLN Cyfluthrin Malathion
3.8(53) 1.7(5T)* 106(80)* 96(100)*

* Mo. of mosquitoes exposed.

(d) Assessment of intervention measures

_ Insecticide spray and its impacts : During 1990

- spray operations, only 40% of the population

under malaria risk - was sprayed mainly with DDT

and HCH in the bordering villages. Further, ex-

tremely low room coverage (8 to 50%) had hardly

" any perceptible impact on vector density vis-a-vis
incidence.

-Case detection and treatment : Poor surveil-
lance, inordinate delay in the blood slide exami-
nation and radical treatment also adversely influ-
-enced the epidemic.

DISCUSSION

Christophers’ has described this type of epidemic
as fulminating or “regional epidemic”, which is
.confined to dry tracts of north-west India. Such
an epidemic most often had been found to be
closely associated with flooding and referred to
be diluvial in consequence. Bruce-Chwatt® re-
ferred to regional epidemic when the incidence
of malaria increases sharply over a vast geo-
graphical area, often severe with a high mortality

due to unusual climatic factors. Similar regional
malaria epidemics in the Thar desert of Rajas-
than had occurred during 1975 and 1976 in the
Jaisalmer and Jodhpur districts bordering Bar-
mer as an aftermath of floods. API and AFT had
touched all-time peaks of 38.94 and 4.44 in Jais-
almer and 38.52 and 9.17 respectively in Jodh-
pur®. Though high mortality was recorded, it
could not-be documented due to lack of investi-
gation. Thus the 1990’s malaria epidemic in Barmer
matched in its features with what has been de-
scribed above as a regional epidemic. The events
which led to build-up of epidemic potential were
favourable ecological and climatological changes
as a consequence of floods. Vast stretches of
flood water provided extensive breeding potential
for An. culicifacies, and resulted in its emergen-
ce in high densities. Altered man-animal ratio
brought -this primarily zoophilic species in fre-
quent contact with human population and conse-
quently accelerated the transmission in the pres-
ence of high parasite load in the community. An.
stephensi, which is known tc maintain low to
moderate ‘transmission in this desert region®,
along with An. culicifacies, compounded the trans-
mission potential and caused one of the severest
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epidemics in this desert area. Ineffective insecti-
cide spray coverage,and inordinate delay in case
detection and treatment further worsened the
situation. All-out efforts are warranted to arrest
the persistent transmission trend.
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Gujarat Model of Health Management Information System

with Reference to Malaria

R.C. SHARMA®, HM. THAKERT, A.S. GAUTAM®, RM. BHATT" and D.K. GUPTA*

The Gujarat mode! of health management and information system has been developed with the objective of
reducing the work load of health workers at all levels pertaining to record keeping and report preparation for
enhancing the quality of health services, as well as for better implementation and timely monitoring of health
programmes. Pro formas currently in use under various health programmes have been reorganized and
updated. For monitoring malaria, the total number of registers hasbeen reduced from seven toone, reporting
forms from 23 tosix and the number of columns in reporting forms from 493 to 59. The model is expected to
save the working time of laboratory technicians (15%) and multi-purpose health supervisors (5%) at PHC
fevel and of all workers (100%) engaged in report preparation at district, state and national levels. The data
generated by using this model are expected to be of high quality and accuracy and should lead to more rational

planning.

INTRODUCTION

The national malaria control programme (later
malaria eradication programme) in India was a
show-piece for the world until mid-sixties. Its in-
formation and assessment system was so well
planned that it was a near perfect system. How-
ever, since 1977 the system slowly and steadily
eroded under Multi-Purpose Worker (MPW)
- scheme of primary health-care system. A sound
health management information system is very
important for monitoring the achievements of

Accepted for publication: 15 January 1992,
* Malaria Research Centre (Field Station)
Civil Hospital
Nadiad-387 001, India.

t Primary Health Centre
Palana-387 350, India.

health programmes, perhaps as important as the
programmes themselves. The Government of India
realised the need to review the working of the
existing information system in the country and to
devise a suitable system which would be workable
not only at central but more importantly in states
at various levels. Four states, namely Gujarat,
Mabharashtra, Rajasthan and Haryana, were se-
lected for developing a suitable health monitoring
system with the help of World Health Organiza-
tion. New sets of pro formas were developed for
record keeping and reporting at all levels with the
objective of rationalizing the existing system of
recording information and streamlining .the re-
porting system, utilizing data at each level of col-
lection and timely feedback. In Gujarat, a test run
of newly developed health information system has
been in operation in Gandhinagar district since
1988.
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New MF 1: Deily Rerord of Houses Visited by MPHW

Name of MPHW

Code :

Unit/PHC code Month : Year:

Houses visited

Date |
’_ From To Totet
1 2 3 4

Village-wise aumn:hary of houses visited Signature :
Villape Number of houses visited Date :

New MF 2: Surveillance for Maloria Cases

Name of worker : |

Date of collection :

Worker's code : Type of collection:
! Unit/Institute’s code :
Village 1 House No/ Guest Name of the Patient’s Age Sex
' location/ or head of the full name
areas mobile family
1 2 3 4 5 6 7
|
contd...
New MF 2: Surveillance for Malaria Cases (contd...)
Date Presumptive BS Results For clinics/
of treatment No. (Pv/Pf/ laboratories
onset Mixed
of fever Chloro- Para- with RT. Reason for
quine cetamo} stage) date no R.T.
8 9 10 11 12. 13 14
Technician's name - Code : Worker’s signature :
Signature : Date : Date :
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In ¥/, 1 owumibiee sppointed by the Govern-
ment of India for in-depth evaluation of integrated
vector control of malaria project in Kheda distt. of
Gujarat recommended implementation of project
strategies under primary health-care system, which
was approved by the Central Council of Health in
1988 and accepted by the Government of Gujarat
in 1989, Efforts were made to develop a computer-
based model of health management information
system covering all health programmes in opera-
tion under the primary health care system includ-
ing provision for incorporation of any new health
programme(s) in future. Intensive efforts led to
the development of an innovative model of health
management information system which has been
christened Gujarat model because it has been
developed in this state with the assistance and
cooperation of a large number of workers and
officials of the department of health of the Gov-
ernment of Gujarat. The model has been devel-
oped with the following objectives :

(i) to reduce the work-load of the health workers
in maintenance of records and reporting so that
more time could be devoted to provide the services;
(i) to reorganise and update the pro formas cur-
rently in use so as to avoid repetition of the same

information colimns; (i) to simipiify pro Jormas
for easy understanding, prompt collection of infor-
mation and quick reporting, analysis and feedback
for better implementation of the programme. The
Gujarat model of health management information
system with particular reference to malaria is
described in this paper.

MATEPRIALS AWD METHODS

All pro formas of the existing system for coliection
of information and reporting were studied. The
proposed six input forms (New MF 1 to 6), three
report forms for PHC and five report forms for the
district were discussed with the workers at all
ievels and officials of the department of health of
the Government of Gujarat and Government of
India and were finalised by incorporating the sug-
gestions given by them, Information on monthly
time spent by laboratory technicians and multi-
purpose health supervisors at PHC level, and labo-
ratory technicians at district levelin maintenance/
updating of registers and reporting for malaria was
also collected. One PC/XT with 20MB hard disc
and dBase 11 software was used in the develop-
ment of the modcl.

New MF 3: Daily Record of OPB/Indoar Cases and Fever Cases

(For clinicsflaboratarizs/dispensaries)

Unit's name Month :
Code o Year

Date Totat Cas-es? Fever cases
1 2 3

Total for whole month :

Signature :

Date :

PRS- Y

TTotal of all cases like new, old, indoor and call cases.
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New MF 4: Weekly Report of Badical Treatment of Malaria Cases

{for supervisors)
Supervisor’s code : Year
Unit's code : Weck Month
BS Date of Date of Date of RT. Beason for Reason for
No. BS receipt RT. given by delayed R.T. no R.T.
collection of R.T. (code) (72 h after
information R.T. information)
1 2 3 4 5 6 7
Signature : Date: _

New MTF 5: Daily Work Fecord of Laboratory Technician

Technician’s code : Unit's code : Week :
Date Previous BS Total Bs Backlog Please give reasons Remark of MO
backlog received (2+3) examined (4-5) if column No. 5 is nil for column 7
1 2 3 4 5 6 7 8
Total
No. of working days : No. of days on leave : Technician’s
signature ;
No. of days worked : Average BS examined/day Date :

New MF 6: Monthly Stocl Position Report

Units's code : Month : . Year:
Ttem Opening  Received Total Used Waste/ Balance at the end of the month
balance during (2+3) during breakage
the month the month Pipeline Headquarter  Total
1 2 3 4 5 6 7 & 9

Signature : Date :
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PHC Malariz Report 13 Agency-wise Bloed Smear Collection and Malaria Cases

Month : Year:

PHC:
Agency Area Popu- % BS collection
code lation pop.
covered <1 1.4 514 15+ Male  Female  Total
1 2 3 4 5 ] 7 8 9 10 11
contd...
PHC Malaria Beport 1: Agenry-wise Blood Smear Collection and Malaria Cases (contd...)
Positive
<1 14 5-14 15+ Male Female Total Pf BER
1z 13 14 15 16 17 i8 19 20
PHC WMalaria Report 2: Village-wise §IS Collection and Malaria Cases
PHC: Month : Year:
Village  Popu- % BS collection Positive
lation pop.
covered Active Passive Mass Active Passive Mass
1 2 3 4 S 6 7 8 9
contd...
PHC Malaria Report 2: Village.wise BS Collection and Malaria Cases (conid...)
Pf Total
% P{ BER SPR SPR. PI
Active Passive Mass BSC Pos. Pf
10 11 12 13 14 15 16 17 18 19 26
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PHC Malarie Report 3: Morthiy B.T. Pending Report

PHC: ; Year:

1
! Jen Feb Mar Apr May Jun Ju  Awg Sep Ot Nov Deec

i

No. of ﬁsitim cases
2. R.T.given A. Current month
. B. Previous month

i

3. RT.pending
4. R.T. pending without velid reason
5. R.T.pending due to velid reason
A. Infent
B. ANC!
C. Oid age
D. Weakness
E. Refusal
F. Migrated/Referred
G. Mot traceable
H. Drug reaction
I Death'
J. Discrepancy
6.  Progressive No. of positive cases
7. Progressivé No. of R.T. given
8. Progressivé R.T. pending
9. Progressive R.T. pending without valid rcason
10. Progressive R.T. pending due to valid reason
11. Timelag | same day
" 1-3 days
4.7 days
1-2 weeks
\2-3 weeks
34 weeks
> 4 weeks
District Malarin Beport 1 : Teluka, Aver & PHC. wise Epidemislopirel Doty
Month:  Vear:
Unit Pop. % BS FPositive Pr % P BER SPR
pop. collection
covered
1 .2 3 4 5 6 7 8 9

: canrd...
bistrict Malariz Report 1 : Taluka, Area & PHC .wice Epidemiologicel Dats (contd...)
Progressive'
SFR i
: BSC Pos. Pf % Pf BER SPR SFR Pl

10 11 12 13 14 15 16 17 18 19
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District Malarie Report 2t PHC. wise BE Collection end Positive Cases

17

Month Year:
BS collection
Unit Pop.
Active Passive  Mass <l 14 5-14 15+ Male  Femazle Total
1 2 3 4 s 6 7 g e 10 11 iz
contd...
Distriet Malaria Peport 2t PHC.wige . BS Callection and Positive Ceses (contd...}
Positive
Active Passive  Mass <l 14 5-14 154 Maie  Female Total Pr
13 14 15 16 17 12 19 20 21 22 23
District Malaria Beport 3: Report of Laboratory Technicians
Month : Year:
Name of Unit/ Previous BS Total BS Backlog Mo.of No.of No.of  Average BS
Techni-  Insti-  backlog received (3+4) exam- atmonth working  days days examined
cian tute ined end days on worked per day
feave
1 2 3 4 5 6 7 8 9 10 11
District Malarie Peport 4: Radieal Treatment Report
Month : Year:
RT given R.T. pending RT. pending R.T. pending R.T. pending
Unit/ No. of due 10 valid without without
Institute +ve Current  Previous Current  Previous reasons valid rcasons valid reasons
month  months month  months s {07 > 1 week
Current  Previous
month  months
1 2 3 4 5 6 7 2 9 10
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Jistewes Mamavia Heport 5t itoc Position

Month :

oW Year:
nit/ Opening  Received Total tJscd Wastage/ Balance at the end of the month
‘nutitute  balance during during breakage
the month the month Headquarter  Pipeline Total
1 2 3 4 5 6 7 g ¢

RESULTS AND DISCUSSION

The flow chart of the existing system along with
that of Gujarat model are given in Fig. 1. Under
the existing system, a multi-purpose health worker
(MPHW) collects blood smears from fever cases
and records information pertaining to the patients
in a form. The MPHW also records the same
information in a register. The form is then sent to
the laboratory technician who examines the blood
smears and records the findings on the same form.
The laboratory technician maintains four registers
and sends four reports to the district headquarter
through the medical officer of primary health
centre (PHC). A multi-purpose health supervisor
(MPHS) maintains two registers and prepares five
reports on the basis of information collected from
various sources to be sent tothe district headguar-
ter through the medical officer of PHC. At district
headquarter the reports received from PHCs are
compiled and 13 reports are generated for onward
transmission to the state beadquarter.

In the proposed Gujarat model no major change is
envisaged at MPHW level in the maintenance of
register and filling up of the forms containing
patient’s information except that the form has
been revised by deleting some columns and adding
new ones for making it more informative without
the loss of any information being collected in the
existing system. However, a new form has been
added to record daily house visits to monitor the
population coverage. The laboratory technician is
required to record the findings of blood smear

examination as before in the form submitted by
MPHW. He is also required to submit his work
report as before but he is neither required (o
maintain/update any regisler nor to prepare any
report. Similarly, the multi-purpose health super-
visor is required to report in three forms only and
there is no need to maintain any register or pre-
pare any repart. A total of six input forms (three by
laboratory technician and three by MPHS) is re-
quired to he sent to the district computer centre,
where three reports (PHC Malaria Report 1-3)
will be generated for the use of the medical officer
of ecach PHC for monitoring the work perform-
ance of the workers of his PHC. Reports will also
enable the medical officer of cach PHC to know
the prevailng malaria situation in his area for any
intervention measure to be taken. Similarly, five

cports (District Malaria Report 1-5) will be gen-
erated for district and state level authorities. Re-
portswill enable them to understand the compara-
tive malaria sitvation in different PHC areas of the
district. Repost forms are absolutely flexible as
they are computer-based and can be modified as
per the need at any level.

Details of manual work reguired to be done under
the existing system and the Gujarat model are
given in Table 1. Under the existing system seven
registers and 23 forms containing 493 columns
need to be filled at different levels for monitoring
the programme. [n the CGujarat model only one
register is to be maintained at MPHW level and
there are only six input forms containing 59 col-
umns, The data of a case study on monthly time
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4. Existing System
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Malaria Clinic Information
Unit-wise Malaria Clinic Report
PHC/Taluka-wise Epidemiological
Report

Survcillance Data for the Urban
Areca

Urban Malaria Scheme
Comparative Surveillance Data
Agency-wise Information of FID &
DDC (Rural)

Information of FID & DDC (Ur-
ban)

Information of FID) Established
(Rural)

STATE

fomraen et e

B. Gujzrat Model
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10. Information of DDC Fstablished -
{Rural) 1. Taiuks, Aree & Unit-wige Epidemi-
11. Crosschecking Report of BS Exami- ological Data
nation . 2 Unit-wise Age & Sey-wise BSC and
$2. Section-wise BSC, Type & Fxamina- Positive Eaces
tion IMETRICT i 3. Report of Lehoratory Technicien
13. Section-wise Details of Positive 4. Unit-wice R.T. Report
Cases 5. Unit-wise Stock Position Report
{ 1
. Malaria Clinic Report
2. Microscopists Worl: Report ‘ b — — — ] Com-
[] 3 Section-vise RSC, Examination & { il
Positives T T oo e T T
b la Crors checking Report of BSErami- { ! {1
| nation | 1. Agency-wise BSC and  Malaria | \
Cases
| | 5. Repost of Dispensaries/Iospitals ey 2. Villape-wise BSCznd Malariz Cases | | |
i ﬁ 6. Section-wise & Agency-wise BS Col- PPIMARY 3. RT.Report |
lection Report HEALTH !
[1] 7 Reportof FTD CENTPE {
| f 2. R.T.Pending Report ! !
! 9. Stock Position Report 7 f
L._ mmmmmmmmmmmmm __:E 3. Patient-wise Status of Radicel f !
[ Treatment _J
| o - - | MUETIPURPOSE || 4. Record of OPD Attendance and |
1. Stock Posmoz:.}iegm:cr HEALTH Fever Cases (
I 2. R.T.Pending Register SUPERVISOD 5. Stoek Position i
M e p———————— PR I
i
1. DailyLog-Book for Agency-wise BS 1. Weekly Fepart for Blood Smear f
Collection __l1aporeTORY || Collection. and Evamination 2
Z. Positive Case Register TRCHNICIAN 2. Report of Blood Smear Collection |
3. Section-wise BE Received Examins- with Results
3. Daily Record of House Visits

tion Register
Epidemiological Master Register

!

Report of Blood Smear Collection

b v avancodsl fommve o omenin)

Report of B.S. Coliection

MULTIPURPOSR

. Record of Blood Smear Colleetion

s  HEALTH

WORKEPR. | |

1.
2.

Record of Blood Smear Collection
Daily Record of House Visits

Fig I: Flow chart of existing system and Gujarat model (new system).
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New model (New system)

Tevei Existing system

N Number of Humber of

‘(«;ggis‘m;s‘ o Forms Columns Registers Forms Columns
v MPHW 1 1 1 2 32
%o ab, Tech, 4 % 199 - 1 g
3. MPH Supervisor % 5 - i 7
. PHC - - ) 12
5. Disiniet - 13 - - -
i - 493 1 6 59

Totai 7 23

spent on manual maintenance/updating of regis-
ters and reporting for malaria in Kheda distt. are
given in Table 2,95 laboratory technicians and 105
MPHS at PHC level, and threedaboratory techni-
cians at district level spend equivalent to 425 man-
days of their time in maisntenance/updating of
registers and reporting, which is approximately

equivalent to 19 workers involving an expenditure
of about Rs. 3,42,000 every year @ Rs. 1500 per
month per worker. Against this, in Gujarat model
the time required is cquivalent to seven workers
only, which is likely to cost Rs. 1,50,000 per year,
giving a net saving of time (man-days) equivalent
to Rs, 1,92,000 as per the details given in Table 2.

Tahle 2. Monthly time spent in reporting and npdating malaria in Kheda district

Time spent in man-days/month

A. Bxisting system B. New model

1. 95 Lab. Tech. @ one hour/day for 22 days in a month 299 1. RO. 1

2. Programmer 1

3. Dataentry operator 5
2. 105 MPHS @ 1 day per month 108
3. 3Lah.Tech. @ 7 day per month 21
425

= 19 workers = 7 workers

Expenditure for one year

A. 19 workers @ Rs. 1509/month for one year

Rs. 342,000

B. (i) Sworkers @ Rs. 1500/month = Rs. 90,000
(ii) 1 worker @ Rs. 2000/month = Rs. 24,000

{(iil) 1worker @ Rs. 3000/month = Rs. 36,000
Sub-total = Rs. 150,000

Net saving/year = Rs. 192,000
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Saving in one year would alone be sufficient to
finance five computers required for Fheda distt.
(35 Iakh population). Some small savings are ex-
pected on stationery as well, which have not been
computed. Annual service charges, expected tobe
10% of the cost of computers, can be financed
from the savings in subsequent years. One may
argue that there may not be any of financial gain
because the time saved equivalent to 19 workers in
Fheda distt. as estimated is onlikely (o reduce the
number of workers as such. But the time saved can
be utilised in improving the quality of services
which can be achieved under the existing system,
only by hiring more workers. At present there exist
a number of vacancies in the programme duc to
vartous constraints. By adopting the proposed sye-
tem many of them may not be required to be filled.

In the existing system, though the parameters, e.g.
Annual Blood Examination Rate (ABER), An-
nual Parasite Incidence (API), Slide Positivity
Rate (SPR), Slide falciparvm Rate (SfR) and per
cent P. falciparum are caleulated, only APT is the
main parameter currently used for stratification of
the arcas for the purpose of spraying of the resid-
val insecticide in rural areas under the MPO2
For the regular monitoring the per cent increase
or decrease in malaria cases in the corresponding
month of the previous year, the previous month of
the same year along with the progressive figures of
the current year, with that of the corresponding
period of the previous year, are also compared.
However, it has been observed that such compari-
song are almost always tentative owing to late and
irregular receipt of reports at various levels, which
defeats the very purpose of monitoring. For ex-
ample, epidemics are usually detected when they
have already occurred, specially due to near non-
eyistence of an appropriate monitoring mecha-
nism**,

The Gujarat model envisages (i) elimination of
maintenance of all registers except one at MPHW
level and manual report preparation at all levels;
(it} timely flow of information in six input forms
containing only 59 columns, which in turn is ex-

peeted to help in peneration of reports quickly;
(iif) up-to-date data for timely intervention meas-
ures if required; and (iv) monitoring of the work
performance of each worker as it envisages moni-
tering of the population coverage by individual
worker in gpace and time for detection of malaria
cases, blood smear examination rate, radical treat-
ment to malaria patients, time-lag between blood
smear collection and radical treatment and dis-
crepancy rate in blood smear examination by the
faboratory fechnicians for overall improvement
of the programme by timely assessment and
necessary inputs and also for forecasting of any
brooding outbreal of malaria.

Se far ax the monitoring of malaria control pro-
gramme 15 concerned no attempt has been made
to improve the system specially by using a com-
puter. Any altempt to improve the system by
retaining manual mode of reporting without re-
ducing the work-load of the workers in mainte-
nance/updating of registers and reporting is likely
toretain the problems of irregular and late report-
ing. Also, most of the information collected in the
manual mode of information system goes waste in
the ahsence of thorough and timely analysis of the
data due to various limitations. Therefore, the
computer-based Gujarat model of health manage-
ment information system appears to be the ans-
wer to improving the malaria control programme
for better service (o the community under MPW
scheme of primary health care system.
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Antigenic Diversity amongst Ten Geographic Isolates of
Plasmodium falciparum Defined by Merozoite Invasion

Inhibition Assay

A. BHATIA® and A. VERNEST

The extent to which human antibodies involved in functional immunity react with antigenic determinants
varying between different isolates or straine of human malaria parasite Plasmodium falciparum wili
influence the design of vaccine against malaria. In this study, in vitro inhibition of merozoite invasion in
erythrocytes by an immune human serum was used to define the antigenic differences in 10 isofates of P.
Jalciparum from three endemic areas, i.e. Africa, South America and Southeast Asia. The serum inhibited
the invasion of merozoites of all the strains but the cxtent of inhibition varied from low to moderate to high
degree indicating antigenic differences amongst isolates of P. falciparum. The antigenic differences could
not be correlated to the geographic origin of the parasite isolate.

INTRODUCTION

Antigenic diversity in parasiie has an important
application in the development of acquired im-
munity and in vaccine research’. The advent of P.
Jaiciparum in vitro culture technique® facilitated
the development of in vitro growth inhibition and
merozoile invasion inhibition assays which have
been widely employed™' to gain a better under-
standing of the acquired immune response to
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malaria infection as well ac to study antigenic
differcnces in various isolates of P. falciparum. It
has been shown that due fo antigenic variations
the protective immunity against malaria parasite
P. falciparum is strain-specific’? and even isolate-
specifict 2, Homologous straing are inhibited more
than heterologous strains. In this study, antigenic
diversity in asexual stages of P. falciparum was
demonstrated by the varying effect of immunce
human serum on the invasion of erythrocytes by
the merozoites of 10 isolates of P. falciparum
from different malaria-endemic regions, i.e. Af-
rica, South America and Southeast Asia. At-
tempts were made to correlate the antigenic
diversity as defined by per cent inhibition of the
invasion of merozoite and the geographic origin
of the isolate.
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Yoo s OF P falcipanam Irom Snown saidana-
ardemic regions, Le. Africa, South America and
southest Asia, were selected for the study, The
wraing and the countries of origin are given in
“able 1.

Strains FCR A, Hux ' oand CAMP were gifts of
Walter Reed Army Institute of Research, Wash-
mgton D.C. Other strains were isolated from
human infections and adapied to in vitro culture
iy our laboratory.

Parasite culture

All the strains previously adapted to in virro culti-
vation and stored by cryopreservation were thaw-
ed and cultured in vitro using RPMI medium, O
human red blood cells and 10% human serum of
the group A*, Rh' 1.

Immune human sersm (1HS)

This was collected from a donor who was a
nonnative resident of Madagascar and was recog-
nised to be immunc to P. falciparum. In previous
studies in our laboratory his serum was found 1o
be highly inhibitosy (o merozoite” invasion (of
erythrocytes) of FCR 3 strain'*, Normal human
serum was uscd as control. Both types of sera
were heat-inactivated at 56°C for 40 min before
usc.

Synchronisation

Plasmodium falciparion cultures were synchront-
sed by a sorbitol lysis procedure by the modified
method of Lambros and Vandenberg” as de-
seribed by Vernes ef ol.'% Briefly, the asynchro-
nous cultures were centrifuged, the pellet was
resuspended in D-sorbitol (Calbiochem), diluted
with 0.1% glucose to give 5% D-sorbitol, vortexed,
incubated again, vortexed and centrifuged, there-

AL N wa b b e

Vanie o iteRs b PGS Iod g jIHEPS R, SUBINES oF
1 igin and per cend mevozaite invasion inhibition by an
mmane haman servm at 1:£ dilntion of the sevum

Srain Country Per cent

of invasion

origin inhibition
SCR 3 The Gambia 72.2
Tux | Brazit 65.2
BAR French Gujana 729
DUF French Guiana 45.0
DS Senegal 55.4
ADA Ciabon 55.2
ALB Comors isiands 79.0
TAR Cormoro Islands 5713
CAMP Malaysia 472
FCF 1 Combodia 450

by destroying the more mature stages of the
parasite but lecaving the ring stages intact. The
parasites were further cultured for another 27 &
and the procedure was repeated once, The cul-
tare was then diluted with normal human eryth-
rocytes to provide a 0.15% of parasitaemia. After
another 72 h of culture and media changes at 48
and 64 h, 20-90% of the parasites were in the
carly schizont stage with a parasitacmia of about
1%. This was used to start the inhibition of
invasion assay.

Inhihition of werozoite invasion assay

The assay was carried out in accordance with the
procedure of Vernes et a2 Microcultures (100
ul, 1.5% v/v type O buman crythroeytes 1% of
which were parasitised with synchronised schi-
zont stage parasite) in sextuplicate wells of 96
well flat bottom plates (Costar) were incubated
ia the presence of immune human serum or
conirol serum. The scra were used at dilutions of
1:5, 1:10 and 1:20. The cultures were kept over-
night for 18 h beginning at the schizont stage and
ending after reinvasion. The microcultures were
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washed twice and cultured with normal medium
for another 8 h before triplicate wells were pulsed
with 0.5 pci of *®H hyporanthine (Ameraham) in
25 pl medium for a final 16 h. Disintegration per
minute of incorporated radioactivity as well as
parasitacmias (per cent parasitacmia studied in
‘Giemsa-stained smears) was determined. All
incubations were at 37°C in a humidified armos-
phere of 5% CO,, 5% O,, and 0% N,

The percentage of inhibition of invasion corres-
ponding tn the serum dilutions present in the
culture medium at the time of reinvasion was
calculated using the formula:

Parasitaemia or in-
corporation in im-
mune human serum

25

The per cent inhibition was graded into three de-
grees — low (38-5019), moderate (50-70%) and
high (> 70%).

BESULTS

Preliminary experiments showed good correla-
tion between the estimates of invasion obtained
using incorporatior: of *I4 hypoxanthine or mor-
phological evaluation (Fig. 1).

The per cent inhibition of merozoite invasion was
maximum at 1:5 dilution of 1THS (Fig. 2). All the
isolates were inhibited by THS at all the dilutions
but the degree of inhibition varied. At 1:5 dilution
of IHS the per cent merozoite invaston inhibition
observed was between 40 and 80 by all the strains
(Table 1). A high degree of inhibition (> 70%)

Per cent inhibition = 100 . X 100 . . N
Parasitaemia or in- was ohserved in three strains, FCR 3, BAR and
corporation in con- ALR, belonging to the Gambia, French Guiana
trol human serum and Comoro Islands respectively.

7 = - 7
] T ko aadiad {3
6 e (”4"' . . g ™
P “ SHYPOXANTHINE UPTAKE WITH CONTRGL SERUM +
- o
1 Q
-~ b [y o
=5 % PARASITARIMIA WITH CONTROL SERUM =} J 7
e z
= 2
2 4 -l Z
. m
g - g
fm £ .
z°r £ ~43E
o Mrf EHYPOXANTHINE UPTAKE WITH (HS m
e. 72| e -2 =
’ >
=3
2 p
ii- % PARASITAEMIA WITH IHS e
j ) -
15 110 1:20
SERUM DILUTION
Fig. 1: Merozoite invasion of FCR 3strain of P. falcipariem inthe presence of different

dilutions of control or immune human serum (IHS), estimations of invasion

hade by incorporation of 31 hypoxanthine and morphological cvaluation.
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THSCUESION

Our results reveal sbai toguired anisnaiariai
antibody in adults living in malaria-cndemic re-
gion can inhibit the in vitro invasion of P. faicipa-
rum merozoites in erythroceytes. The in vitro inhi-
hition of parasite growih and merozoite invasion
assays have heen widely employed to study the

role of protective antibodies. Merozoite invasion

inhibition assay rather than intraerythrocytic
parasite growth has been suggested to measure in
vitro functional immunity®? since it quantilates a
decrease in viability of the parasite by an immune
nrocess which thus has an obvious funclion in
protecting the host. In our study fen geographic
isolates of P. falciparum were used as a target for
an immune human serum. Broadly, these isolates
could be divided into three malaria-endemic re-
gions or geograhic areas, i.e. Africa, South Amer-
ica and Southeast Asia.

Dur results reveal that merozoites o ail he
sirains were inhibited from invasion in zrythro-
ytes but the degree of inhibition varied. More-
over, the per cent merozoite invasion inhibition
was nol restricted to any particular geographic
area isolates. The resultant inhibition in MTJ
assay could be due to qualitative or quantitative
antigenic differences or similarities in the para-
site isolates and hence could be used as an index
of antigenic differences or ubiquity. The inhibi-
tion of all the isclates by the same serum in our
study reveals that P. falciparum isolates which
had similar or different geographic origins do
share some common antigens. Our studies cor-
roborate the findings of Vernes ef al.', and Chulay
et al '°, who found that inhibition of merozoites
was not limtted to any geographic origin of the
parasitc in their studies on Cambodian immi-
grants sera and FCR, and CAMP sirain of the
parasite; and strain-specific owl monkey sera and
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various culture lincs of parasites respectively. It is
likely that most of the antigenic strains or sero-
types of P. falciparum parasites to which func-
tional immunity naturally develops are common
or are hecoming common to georgraphically di-
verse areas. Further, our results indicate vari-
ation in the degree of inhibition by various iso-
lates. This could he due to either the lack of
certain antigens or insufficient quantity of those
antigens to which inhibitory antibodies were pres-
cnt in the serum.

Muoreover, in our studies, isolates from the same
geographic origin were not inhibited to the same
extent, c.g. BAR and DUF from French Guiana
or ALB and TAB from Comoro Islands. This
shows that there could be antigenic differences
(quantitative/qualitative} in the isolates of the
same geographic origin also. These findings are
quite similar to our previous observations made
by using immunoprecipitation technique and
monoclonal antibodies and the same P. falcipa-
rum isolates'. Similar lack in correlation of anti-
genic differences and geographic origin of the P.
faiciparum has been shown by McBride ef al.'®.
On the other hand, studies with human sera
samples and various isclates of P. falciparum
have shown that homologous isolates are invari-
ably inhibited more than heterologous strains
indicating the restriction of some antigens in
isolates of one particular geographic area*®,

Our results underline the importance of mero-
zoite surface antigens and indicate that in isolatcs
from various geographic origins there are some
shared antigens and that antigenic differences
could oceur in the isolates of P. falciparum from
the same region. Hence antigenic variation/dif-
ferences/ubiquity must be taken into account
while selecting or including strains and antigens
for designing a malaria vaccine or for diagnosis.

REFERENCES

1. Hommel, M. (1985). Antgenic vanation in malaria
parasites. fmmunol, Today, 6: 28-33.

2. Trager, W. and 1LB. Jensen (1976). Tluman mafaria
parasites in continuvous culture. Science, 193: 673-675.

CANTIGENIC DIVERSITY

wr

6.

27

Haynes, LD., C.L. Diggs, F.A. Hines and R.E. Desjar-
dins (1976). Culture of human malaria parasites —
Plasmodium falciparum. Nature, 265: 767-769.

Brown, C.V,, R.F. Anders and G. Enowles (1983).
Differential effect of immunoglobulin on the in vio

growth of scveral isolates of Plasmodium falciparum.
Infect. Immun,, 39: 1228-1235,

Cowen, N., R. Clancy, A. Crrips and M. Alpers (1983).
A microassay for detecting merozoite inhibition suit-
able for routine laboratory use. American J. Trop. Med.
Hyg., 32: 6-10.

Cowen, ML, R.L. Clancy, 1.L. Tulloch, A.W. Cripps
and M.P. Alpers (1983). Analysis of patterns of growth
inhibition of P. falciparum in synchronised culturcs
induced by serum from children and adults from Ma-
dang, Papva New Guinea. Australian J. Exp. Biol. Med,
Sei., 63: 513-520.

Jensen, LB, M.T. Boland, N. Hayes and M.A. Akood
(1982). Plasmodium felciparum: rapid assay for in virro
inhibition due to human serum from residents of ma-
larious area. Exp. Parasitol., 54: 416-424,

Nunilon, E. Sy, R.B. Oberat, P.S. Macslagy, V.D.
Fallarac S.F. Crugada and L.W. Laughlin (1990). In
vitro growth inhibition of P. falciparum by sera from
different rexions of the Philippines. American J. Trop.
Med. Hyg., 43: 243-247.

Stanley, HA, and R.T. Reese (1984). Jn virro inhibition
of intracellular growth of P. falciparum by immune
sera, American J. Trop. Med. Hyg., 33. 12-16.

Schofield, L., A. Saul, P. Myler and C. Kidson (1982).
Antigenic differences among isolates of Plasmodium
falciparum demonstrated by monoclonal antibodies.
Infect. Immun,, 38: 893-897.

Bouharoun-Tayoun, H., P. Attanath, A. Sabcharson, T.
Chongsuphajaisidhi and P. Pruithe (1990). Antibodies
that protect humans against Plasmodium falciparum
blood stages do not on their own inhibit parasite growth
and invasion in virro but act in cooperation with
monocytes. J. Exp. Med., 172: 1633-1641.

Vernes, A., J.D. Haynes, P. Tapchaisri, J L. Williams, E.
Putoit and C.L. Diggs (1984). Plasmodium falciparum
strain-specific human antibody inhibits merozoife inva-
sion of erythrocytes. American J. Tvop. Med. Hyg., 33
{2): 197-203.

Wiison, 2.4.M. and R.S. Phillips (1976). Method to test
inhibitory antibodies in sera to wild population of
Plasmodium falciparum. Nature, 263: 132-134,

Delplace, P, JF. Dubremetz, B. Fortier and A. Vernes
(1985). A 50 kDa Plasmodium falciparum culture
medium antigen specific far the merozoite release rein-
vasion stage is processed from a 126 kDa schizont
precursor. Mol. Biochem. Parasitol., 17: 239-251.

Lambros, C. and J.P. Vandeaberg (1979). Synchronisa-
tion of Plesmudmm filciver . oy dirocytes stages in
culture. J. Parasitol., 6% 415420,



16.

17.

INDIAN L MALARIOL

Chulay, J.D., 1.D. Hayncs and 1. Diggs (1985). Sero-
types of Plasmodium falciparum defined by immunc
serum inhibition of in virro growth. Bull. WHO, 63: 317-

323

Bhatia, A., P. Delplace, B. Fortier, JF, Dubremety, and
A. Vernes (1987). Immunochemical analysis of a major

.. VOL. 29, MARCH 1992

18,

antigen of Plasmodium falciparum (P 126} among ten
geographic isolates. American 1. Trop. Med. Hyg., 3¢’
15-19.

McRBride, 1.5, D. Walliker and G. Morgan (1982), Anti-
genic diversity in human malaria parasites Plasmodium
falciparum. Science, 217: 254-257.



Indian Journal of Malariology
Vol. 29, March 1992, pp. 29-34.

Observations on Malaria Patients Seeking Treatment in
Hospitals in a Rural and an Urban Area of 5ri Lanka

R. RAMASAMY*, M. SUBANESAN", A, WITESUNDERET, NI, FERNANDO? and

M.S. RAMASAMY™

Malaria in Svi Lanka s endemic in the dry zone and occurs during epidemics in the wet zone. A survey was
carried out o mataria patients presenting at a hospital focated in 2 predominantly rural area in the dry zone
(Polonnaruwa) and an urban area in the wet zope (Ragama). Higher incidénce of Plasmodium falciparum
infections than reported nationally were observed in hoth locations, Of particular interest is the rapidity
with which patients gained access to hospital treatment after the onset of malaria symptoms. The observed
mode is 3-6 days, It is postulated that early treatment may impair the development of clinical immunity to

malaria in the Sri Lankan population.

INTROBUCTION

Sri Lanka is an island with an area of 65,525 km?
Jocated between latitudes 5.55° and .9.50° north
of the equator. The central hills of the island
divide the surrounding plains into two distinct
zones, viz. the wet zone and the dry zone. The wet
zone, located in the central hills and the south-
west of the country, receives rainfall mainly dur-
ing the northeast monsoon in November-January
and the southwest monsoon in May-July. Inter-
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monsoonal rains also occur in the wet zone. The
dry zone reccives maximal rainfall during the
northeast monsoon and little or no rain during
the rest of the year. Malaria in Sri Lanka is
endemic in the dry zone with a peak of transmis-
sion during the northeast monsoon season’, and
typically occurs during epidemics in the wet zone.
Plasmadium vivax and P. falcipanim are the causa-
tive organisms of malaria in Sri Lanka. Tn 1989,
198,651 cases of P. vivax malaria and 65,345 cases
of P. falciparum malaria were reported in the

. country % In Sri Lanka, malaria causes very little

mortality, probably less than 100 per year’. In
rural Africa where malaria is hyperendemic, there
is high mortality, particularly amongst children,
from malaria. For example in the Gambia, ma-
faria causes 10.7 deaths per 1008 per year in
children aged 1-4 years and 6.3 per 1000 per year
in infants and is responsible for 25% and 4%
respectively of all deaths in these age groups’.



R P TV L A VIR I ST PR U TS VRIS B 1 ]
U PRRBURD
f

IR
!

: yf

iy 7 ) T ;3 ; ¥ ; I S 0
118 1670 2125 2630 3135 36-40 445 46-50 51-55 5660 6165 66-70
AGE GROUP

g e dminbuuon i panents st Polonnaruwa hospital (January- Febraary 1991).

$eh M PERSONS

1115 1620 7125 2630 3135 36-40 4145 4B-H0 5155 56-60 6165 6670 775
AGE GROUP

g 2 Age Jistnbution of patients ai Ragama hospital (December 1990 fanuary 1991).



RAMASAMY £74L. : MALARIA PATIEMTS IN SRI L ANKA 31

- Jn malaria hyperendemic areas of the world, e.g.
rural Africa and Papua New Guinea, adults often
develop a significant degree of clinical immunity
to malaria. While this may occur to some extent

in the endemic areas of Sri Lanka, it is also
. observed that recurrent attacks of malaria are
not uncommon among many adults who have
- lived in such areas since birth®. Thus it is of
interest to investigate factors that may possibly
hinder the development of immunity in the Sri
Lankan population in comparison with those in
- Africa and Papua New Guinea.

We carried out a survey on malaria patients re-
porting to the Polonnaruwa Base Hospital lo-
cated in the malaria-endemic, north-central prov-
ince in the dry zone of Sri Lanka. This was
performed during the peak of the transmission
season, which occurs soon after the advent of the
northeast monsoon in November-February. At
the satne time an epidemic of malaria occurred in
the northern outskirts of the city of Colombo,
which is located in the wet zone on the west coast
of the island. Malaria patients at the Colombo
North General Hospital in Ragama were there-
fore surveyed for comparison.

MATERIALS AN METHORDS

A close-ended questionnaire was designed and
this was completed by physicians at the Colombo
North General Hospital in December 1990 to
January 1991 and in the Polonnaruwa Base Hos-
pital in January 1991 to February 1991. Data
were obtained on patients who were diagnosed to
have malaria confirmed by positive Giemsa-stain-
ed blood films. The blood films were cxamined
by standard procedures by microscopists attached
to the hospitals from the Anti-Malaria Cam-
paign, Ministry of Health.

The first 100 patients at the North Colombo Hos-
pital and the first 63 patients (including a number
of soldiers stationed in the area) at Polonnaruwa
hospital who sought treatment during the time
period provided data for the study.

RESULTE

At Polonnaruwa the distribution of the ages of
persons seeking treatment for maiaria showed a
skewed normal distribution with a mode of 21-25
years (Fig. 1), reflecting the presence of soldiers
in the sample. At Ragama, while the mode was
again 21-25 years there was a much greater, even-
age distribution among patients (Fig. 2)

The number of days that elapsed between the
onset of symptoms and sceking of treatment was
not very different in the two hospitals (Figs. 3 and
4}. The mode was typically 3-4 days and 5-6 days
in Polonnaruwa and Ragama respectively, The
vast majority of patients sought treatment within
& days in both hospitals.

A comparisen of clinical, parasitological and other
relevant features of malaria patients presenting
at the two hospitals is given in Tables 1 and 2.

BISCUSSION

The observations made in Folonnaruwa and Ra-
gama indicate that the ratio of P. falciparum 1o
P. vivax infections is considerably higher than
the 1:3 ratio of infections reported nationally?
and may reflect an increased severity of symp-
toms associated with P. falciparum infections in
Sri Lanka, Although a greater number of male
patients were observed at botl: locations no con-
clusions regarding differential susceptibility to
malaria can be drawn without more extensive
studies. Most patients sought hospital treatment
well within 8 days of the onset of symptoms and
were usually accompanied by friends or relatives,
showing that considerable family and community
help was available to-the patients. However more
than 50% did not perceive their iliness as ma-
laria, which was surprising, particularly in a ma-
laria-endemic area such as Polonnaruwa. This
suggests the need for educating the public on
malaria, More than half the patients had ob-
tained other forms of treatment before coming to
hospital. In the urban area of Ragama, 61% of
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Tahle L. Comparison of some clinical and parasitologicai
features of patients at Polonnaruwa and
Ragama hospitals

Polonnaruwa Ragama
1. Pavasite
P, falciparum 65.1% 43%
P. vivax 34.9% 49%
Both - %
Not determined - 1%
‘2. Stages of parasite observed
Asexual stages 96.8% 83%
Sexual stages - 1%
Both asexual and sexual stages 32% -
Mot determined - 16%
3. Clinical features
Pallor or anaemia 3.2% 18%
Palpable liver 34.9% 88%
Palpable spleen 34.9% 76%
"4, Previous artacks of malaria in 5 yrs.
© Yes 58.7% 10%
No 39.7% 86%
Mot mentioned 1.6% 1%
5. No. of previous malaria episades in 5 yrs.
One 238% 1%
Twao 111% 7%
> two 22.2% 2%
6. Symptams on presentation
Fever 96.8% 95%
Headache 95.2% 6%
Chills and rigors 85.7% 95%
Vomiting 44.4% 17%
Aching limbs B4.1% 18%
Others 19.0% 1%

* the patients had consulted private medical practi-
tioners, while in Polonnaruwa other forms of
~ treatment, from ayurvedic to native physicians,
- were more popular. In another epidemiological
~ study carried out at Kataragama in the extreme
- south of the country, it was chserved that more
than 50% of patients presented themselves for
diagnosis and treatment within two days and more
than 90% within four days of the onset of symp-
toms®>.

These observations suggest that access to medi-
cal treatment for malaria is both readily available
and rapid in many, if not all, areas of Sri Lanka, A
malaria infection with attendant clinical comphi-

cafions and mortality s therefore likely (o be
relatively rare and this situation is in contrast to
that which prevails in much of rural Africa and
Papua New Guinea. A consequence is that there
may be insufficient time for an anti-parasite im-
munc response to develop fully in a patient in Sri
i.anka before the infection is cured. Detailed
studies on the levels of immunity in Sri Lanka
and other malaria endemic areas are needed to
substantiate this hypothesis. However, such in-
vestigations are difficult to perform becanse
immunological parameters that correlate with
clinical immunity to malaria are not yet clearly
identificds,

From the epidemiological viewpoint rapid cure of
malaria tends to reduce malaria transmission by
Tahle 1. Comparison of some sociclogical featnres of

malaria patients at Polonnaruwwa and
Ragama hespitals

Polonnaruwa Ragama

1. Sex

Male £8.9% %

Femaje 11.1% 29%
% Marital status

Married 39.7% 53%

Unmarried 571% 38%

Hot determined 12% 9%
3. Person accompanying 1o hospital

Parent 15.9% %

Spouse 7.5% 17%

Children 3.2% 25%

Other relatives 23.8% 14%

Friends 81% %

{Jnaccompanied 6.3% 3%

Not mentioned 4.8% -
4. Perception of illness as malaria

Yes 3.7% 9%

No 55.6% 57%

Don’t know 4.8% 1%

Not determined - 3%
5. Other treatment before coming to hospital

Yes 61.9% 0%

Mo 36.5% 30%

Not determined 1.6% -
6. Source of previous treatiment

Private medical practitioner 11.5% 61%

Others including traditional medicine 44.5% Y%
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reducing the number of persons who are infective
to mosquitoes. However, we specolate that it may
canse the opposite effect by increasing the num-
ber of non-immune or malaria-susceptible indi-
viduals in the population. Delaying malaria treat-
ment is ethically unacceptable, but the possible
consequences of early treatment for malaria epi-
demiology need to be recognized.
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BEreeding Habitate and their Contribution to Anopheles

stephensi in Panaji

ASHWAMI FUMAR® and D. THAVASELVAM®

A one-year jongitudinal study conducted in 9 categories of breeding habitats in Paneji, Goa, showed that
L.1% of the~67,360 breeding sites contained Anopheles stephensi immatures and the overall positivity varied
from 0.4 to 3.5% with a peak in June. The habitat-wise proportion of An. stephensi was : wells, 0-1.3%;
fountaing, 14-11.4%; masonry tanks, 0.8-6.1%; overhead tanks, 0.1-4.0%; curing water in construction sites,
.6-9.0%; groundwater tanks, 0-1.4%; tyres, 0-8.9%; barrels and tins, 0-5.4%; and intradomestic containers,
0-1.9%. An. stephensi was breeding slong with An. subpictus, An. vagus, An. barbirostris, Culex
guinguefasciatus, Cx. visknui, Ae. aegypti, Ae. albopict:s and Ae. vittatus.

INTRODUCTION

Anopheles stephensi is an important vector of
urban malaria in India. The species has been
incriminated in different parts of the country and
is capable of maintaining transmission at very low
densities ™, In urban areas, it plays, along with
An. culicifacies, an important role in the periodic
malaria epidemics®. An. stephensi recently estab-
lished a strong foothold in Panajl, the capital city
of Goa, resulting in an outbreal of malariz in
198657,

An. stephensi breeds in a variety of domestic and
peridomestic habitats of permanent, semi-per-
manent and temporary nature. Most reports on
the breeding of An. stephensi are bascd on spot
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* Malaria Research Centre (Ficld Station)
Directorate of Health Services Building

Panaji, Goa-403 001, India.

larval surveys, Batra and Reuben®, who con-
ducted a longitmdinal study on An. stephensi breed-
ing in wells and cisterns in Salem (Tamil Nadu),
found that wells were the main sites of vector
breeding in that city. In Goa, An. stephensi could
not be collected in adult catches *° but breeding
was detected in Panaji in a single spot survey in
29.6% out of 118 breeding sites’, Information on
seasonal prevalence of An. stephensi in different
habitats is lacking, which would be important in
organising anti-larval measures. Hence, a longi-
tudinal study on the breeding habitats of An.
stephensi was conducted in Panaji in 1990, The
results of this study are given in this paper.

MATERIALS AND METHODS
Study Area
Panaji is situated at 15° 31°N latitude and 73°

52°E longitude. The city has a population of
about 43,000 and an area of 7.5 Fm? divided into
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5 owmutipal waids, YVopograpincally the land is
ndulating and most of the inhabitation is on and
unound Altinho hillock. The river Mandovi runs
siong with northern expanse of the city. Weather
wnditions in Panaji are mild throughout the year
with maximum temperature fluctuating between
3.8 and 36.2°C and minimum between 18 and
23.2°C, and the relative humidity varies from 75
fo 95%. Rains start in May and continue up to
Havember.

Sampling

A search for probabie breeding sites of An. stephen-
si throughout the city revealed the presence of
593 operational wells, 32 abundant wells, 3004
overhead tanks, 789 groundwater cisterns, 191
masonry tanks, and 19 fountains. Besides, a large
number of tyres, barrels, tins, bottles and a vari-
ety of other intradomestic containers were also
surveyed on weekly basis. Five samples were
drawn from cach well using a galvanized iron
bucket of 15-litre capacity. A similar number of
samples were taken on cach visit from fountains,
overhead tanks, groundwater cisterns and ma-
sonry tanks with the help of dippers of 300 ml
capacity and 12.5 cm dia. Plastic bowls of 300 ml
capacity were used to draw samples from large
tyres and barrels whereas, pasteur pipettes were
used to collect immatures from narrow tyres,
curing water and intradomestic containers. The
immatures were transported to the Jaboratory in
plastic containers with screw caps and reared at
room temperature by providing a mixture of dog
biscuit powder and yeast in 3:1 ratio. The adults
emerged and dead larvae from cach sample were
identified using the keys of Christophers', Bar-
raud'?, and Puri®®,

Puring the period of study, various control mea-
sures were undertaken following the detection of
An. stephensi breeding in the city. These included
weekly introduction of five species of larvivorous
fishes, viz. Aplocheilus blockii, Aplocheilus lineatus,
Rasbora daniconius, Gambusia affinis and Poecilia
reticulata, at the rate of 5 fishes per m?, in wells,
tanks and fountains and wherever required. Thirty-

fwo aisidan. wells wers appuo @8og, 10K cm’
layer of expanded polystyrene beads™, The Na-
rional Filaria Control Programme unit of Panaji
used 3 ppm temephos (50% emulsifiable concen-
trate) to treat curing water and overhead tenks
sparingly.

RESULTE AND DISCUSSION

Mosquito-breeding sites were searched on 67,360
occasions and 3010 (4.5%) were found positive
for the mosquito immatures. Twenty-four species
emerged from the samples. These were Anopheles
siephensi, An. culicifacies, An. nigerrimus, An,

~ jamesi, An. barbirostris, An. theobaldi, An. varuna,

An. tessellatus, An. splendidus, An. subpictus, An.
vagus, Culex quinquefasciatus, Cx. tritaenioriyn-
chus, Cx. vishmd, Cr. nilgiricus, Cx. univittatus,
Cx. (lutzia} fuscanus, Cr. pelidus, Cx. mimulus,
Ae. acgypti, Ae. albopictus, Ae. viftatus, Armigeres
subalbatus, and Toxorhynchites splendens.

An. stephensi cmerged from 747 samples, ac-
counting for 1.1% of the total breeding habitats
surveyed and 24.8% of the total positive sites,
The pasitivity index of all the breeding sites and
species pooled together varied from 2.2 to 9.8%
in different months and peak positivity was ob-
served in July (Table 1). On the other hand, 4n.
stephensi positivity ranged between 0.4% in De-
cember and 3.5% in June.

The habitat-wisc mosquito breeding in Panaji is
given in Table 1. The data show that the overall
positivity in wells declined from 8.3% in January
to 1.6% in August. An. stephensi positivity was
highest in June (1.3%) and there was no breeding
from Qctober il December. The low positivity
of the wells can be attributed to the stocking of
farvivorous fishes. Only occasionally T and 1T in-
star larvae were encountered in the wells. The
positivity of An. stephensi fluctuated greatly in 19
ornamental {ountains located in the gardens and
bungalows. The highest positivity (11.4%) was
detected in February and lowest (1.4%) in Au-
gust.
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In masonry tanks near construction sites, brecd-
ing was found throughout the year but peaked in
July when 6.1% supported An. stephensi breed-
ing. In 1990, 126 multistorey buildings were un-
der construction. Water used for curing cement
on each floor of these buildings was found to sup-
port good breeding of An. stephensi. The overall
breeding in curing water ranged from 2.9 to
17.3%, whereas per cent positivity of An. stephen-
si varied from 0.6 ta 9.0. A sudden spurt in An.
stephensi breeding was observed in the construc-
tion area from May to July and this was associ-
ated with monsoon, owing to which additional
water accumulated on the floors of these build-
ings.

Overhead tanks supported breeding of An. ste-
phensi, Ae. aegypti and Cx. quinguefasciatus in
that order of prevalence. On an average, 1.6% of
the overhead tanks werc found breeding, with the
highest breeding encountered in June when 5.8%
overhead tanks supported mosquito brecding and

. 4.0% An. stephensi, and breeding was ohserved in
all the months. The underground water sumps
constructed near multisiorey buildings were also
found breeding throughout the year, The positiv-
ity of these tanks was 2.1% and varied from 0.9%
in August to 3.7% in December, whereas An.
stephensi was found in 0.5% tanks and breeding
was negligible from July onwards,

Interestingly, tyres in the backyards and on the
terraces of the buildings were found positive for
An. stephensi throughoat the study period except
in the months of January, February and Decem-

ber. Breeding in fyres was most common and
varied from 20.7 to 84%. Althougli 2 majority of
these were found with 4e. aegypti vet up to 8.9%
also supported An. stephensi brecding. Barrels
and tins, mostly in hotel premises and construc-
tions, were found positive throughout the year.
An. stephensi was not, however, encountered in
them from January to March and its positivity re-
mained low in A prit and May. It gradually peaked
in July when 13 of them contained An. stephensi
breeding and positivity declined after September.
Intradomestic containers such as grinding stones,
coconut shells, pots and bottles were also check-
ed. Although mosquito breeding varied from 2.3
10 59.1%, limited breeding of An. stephensi was
encountered from September to November,

An. glephensi was found breeding with 8 other
mosquito species in 294 out of 747, i.e. 39.3%
habitats (Table 2}. Three anophelines associated
were An. subpictus (2.21%), An. vagus (0.53%)
and An. barbirostris (0.13%). It was also {ound
breeding in onc habitat with An. subpictus and
An, vagus. In as many as 136 (18.2%) habitats, it
was found breeding with Cr. quinquefasciatus, in
5 {0.66%) habitats with Cr. vishnui and in 9
(2.34%) habitats with Cr. quinquefasciatus and
Ae. aegypti. Tt shared 19 habitats with 4e. segypti,
12 with Ae. albopictus, 5 with Ae. vittatus and 4
with both Ae. albopictus and Ae. aegypti. Thus,
An. stephensi showed a high degree of interspeci-
fic association.

If all habitats are pooled together, An. stephensi
breeds throughont the year but positivity starts

TFahle 2. Accociation of Anopheles stephiensi with other mosquito species

No. of brecding sites

No. of samples in which in. sephensi was found with
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increasing in April and the population of imma-
tures builds up, peaking in June when on an
average 3.5% of the breeding sites scarched were
found supporting An. stephensi. This is followed
by a declining trend in July and August, in turn
followed by a low grade breeding till March (0.5
to 1% habitats support 4n. stephensi). Breeding
is associated with the rainfall as initially with the
onset of rains additional breeding habitats be-
come available for An. stephensi but continuous
rains disrupt breeding potential as could be scen
by a drop in breeding during the rainy scason.

A variely of habitats supporied An. siephensi
breeding either alone or with other specics, In
maost of the habitats An. stephenst breeding was

etected throughout the vear in variable propor-
tions. The study also rovealed that bioenviron-
mental control measures could subsiantially re-
duce or climinate An. stephensi breeding sites!s,
Grealer aftention needs to be paid to construc-
tion sites as these constitute an important epi-
demiological niche to promote transmission due
to labour himtments occupied by immigrants from
endemic areas.
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Intradomestic Mosquito Breeding Sources and their

Management

DE.GUPTA, RM.BHATTY, R.C SHARMA®, £.5. GAUTAM® and RAINIEAINE”

Srven morguito species were found to breed in intradomestic breeding sonrces. An. sigphensi end A,
subpictus bred in slmast all types of conteiners. Amang the eulicines, Cr. quinguefasciatus and Ae. aegypti
were predominant, Larval breeding wee controlled through souree reduction or introduction of lervivorous
fish Poecilia reticulata. Heelth educetion helped in ecooptence of the progremme by the community.
Intradomestic breeding positivity wee 2695 end 16-319% in exparimental and control erees respactively.

INTROBUCTION

Inseeticidal spraying as » means to interrupt ma-
leria transmission is beset with many well docn-
mented problems such as vector resistance to in-
secticides, their high cost, misuse, refusal, mud
plastering, sericulture, bee-keeping, environment-
al contamination, ete. This multifaceted problem
coupled with administrative and financial con-
straints has brought malaria control to cross-
roads. Therefore, an integrated approach for the
malaria control through non-insecticidal meth-
ods of disease vector control was launched in
Madiad taluka of Fheda distt. of Gujerat, with
emphasis on source reduction, community par-
ticipation, health education and biological con-
‘trol',

Accepted for publication : 19 Fevroary 1992
Malaria Research Centre (Field Station)
Civil Hospital

Nediad-387 001, India.

Maosquitoes breed in intradomestic containers,
which are used for water storage for domestic
purpases. Hence a systematic study to control the
mosnquito breeding in intradomestic water con-
tainers through source reduction and introdve-
tion of larvivorous fish, Poecilia reticulata, along
with health education was undertaken in the en-
tire rural Nadiad taluka of Kheda distt. of Guja-
rat, The resuits of the two-year study are re-
ported in this paper.

MATEPIALS AVD METHORS

Al types of intradomectic breedmg sources in the
100 experimental villages of Nadiad taluka were
surveyed for mosquito breeding. The contziners
were classified into four categories, viz. overhead
tank (OHT), intradomestic tank, cistern and
miscellaneons containers (Table 1).

Intradomestic brecding sources were surveyed on
weelly and monthly basis during 1988 and 1989
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Tabile 1. Classificetion of intradomestic breeding cources

Broken piicher
Waste water collections

Habitat Type
A. Overhead tank (OHT) Cement tank
B. Intradomestic tanks 1. Inside tank (IST)
(T 2. Outride tank (OST)
3. Underground tank (UGT)
4, Earthen (Mud) pat (MFP)
C. Cisterns 1. Barrel
2. Prum
B Miscellancous 1. Battery box
containers 2. Tyre
3
4.

respectively in all the villages of Nadiad taluka,
whereas quarterly surveys were done in the vil-
lages belonging to neighbouring talukas for
comparison. Villages of Fheda distt, are rural to
semi-urban type, mostly with pucca houses and
tapped drinking water supply. Larval samples
from the breeding sites were collected with the
help of a dipper (9.5 em dia. and 300 ml capacity),
dropper and plankton net (120 mesh size) and
brought to the laboratory for rearing and adult
. emergence. Adults that emerpged were anaesthet-
ized and identified using the keys of Christo-
phers? and Barraud®.

Intradomestic breeding in the experimental sica
was controlled by introducing the larvivorous fish
Poecilia reticulata @ 5-10 fishes per container
depending upon the container’s size, or through
emptying out the water at weekly intervals, Fishes
were introduced in all the containers, except
miscellancous containers which were usually
emptied out on a regular basis. Introduction of
fishes was done both by the MRC workers and by
the villagers themselves as and when required. In
almost all the villages a small pond was used for
rearing and collection of fishes. Poecilia reticulata
was found most suitable because of its small size
and high multiplication rate as well as its hardy
nature in {ranspertation’. Villagers were imparted
health education about mosquitoes, their breed-
ing habits and importance of their control for
prevention of malaria®, to create an awakening
araong the community and to enlist their coop-
eration in: t%:ie programme. For this, live demon-
strations were given to individuals and in group
meetings.

RESULTS AND DISCUESION

A survey of intradpmestic breeding sources re-
vealed the breeding of seven mosquito species,

Talie 2. Species - speeffie breeding sovrces

Type

Species

OHT UGT OST IsT MP  Cisterns Misc. Cont,
An. culicifacies + +
An. stephensi + + + + + + +
An. annularis
An. subpictus + 4 4 + +
An. barbirostris +
Cx. quinquefasciatus + +
Ae. aegypti + + +
Total 5 4 5 3 3 3 4

+ denotes presence of the species; OHT .. Overhead tank; UGT ... Underground tank; OST — Outside tank; IST . Inside tank;
MP — Barthen mud pot; Mise. cont. — Miscellaneous contziner.
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viz. An. culicifacies, An. stephensi, An. annularis,
An. subpictus, An. barbirostris, Cx. quinquefascia-
tus and Ae. aegypti (Table 2). An. subpictus and
An. stephensi were found breeding in almost all
types of containers. However, An. culicifacies
preferred overhead tanks, outside tanks, inside
tanks and earthen pots. An. annularis was found
to breed only in underground tanks. Both An.
culicifacies and An. stephensi were observed breed-
ing in intradomestic containers regularly in spite
of free access to peripheral breeding sources.
The role played by the two vectors breeding in
these sources in malaria transmission was how-
ever not quantified.

Habitat-wise per cent composition of different
mosquitoes has been summarized in Fig. 1. Over-
head tanks supported the maximum anopheline
breeding, whereas cisterns, intradomestic tanks
and miscellaneous containers supported mostly
Culex breeding. In overhead tanks, Culex was the
second predominant mosquito and Aedes was the
second in cisterns.

Table 3 shows positivity of intradomestic breed-
ing sources in experimental and control areas.
Highest positivity was observed in miscellaneous

Anopheles

containers, followed by cisterns, overhead and
intradomestic tanks. During 1988 only 3.4% in-
tradomestic containers were found positive in ex-
perimental area, whereas in control, their positiv-
ity was as high as 25%. Similarly, in 1989, only
4.5% intradomestic containers were found posi-
tive in comparison with 24.1% in control area.
Fig. 2 shows that intradomestic positivity was
kept under control throughout the study period.
Control area showed high positivity and was al-
ways above 20% during corresponding period
except for decline in June 1988 (16.5%). Statisti-
cal analvsis also showed a significant difference
between per cent breeding in control and experi-
mental area (f = 11.17 and 26.65 respectively for
both the years, p < 0.01). Table 4 shows the con-
solidated picture of the intervention measures
taken for the control of mosquito breeding in in-
tradomestic water collections. Breeding in 45,597
and 14,985 positive intradomestic breeding places
(cumulative) was eliminated in 1988 and 1989
respectively and in 37,411 and 19,439 breeding
sources (cumulative) larvivorous fish (Poecilia
reticulata) was introduced during that period.

The study shows that through source reduction,
health education and introduction of larvivorous

Anopheles
17.7%

Cutex joint
17.4% \ accurrence
11.8%
Agdes
18.0%
OVERHEADTANKS CISTERNS
Anopheles Angpheies
22.7%
Culex £ : )
48.7% Jdoint
N \ sooumence
) 44.4%
faedes hedes
17.3% 4.5%

IHTRADOMESTIC TANKS

MISC. CONTAINERS

Fig. 1: Composition of mosquitoes in iniradomestic breeding sources.
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Fig. 2: Month-wise intradomestic positivity.

Hsncs, (e nradosiesit pombivily m the experi-
mental area was kept under control (< 5%)
whereas in control area the positivity rate was
above 20% throughout the period.

In urban area the intradomestic breeding sources
play a major role in discase transmission®, Among
the Iarvicides used under Urban Malaria Schemes,
only Temephos (an organophosphorus compound)
is heing used to control mosquito breeding in

intradomestic water collections. For the itreac-
ment of intradomestic containers, the ready-to-
use Temephos (0.0125%) is poured into contain-
ers at a weekly dose of 20 ml/m? Although the
mammalian toxicity of Temephos is very low, it
has a prolonged residual effect”, At times it may
not be possible to measure the water surface of
the breeding container and to calculate the exact
dose of Temephos. Beside, most of the larvicides
are not only costly but toxic. However, the usage

‘Table 3. Intradomesti positivity in experimenial and contrel areas

1988 1989
Type -
Fxperimental Control Brperimental Control

Checked  +ve¢ % Checked  +tve % Checked  +ve 2 Checked  +ve %
OHT #8160 2918 33 3570 906 254 24423 1662 68 1585 422 266
Cisterns 557588 22463 40 3370 1005 238 198484 9540 48 146 362 316
Hyy 1198866 26167 22 42521 9963 234 299032 10443 35 21780 4992 229
Mise. Copl. 166072 16403 99 4500 1604 356 18281 2880 157 2515 744 2946
Totat 2010686 67951 34 53961 13478 250 540220 24625 4.5 27026 6520 2441

OHT ... Overbead tank; DT - Intradomestic tank; Misc. Cont. ... Miscellancous container.



GUITTA sran. INTRADOMES FC MOSOUNTO BREEIISG

Table 4. Elimination of mosquito breeding and iniroduction of fishes io infradomestic containers

1982 1989
Type
Breeding Fish Brerding Fish
eliminated introduced climinated introduced

OHT 10 5663 306 2592
Cisterns 13665 13841 5611 8298
DT 16691 16960 6318 8483
Mise. Cont. 14335 947 2750 66
Total 45597 37411 14985 19439

OHT..Overhead tank; IDT-.Intradomestic tank; Mise, Cont.

of fish in intradomestic containers is environmen-
tally safe.

An. stephensi was found predominantly breeding
in almost all types of breeding containers, which
indicates the potential and preference of An.
stephensi o breed in intradomestic water eollec-
tions. Vishwanathan® observed that An. stephensi
was a likely subsidiary vector in urban areas of
Gujarat state, and the same species was respon-
sible for malaria incidence in Atimedabad® and
Broach town®, Vadav et al.’® also found the maxi-
mum percentage of An. stephensi (69.46%) in
intradomestic containers, followed by An. subpic-
tus (27.84%), An. culicifacies (2.58%), An. anni~
laris (0.11%) and An. tessellatus (0.01%) in Kheda
distt., Gujarat. Therefore, the role of intradomes-
tic breeding and its control becomes more im-
portant particularly in urban or semi-urban ar-
eas, to interrupt discase transmission and mos-
quito nuisance. The control of Ae. aegypti in
household containers in Central-Southern part of
China, leading to dengue outbreak, by Chinese
cat fish (Clarias fuscus) has been successfully
demonstrated'.

The method to control intradomestic breeding
through the introduction of larvivorous fishes
along with source reduction is environmentally
safe and socially acceptable. More emphasis on
such methods is hikely to produce results under

.Miscellaneous container.

the National Malaria Control Programme both in
rural and urban arcas.
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Reversal of Chloroguine Resistance with Verapamil in

P. berghei in vivo

N. VALECHA®, 5. BISWAS*, 5, DEWANT and 5. BHAMBHANY!

The effects of verapamil on the parasile susceptibility to chioroquine were examined in mice infected with
chloraquine-sensitive and chioroquine-resistant lines of Plasmodium berghed, Verapamil in a dose of 10-30
mg/kg daily s.c. for 4 days did not affect the growth of both sensitive and resistant parasites. When verapamil
in the same dose range was combined with 1.5 mg/kg chloroquine diphosphate, the chloroquine-sensitive
parasites became more susceptible to chloroquine. Similarly, verapamil scverely suppressed the growth of
chloroquine-resistant parasites in combination with 3 mg/krg (base) of chioroguine, but the reversal of
resistance was not complete. Thus, still higher doses of verapamil, which are not tolerated by the host, are

required for the complete reversal of resistance.

This observation was confirmed by the finding thet verapamil at 50 mg/kg increascd the acute toxicity of
chloroquine in mice. Further toxicological evaluation of the reversing agents is called for before clinical trials

are contemplared.

INTRODUCTION

- An escalating problem in the treatment of malaria
- over the last 25 years has been the emergence in

many parts of the world, including India, of malar-
; ial parasites that are resistant to multiple, differ-
: ently structured antimalarial drugs'. Certain cal-
" cium channel blockers, phenothiazines, calmod-
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ulin inhibitors, tricyclic anti-depressants and anti-
histaminic drugs known collectively as reversing
agents — reverse the resistance to chloroquine in
P. falciparum in vitro**.

Reversal is due to the inhibition of an efflux of
chloroqguine from the resistant parasites resulting
in increased accumulation of chloroquine inside
the parasite’. This process probably involves
blockade of P-glycoprotein (Pgp) encoded by
multiple drug resistant (mdr) genes akin to that of
mdr genes of mammalian tumour cells*”, Unfor-
tunately, Pgp expression is not confined to drug-
resistant cells; it is present in normal human tis-
sues as well*®, If normal tissues use Pgp to rid
themselves of harmful substances, there might be
abnormalities in secretory or excretory functions



W i

3 LIos dSeucs Jwilig 0 e dse e sucl reversing
irugs. Such accumulation of toxins/drugs mside
e cytosol of normal cells may lead to toxicity.

in s swdy the sifeces of verapamil, a caleium
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selected Balb(c) mice of either sex weighing 20-
25 g. Food and water were given ad libitum to all
the animals.

In the first set of experiments the mice were
divided into 5 groups, cach consisting of 5 mice.
Each animal was injected with 5 ¥ 10 P. berghei
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Sy, 2 swppression of the growth of the chloroquitewcpsstive sitan of P, berghet in
mice that received none (o), verapamil 30 mg/kg () or vesapamil 30 mg/kg with
“hloraquine at 1 (< ) 2 () or 3 (F") mg/kg s.c. daily for 4 days.
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(sensitive sivaun; niecicd BBCs in a volume of
0.1 ml. Group! served as control (no antimalarial
- drog treatment) and was injected with 0.9% caline
. in a dose of 0.1 m1/10g body weight. Drug sensiti-
vity tests were carried out by the 4-day test as
described by Peters'®, All the drugs were piven
subcutaneously (s.c.} in 2 volume of 0.1 mi/10 g
body weight from Day 0 (day of infection) to Day
- 3 conseentively. Group ¥ received chioroquine
diphosphate in a dose of 1.5 mg/kg, while groups
"IN, TV and V received verapamil hydrochloride
. in doses of 10, 30 and 50 mg/kg respectively in
. addition to 1.5 mg/kg of chloroquine diphasphate.

The same procedure was followed for ihe second

- experiment but in this case, group T served as

" control, group 1T received verapamil hydrochlo-

" ridein a dose of 30 mg/kg s.c., while groups IL TV

- and V received chioroquine diphosphate in doses

of 1.2 and 3 mg/kg respectively in addition to the
above dose of verapamil.

. In the third experiment the mice were infected
with chloroquine-resistant strain of P. berghei and
the drug treatment schedule was: group I control,
. group [T received chloroguine (base) at 3.0 mg/kg,
~ and proups M1, TV and V received in addition to
~ chloroquine, verapamil hydrochloride in doses of
© 10, 30 and 50 mg/kg respectively.

Parasitaemias were determined in each animal in
all the experiments on Days 3, 5,7 and 10 by count-
ing the number of parasitized RBCs per 10,000
RBC in tail blood smears stained with JSB.

Data were analysed by student ‘t-test’, a p-value of
less than 0.05 being considered significant.

Acute toxicity (LD50) tests were done using chlo-
roquine alone and in combination with verapamil.

For subacute Loxicity tests mice were administered
chloroquine (base) alone at 6 mg/kg or chloro-
quine (base) at 6 mg/kg with verapamil hydro-
chloride (50 mg/kg) daily s.c., for2weeks and then
' Filled by decapitation. Histopathological exami-

nation of liver, Fidney, spleen, muscles, adrenais
and eyes was carried out after fiving the tissues
with normal saline and routine processing of par-
affin sections,

RESULTS

Verapamil by itself at doses of 10-50 mg/kg did not
affect the growth of chloroquine-sensitive lines of
P. berghet (p > 0.05) (Fig. 1). The grovith of chlo-
roquine-sensitive . berphei was shightly inhibited
with 1.5 mg/kg chloroquine diphosphate on Days
3.5 and 10 (p < 0.05) as compared to control mice
(Fig. 2). The parasitc growih, however, was totally
suppressed with 3.0 mg/kp of chloroguine
diphosphate from Days 3 to 10 (data not shown).
Addition of verapamil hydrochloride in doses of
10-50 mg /¥g potentiated the effect of chloroquine
(Fig. 2). Mo parasites appeared on Day 3 in‘mice
given 1.5 mg/kg of chloroquine in combination
with verapamil hydrochloride at 30 mg/kg (p <
0.05). It thus follows that verapamil increased the
suseeptibility to chloroquine in chloroquine-sensi-
tive parasites.

In contrast to chloroquine-sensitive parasites, the
registant parasites were not affected by chio-
roquine (base) at 3 mg/ke (p > 0.05) (Fig. 3).
Addition of verapamil hydrochloride in doses of
10-50 mg/kg showed marked effects. Verapamil
hydrochloride in a dose of 50 mg/kg in combina-
tion with the same dose of chloroquine totally
suppressed growth on Days 3 and 5. The inhibitory
effect of verapamil continued to he statistically
evident on Days 7 and 10 {p < 0.01) as compared
to the group which received only chloroquine.
Thus verapamil reversed the resistance to chloro-
quine in the chloroquine-resistant strains but even
with the highest dose of 50 mg/kg, as used in this
study, the parasite growth occurred subsequent to
Day 5 (doses higher than 50 mg/kg produced
some mortality thereby making the interpretation
of the results difficuit).

L.D50 of chloroguine when given i.p. in male mice.
was 60 mg/kg (base). Addition of verapamil
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“qg. % Hiffect of verapamil on the chloroquine-sensitive strain of /. berghei in mice that
received none (0), 1.5 mg/kg of chloroquine (¢} or chloroguine 1.5 mg/kg with
verapamil at 10 (<€ ), 30 (F) and 50 ({3) mg/kg s.c. daily for 4 days.

hydrociionde -n 2 dose of 50 mg/kg s.c. de-
creased the LD30 of chloroquine (base) to 40 mg/
kg while verapamil alone in a dose 50 mg/kg did
not produce any mortality. Histopathological anal-
ysis of spleen, liver, lung, cye and muscle did not

reveal any significant changes in combination-
ireated groups except for occasional focal areas
of necrosis in liver of 2 out of 5 animals. Such
changes were observed in 1 out of 3 animals which
were treated with only chloroquine.
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Fig. 3 Bffect of verapamil on the chloroquine-resistant strain of P. berghei in mice that
received none (o), 3.0 mg/ky (base) of chioroguine () or chloroquine 3.0 mg/
¥ (base) with verapamil at 10 (¢ ),30 (%) or.50 (@) mg/kg s.c. daily for4 days.
DISCUSSION drug™, Calcium channel blockers, tricyclic anti-

Chloroquine-resistant Plasmodium is reported to
accumulate less chloroquine than the susceptible
parasites, the reason being increased efflux of the

depressants, etc., interfere with the efflux and
reverse the resistance®?, The reversal has been
noticed only in. chloroquine-resistant P, falcipo-

nm strains®3, However, our study indicates that
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verapamil increases susceptibility of chloroguine-
sensitive straing of P. berghei 2lso to chloroquinc.
Similar results were reported by Peters ef al.* with
cyproheptadine against chloroquine-sensitive lines
of P. falciparum and P. berghei and by Tanabe et
al. M with calcium antagonists against P. chabaudi.

Though the exact mechanism is not clear, both
sensitive and resistant lines mayhave genesequiva-
lent to mdr genes, which may be expressed to 2
lesser extent in sensitive strains.

As far as the clinical use of such combinations ic
concerncd, their iatrogenic toxicity should be
considered. Watt et al.** have reported deleterious
effects in Hep-G2 liver cclls when supraphysiol-
ogical concentrations of chloroguine and: vera-
pamil that were nontoxic individually were com-
bined in vitro. The explanation given was that
increased chloroquine accumulation in normal
tissues produced cell death.

This study shows that although verapamil at 50
mg/kg enhances the acute toxicity of chloroquine,
it does not induce any histopathological changes in
the tissues. However, for complete reversal of
chloroguine-resistance still higher doses of vera-
pamil will be required for clinical use, which is nof
recommended in the light of the above findings.

Toxicity studies with other more potent reversing
agents which act by a similar mechanism and have
less systemic side cffects are called for before
clinical trials are contemplated,
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Anopheline Breeding in Ponds of Central Gujarat with
Reference to Water Hyacinth Infectation

RAJNIEANT®, .M. BHATT®, .G SHARMAS, LR, GUPTA™ and A3 GAUTAM®

- Water hyacinth (Fichhomia crassipes), a free-
. floating aguatic plant found in warmer parts of
" the world, ales occurs throughout India in a
- variety of water bodies. The weed disturbs fiora
~ and fauna and supports the breeding of various
“vectors of discases'. It alco provides shelter to
" adults and prevents the predation of mosquito
larvae by their natural enemies. The association
~of anopheline breeding with aquatic plants has
. been studied by several workers®®, Many ponds
- of the Khieda distt. of Gujarat were found heavily
infested with water hyacinth, In view of the ever
~ changing agroclimatic conditions and mosquito
. behaviour, this study was undertaken to investi-
gate the composition of anophelines in water

* hyacinth-infested and weed-free ponds.

~ Eight ponds in seven villages of Fheda distt, were
© selected, four densely infested with new as well as
. old water hyacinth plants and four free from any
- major aquatic vegetation. The total area of the
. ponds infested with water hyacinth was 22.40 ha
with an average density of 71 planis/m? whereas

" ponds free from aquatic vegetatiop had an area

Accepted for publication: 10 October 1991
* Malaria Research Centre (Field Station)
 Civil Hospital
Nadiad-387 091, India.

of 53.49 ha. In the latter category, some infesta-
tion with vegetation like Hydrilla, Ipomea, Azolla,
Nymphea and Lemna occurred during winter
season, Fortnightly larval eollections from March
1989 to February 1990 were made from the pe-
riphery of all the eight ponds using a dipper (9.5
em dia; 300 ml capacity) and larval densities
were recorded. Immatures were brought to the
laboratory, reared up to adults and identified
using the key of Christophers™®. The mean diver-
sity per individual (d) was calculated for each
category of pond for different seasons to cvaluate
the apportionment of individuals among species
by applying the uncertainty function of Shannon
and Weaver'l. To quantify the associations of dif-
ferent species occurring together, C, Index of as-
sociation of Hurlbert!? was vsed. The statistical
sipnificance was assessed with the corrected %2
formula as indicated by Pielou® for approximat-
ing a discrete distribution. When any cell value
was equal to or less than five, Fisher’s exact test
was applied.

Twelve anopheline species were observed breed-
ing in water hyacinth-infested ponds, whereas
only nine specics were encountered from weed-
free ponds (Table 1). An. jamesii, An. stephensi
and 4An. tessellatus were absent in the latter. Five
anopheline species, viz. An. subpictus, An. aconifus,
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Tebile 1. Composition (per cont) of enapheliess in water bysrinth nfosted prd weed frer pands

Water hyecinth-infested ponde Weced-free ponds

apecies ANQVA

Summer Monzonn  Winter Total Summer Monsoon  Winter Tatel
Lo dm. aconitis 1803 Y v 1325 .54 060 348 2.0 213 t
% i annularis 6.53 11.97 2710 15.26 378 1840 G643 4459 .
3. An. harbirogtrs 130 7395 7.83 11.93 182 447 1905 10.65 ng
4. An. culicifacies 6.53 4.16 1.20 39 243 447 1.97 ne
S, An, fluviarilis 261 a7 1.02 045 ne
6. An. jamesii 1.39 0.32 ne
7. Ar. nigertimus 11746 7.29 1987 1272 804 2.95 821 13.69 ae
8. An. pallidus 0.60 0.19 0.68 04.30 na
9. An. siephensi 0.65 019 na
10, An. subpictus 37.90 18.22 22.51 A 29.26 59.20 034 2557 ne
11, An. tessellatus 15.03 2.60 547 ue
12. An. varuna 1.39 652 0.69 072 1.36 0.60 ne
Tatal adults which emerped 153 192, 166 511 164 i) 292 657
Total sumples collected K7 4 % 88 28 % 22 s

Single factor analysis of variznce for significance; 1 {p < 6.05); * (0.05 > p <.0.28); ne —.(p > 0.25); nz .. Not applied due to
T2re OCCUTTeNCes.

An. anmudaris, An. nigerrimus and An. barbirostris, cach of the other five species accounted for less
contributed 88 per cent of the total emergence in  than one per cent. An. annularis (44.59%) was
water hyacinth-infested ponds; except for An. the most dominant species in weed-free ponds
tessellatus (547%) and An. culicifacies (3.91%) followed by An. subpictus (25.57%), An. niger-

Tehie 2. Number of species whick emerped, tote] larvel density (YLD) per dip and the diversity (@) during difierent sercons

Type of pond Attribute Summer Mensoon Winter Mean
{Mar - Jun) (Jui - Oct} (ov - Feb)

A. Water hyacinth- No. of spp. 1 8 8 ot
infested
TLD 11.31 598 7.98 84%
d 1.84 1.62 162 1.69*
B. Weed-free No. of spp. & 6 8 G.06°
TLD 1287 677 9.65 9.78*
d 1.28 1.25 1.04 L1

Meen values followed by the same lefter are not significently different from each other vsing least significant range test
(p < 0.05).



RATNIFANT ET a1.: ANOPHELINE BEEEDING IN PONDS

rimus (13.69 %) and An. barbirostris (10.65%),
and except for the former the differences in the
composition of the latter three species in water
hyacinth-infested and weed-free ponds were in-
significant ( p > 0.25).

Marked differences were ohserved in the scason-
ality of breeding in both types of ponds. In water
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hyacinth-infested ponds, An. subpictus was pre-
dominant during summer and winter seasons,
whereas, during monsoon, An. aconitus was
dominant. In weed-free ponds, An. subpictus bred
profusely during monsoon; however, during sum-
mer and winter it was replaced by An. annularis.
An. aconitus showed predilection for ponds with
water hyacinth plant (p < 0.05) and bred pro-

Table 3. Assaciations smong anophelines coflected from ponds of Fheda distriet, Gujarat
(Upper triangular matrix = Hurlbert's index (* p < 0.05), lower triangular matrix = number of joint occurrences)

© a, Water hyacinth-infested pands

Species A.ac. Aan.  Ab Ac  Af  A) An. Ap. Ast  Asu. At Aw
An. aconitus (A.ac.) "*\\;0‘224 0358 0276 00 -0.306* 0.0 0.0 00 1.0
An. annularis (A.an.) 4 0570 £.762¢ 0.0 0.0 -0.226 00
An. barbiraseis (A.5.) i3 4 -.288 0.6  -0176 00
An, culicifacies (A.c.) g 1 0.0 00 0271 0.0 0.0
An. fluviatilis (A.f.) 1 1 - 10 0.0
An. jamesii (A).) 1 : 0g 0.0
An. nigerrimus (4.n.) g8 ] 5 8 3 i -0.377 00 0.0
Rt

An. pallidus (A.p.) 1 .
An. stephensi (A, st.) 1 1 1 \ \f).() 0.0
An. subpictys (A.5.4.) 14 4 7 6 7 1 ™~ 0.0 0.0
An. tessellaeus (At} 1 } ] 1 i i i 1 \
An.varuna {A.v.) 3 i 2 1 ™~
Total positive 33 12 20 15 3 1 26 1 1 32 3 3
Total negative 41 62 39 7 73 48 73 73 42 71 71
4. Weed-free ponds
Specics A.ac. Aan. Ab Ac. An  Ap.  Asu
An. aconitus (4.ac.) N() 0.189 0.0 0.0 00
An. annudaris (A.an.) 3 ~. 0272 00 -0.091 o -0.196
An. barbirostris (4.b.} 4 7 \ 0.316 -0.196
An. culicifacies {A.c.) 2 5 0.0 0.407
An. nigerrimus {(A.n.) 4 14 10 3 -0.171
An. pallidus {A.p.} 2

" An. subpictus (A.su.) 4 10 5 5 8 S~
TFotal positive 10 39 17 8 27 2 25
Total negative 58 29 51 60 41 66 43
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yreement with previous observations’. An. an-
nuleris was more abundant during winter in both
rypes of ponds, but showed preference {or weed-
free ponds (0.05 > p < 0.25). Considerable chang-
«; were also observed in the composition of An.
burbirostris, An. nigerrinius and An. subpictus during
different seasons. An. culicifacies showed prefer-
snce to water hyacinth and was most abundant
during summer.

Maximum number of species (11} were observed
breeding in water hyacinth-infested ponds during
summer, whereas in weed-free ponds most spe-
cies preferred to breed during winter. This may
nerhaps be due to the fact that the former offers
favourable microcliimatic conditions and simulta-
neously other breeding sources become scarce;
hence larval densities were also high during summer
in both the categories of ponds (Table 2). Diver-
sity (d) was more in water hyacinth-infested ponds,
which is characteristic of fauna where an cqui-
table number of specimens among species is
present, Maximum diversity was observed during
summer.

Thirty-seven pairings {rom water hyacinth-infested
ponds revealed six positive and cight negative
associations (Table 3a). Maximum positive (+1)
association was ohserved between A4n. aconitus
and An, vanina, and An. nigerrimus and An. flu-
viatilis (p < 0.05). An. nigerrimus was negatively
associated with An. annularis and An. aconitus
{p < 0.05).

Fifteen pairings from weed-free ponds revealed
three positive and five negative associations (Table
3b). An. subpictus was negatively associated with
An. barbirostris, An. annularis and An. nigerrimus
in both categories of ponds. Also, An. annularis
and An. nigerrimus produced negative C; values
and An. aconitus and An. barbirostris were posi-
tively associated in both — water hyacinth-infested
and weed-free ponds. A most-striking difference
in associations of different species in the two
types of ponds was between A4n. barbirostris and
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other in water hyacinth-infested ponds and at-
traction in weed-free ponds, respectively,

Removal of water hyacinth from ponds in many
ways is beneficial as it improves the quality of
water. Also, mosquito breeding can be controlled
using larvivorous fishes along with food fish cul-
ture!, However, further studies are required to
ascertain the breeding potential of vectors of
diseases like Japanese encephalitis and filaria.
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Malaria Morbidity Survey in Schoolchildren in A e
Group 5-15 Years in an Urban Area

MMA. FHAN® and M.A. KAREEM*

Malaria morbidity surveys have a significant role
to play in school health programmes. The present
study is aimed at finding malaria prevalence among
schoolchildren in two private schools of old
Hyderabad city, as a previous Malaria Survey in
1989 in the surrounding areas resulted in the
detection of a sizable number of positive cases
including asymptomatic carriers’. Tt also aims at
applying certain recent methods in épidemiology,
namely tests of validity of measurements? ? which
had not been used hitherto in malariometry and
consequently are not covered in the WHO mono-
graph on Statistical Methods in Malaria Eradica-
tion®. A random sample of two schools out of a
total of 15 privately managed schools in wards 17
and 18 of Hyderabad city was chosen for this
study in March 1990. The two schools together
had 311 children in the age group of 5-15years on
the rolls, out of which 20 (6.43%) could not be
included in the medical check-up on account of
their continued absence. Among the 291 screened,
140 were boys and 151 were girls. The history of
pyrexia during the previous fortnight was elicited
and blood smears were collected. A team from

Accepted for publication: 16 January 1992.
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.

the Mational Institute of Mutrition, Hyderabad,
consisting of one doctor, one biochemist and two
laboratory technicians, simultaneously collected
blood samples from these schoolchildren to as-
sess the Hb concentration with filter paper tech-
nique, using modificd cynmeth-haemoglobin
method. The blood smears were stained with
Leishman’s, The history of pyrexia along with
that of any treatment received thereof was elic-
ited by paramedical staff of Department of Social
and Preventive Medicine from the schoolchildren
and their parents after home visits. The children
under study did not receive any antimalarials
during the period of enquiry regarding history of
pyrexia. Out of 291 schoolchildren, 22 (6 boys
and 16 girls) were found positive for malaria (20
Py + 2 Pfy. Out of 20 Py, there were 11 in
schizont stage and nine in trophozoite stage and
the two positive for Pf showed gametocytes. A
history of pyrexia in the fortnight preceding the
inquiry was present in 72 schoolchildren, and this
is shown in Table 1. The history of pyrexia here
as a screening procedure for malaria would miss
36.4% (100-sensitivity) of true positive cases,
resulting in a false negative rate of 2.7% which
otherwise would continue to be a hidden reser-
voir of infection but for the mass blood survey of
thig study. There is a significant relationship be-
tween pyrexia and parasite positivity (p < 0.001)
hut the positive predictive value of pyrexia is
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diagunsis of malaria in the stndy population

Lab. diagnosis of malaria

Total
ve Y
“hstory uf  Tresent 14 (a) 38 (b) 72
PYFeXIa  psent 8 (¢) 211 (dy 219
Yosai 2 269 291 (m)

b, Y msatUlH L

LRie Lo et onsip Seiweci: rresescg o il i sind

anaentia
Anaemia
e errranmmm—— T O1A}
~ Present  Not present
Lab. diagnosis  vve 1 2 22
of malaria v 100 169 269
Total 101 190 291

stisittety = cagia o)) x 100 = 63.6%;

Halse ve tate ={¢/m) x W0=2.7%

Specificity= {d/(b + d)} x 100 = 78.4%;

Halse +ve rate = (b/m) » 100= 189%

Positive predictive value = {af(a + b)Y} x 100 = 1244
Negative predictive value = [d/(c + d) % 100 = 9634
O = U728 92 = 17039 p < 0001,

< 20% {19.44). Both the positives for Pf, detected
here, were five years old and had no history of
pyrexia, which meant persistence of infection and
sufficient scope for discase spread in the commu-
uity and therefore needed a drastic approach to
cut down transmission specially in urban arcas.

Out of 291 study population, 101 (34.7%) were
found anaemic as per the criteria laid down in the
report of WHO Expert Group on Anacmia’. The
relationship between malaria and anaemia is given
in Table 2, which shows negative correlation be-
tween the two (Q = -0.851). This finding, which
is by no means new, is in accord with the data of
an earlier study carried out in the neighbourhood
of DCMS, which ruled out malaria as a principal
cause of this form of under-nutrition®, It is there-
fore inferred that malaria may be at best one of
the factors in ‘unmasking’ the already existing
borderline dietary deficiency states including an-
aemia’,

Q = ~085; 77 = 8.168% p < 0.01.
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Enhancing the iHfficacy of Gamobusia dffine o ontroi

Mosquito Breeding in Ponds

M.S. MALHOTRA™ and ANIl. PRAKASH®

The Bhabar and Terai areas of distt. Nainital are
well known for high transmission of vivaxr and

Jalciparum malaria. The slide positivity rate was
" as high as 90 in 1982, and in subsequent years it
varied from 40 to 60", An. culicifacies and An.
flwviatilis are the two well-known vectors which
have been incriminated in recent years?.

In Bhabar, water is scarce because soil is porous
and has a high content of sand, pebbles and
stones. The area is in the foothills and the detri-
tus material has been deposited here gradually.
The porous soil does not retain water for long,
and the sources of water are canals and sub-
canals, which run 2 to 4 times in a month. People
use canal water for drinking, for their cattle and
for other domestic purposes in addition fo irriga-
tion.

Water for domestic use is stored in cement tanks
of a variety of shapes and sizes which may be
underground or on the ground and covered or
uncovered. Small ponds, called pokhars, are con-
structed for storing water for the cattle.
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These ponds have become impermesble owing (o
silting and get periodically refilled by the canal
water,

These ponds are the breeding places for the
important malaria vector An. adicifacies and other
anophelines such as An. maculatus, An. subpictus,
«An. nigerrimus, An. barbirostris and An. vagus.
Culex quinquefasciatus was also found breeding
in ponds. Under the bioenvironmental malaria
control strategy, efforts were made to tackle the
mosquito breeding by the application of Gambusia
affinis. In the beginning the shorelines were not
clear and therefore the results were not satisfac-
tory. For fishes to act effectively it is important
that shorelines are kept as smooth as possible.
Weekly maintenance of each pokhar took a great
deal of time, and the main problem was that
weeds used to grow abundantly within a week’s
time owing to the availability of water and ma-
nure in the form of decomposing material in the
pond.

The solution {o the problem was to deweed and
cut the margins vertically followed by thick mud-
plastering of the walls. The mud-plaster dries up
soon and arrests the growth of grass and as a
result, fishes can effectively reach the margins
and devour mosquito larvae. There are 745 ponds
in the experimental area and 125 ponds in the
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sonds were nou repaired and fishes were noi
:cleased. In the experimental ponds mud-plaster-
‘ng was done and larvivorous fishes were re-

‘sased,

Hoi inud-plastering the shoreline is first cut verti-
caily and the vertical margin extends into the
water, Most of the weeds are removed by this
process but deeply situated roots remain, As far
as possible efforts were made to remaove roots.
The fresh soil was then soaked in water and the
mud thus formed was plastered thickly with force

OB He huel ity 8 veruiCds wail Aud ou e
horizontal upper bank. The wall surface was then
smoothened and maintained in that condition by
the communities.

The positivity of ponds for mosguito breeding
was recorded every week. During 1988 the mos-
quito breeding percentage in plastered ponds was
8.7, as compared to 69.2 in unplastered ponds,
Similarly, during 1989 the figures were 33 and
55.2 respectively, The results of two year’s obser-
vations are summarized in Table 1 and Fig. 1.
Some ponds in the experimental area were also

Takle 1, Impact of reppiving of pards on masquite hreeding using Gambusia fishes

989
Meonth 1988 !
No. No. (%) No. No. (%)
surveyed {+)ve surveyed (+ e

lan Expt. 5179 196 3) 1983 37 )
Cont. 313 229 (73) 364 102 (28)

Feb Bxpt. 011 406 (13) 1761 55 )]
Cont. 283 217 m 303 61 (20)

Mar Hxpt. 2834 379 (13) 2004 88 1C)]
Cont. 1 U5 (84) 3 91 (26)

Apr Expt. 2970 293 (10) 1622 67 4)
Cont. 295 21 (82) 256 112 (44)

May Faxpt. 2325 n (16) 2233 7 3)
Cont. 307 20 (88) 518 348 (67

Son Bxpt. 2590 410 (16) 2123 0 Q)]
Cont m 297 94) 487 453 93)

Jul Expt. 2606 189 7 2208 77 3)
Cont. 25 209 (85) 449 358 (86)

Ang Expt. 1787 119 (7) 2494 66 3)
Cont. 403 243 (60) 180 143 93))]

Sep Bxpt. 2115 105 (3) 2361 46 (10)
Cont. 318 217 (68} 233 180 (mn

Oct Expl. 2136 118 (6) 1832 70 (4)
Cont. 302 151 (50) i85 106 ;7

Nov Expt. 2020 163 (®) 1919 21 )
Cont. 3 115 (3%) 191 30 (26)

Dec Expt. 2232 73 3) 1847 : hY] (3)
Cont. 295 106 {36) 328 97 (3m)

Total Expt. 32405 2823 9 24387 809 )
Cc)};t. 3673 2540 (69) 3873 2139 (55)

‘ Expt. Bxpcﬁn;ental (with Gambusia fishes); Cont. — Control (without fishes).
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Fig, I: Bffect of shorelining on mosquito breeding in ponds having Gambusia fishes.

_positive for mosquito larvae but only early instars  stages were found in the ponds of control arca.
‘were encountered, which were also consumed by  This clearly demonstrated that the thick growth
fishes in a few days. In contrast, all immature of overhanging weeds contributes to mosquito

Fig. 2: Repairing of pond margins to aliow Gambusia to act effectively.
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recding and i situation cen D6 acikded by
mud-plastering (Fig. 2). This method is currently
used in the control of maosquito breeding in ex-
perimental villages of Bhabar,
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