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Occupational Malaria and Health Risk

among Select Occupational Health Care
Employee Groups in an Urban Hospital
at Tirupati, A.P.

M. RAJASEKHAR® and N.V. NANDAKUMAR?

Epidemiological studies on occupational environments are very meagre in the developing
countries like India. For this reason an attempt was made in the present investigation
to see the occupational risk of malaria among health care workers of Sri Venkateswara
Ramnarayan Ruia Government General Hospital (SVRRGGH), Tirupati, Andhra Pradesh.
The cohort studies revealed association between exposure to occupational (hospital) .
environment and malaria among hospital staff. Retrospective cohort studies were made.
1,454 subjects namely hospital staff exposed to occupational environment included civil
assistant surgeons and physicians, the students of medicine, the students of nursing
permanent aursing staff and the class 1V employees (class IV included janitorials, male
nursing orderlies, female nursing orderlies, attenders, laundry workers and the rest).
Retrospective epidemiological studies were carried out for four years on the cohorts and
the hospital staff. The data showed statistically significant relative risk and attributable
visk for malaria. Physicians and civi assistant surgeons showed no incidence of malaria.
The relative risk for malaria in the class IV employees was 1.27,0, 5.8 and 2.9 for the years
1995-98. The students of nursing showed 4.2, 2.42. 3.3 and 0 relative risk for malaria,
whereas the students of medicine showed 2, 2, 2 and 1.6 for the years 1995 to 1998, The
attributable risk was ranged from 21.76-82.70, 58.75-76.17, 50-80 for the class IV employees,
the students of nursing and the students of medicine refrospectively. These results
provide an evidence for an association between occupational environment and malaria for
the hospital staff and is more prevalent among certain groups of the hospital staff.

Keywords: Malaria, Nursing, Occupational environment, Students of medicine

- Division of Bnvironmental Biology, Department of Zoology, S.V. University, Tirupati ~517 502, India.
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INTRODUCTION

After the initial success, India is now unable to
get the upper hand in malaria control. Over the
past decade or so the number of malaria cases
have remained unchanged with the addition of
increase in falciparum and vivax malaria. Thus
the issue today is that malaria has now entered
the new ecological niches.” Chloroquine resis-
tant strains were reported in Kenya, Somalia,
Sudan and interior Ethiopia,.z Malaria occur-
rence is associated with rainfall and season.>*
The new paradigm of malaria consists of new
ecotypes such as irrigation malaria, urban
malaria, developrment project malaria, migra-
tion and boarder malaria.! The ecotype,
namely occupational malaria has not been given
much attention and investigations on this direc-
tion are inadequate. Occupational malaria may
be defined as malaria due to causes and con-
ditions attributable o a particular working en-
vironment and not due to stimuli encountered
ouiside the work place. There is a great deal
of research addressing many aspects of current
and emerging infectious diseases like malaria
ranging from anecdotal works to case studies
of epidemics to detailed models of vector
physiology. However, research into the epide-
miological aspects of occupational malaria on
health care workers is very meagre in India and
also first of its kind in the Rayalaseema province
of Andhra Pradesh.

MATERIALS AND METHODS

Epidemiological studies on occupationally ex-
posed health care workers for malaria were
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Table 1. Categories of hospital employees in Sri
Venkateswara Ramnarayan Ruia Government
General Hospital, Tirupati, A.P.

Designation of the employee No. of
employees
Civil assistant surgeons and physicians 49
Murses 147
Lab. technicians 10
Lab. attenders 9
Pharmacists 12
Administration work emplovees 32
Clerical grade employees T6
Class IV employees
Sweepers (Scavengers) 23
MNOs* + FNQO™s*# 80
All round attenders 13
Laundry workers 7
Cooks 1i
Other group
Thoties*** 3
Stretcher bearers 14
Barber i
Cleaner I
Watchmen i5
Watermen 7
Gatemen (security) 1
Gardeners 3
Painter 1
Junior and record assistanis 45
Medical college students 500
Nursing school students 360

(Total of six schools)

#*Male nursing orderlies, **Female nursing order-
lies; **¥Help in transporting dead or diseased.
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compared to occupationally not exposed group.
Retrospective cohort studies were made for
four years from 1995-1998 on 1,454 subjects
namely the hospital staff of SVRRGGH, Tirupati,
(A.P). The hospital staff include civil assistant
surgeons and physicians, the stadents of medi-
cine, the students of nursing and the class IV
employees (class TV includes janitorials, male
nursing orderlies, female nursing orderlies,
attenders, laundry workers, etc. (Table 1). The
studies were based on the morbidity and mor-
tality data of health care workers taken from the
registered health cards (in patients) of above
Government General Hospital. Employees of
Sri Venkateswara University and the students
of degree who are not exposed to occupational
environment and registered their morbidity in
SVU Health Centre were taken as the cohort
control and these were compiled as described
by Cody efal.® Occupationally exposed health
care workers are the permanent employees of
SVRRGGH and whenever they getill health
they undergo treatment in the same hospital and
hence, the employees were considered as ex-
perimental group. The control group, who are
not exposed to the occupational environment
are the permanent employees and the students

of Sri Venkateswara University and they will

undergo treatment for their ill health in the
University Health Centre. If the subject has one
time admission or number of admissions within
two months for a disease, it istaken as one time
admission only. A patient with chronic disease
visiting several times in a year is also taken as
one time admission. The morbidity data from
the registered health cards could be compiled
from 1995 to 1998 only. The health cards for
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the year 1999 are not yet sorted out and stored
i the record room, therefore, the data has been
compiled up to 1998 only. The hospital campus
has open gutters and drainages which are partly
covered and are the potential breeding places
for mosquitoes. The mosquitoes are also seen
under surface of Jush green leaves, scrubs and
bushes. These moquitoes enter into the hospital
as windows and doors are not provided with
mosquite proof nylon wire meshes (Table 2).
Statistical applications include incidence of ma-
laria, relative risk and attributable risk as rec-
ommended by Beaglehole ef al. ¢, and Park
and Park.”

The formulae used for incidence of disease,
relative risk and attributable risk are as follows:

No. of people who get a
disease in a specified period

Incidence = x 100
Population at risk
Relative Incidence of disease among exposed
risk =
Incidence of discase among
non-exposed
{Incidence of {Incidence of
disease among ~ discase among
Aftributable  exposed) non-exposed)
risk = x 100
Incidence of disease among
exposed

The incidence of malaria among the occupa-
tional and the non-occupational groups has been
compared using paired (-test for its statistical
significance over a period of four years. Soft-
ware “Data analysis park of M.S. Excel” had
been used to compute paired /-test.
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Table 2. Patential factors associated with malaria at Sri Venkateswara Ramnarayan Ruia Government
General Hospital, Tirupati, A.P.

Potential Physicians and  Students of Students of Class IV
factors Surgeons nursing medicine employees
Using mosquito repellents in 80% 5% 0% Nif
their work enviroment

Sojourn time in personal rooms >80% Nii >50% Nil
Per cent of wearing thick 95% 0% - 9% 0%
uppercoat/fully covered dress

Using preventive antimalarial drugs 0% Nil Nil il
Mean working hours per day 8 7 6 8
in occupational environment

Mean working hours per night in 3 4 2 4
occupational environment in

shift system

tsing mosqisite proof wires or nylon Nil Nil Nit Nil

wire meshes or cuyrtains for rooms

Table 3. Disease incidence among occupationally exposed health care workers belonging to Sri
Venkateswara Ramnarayan Raia Government General Hospital, Tirupati, A.F.

Health care incidence of malaria among Population  Incidence of malaria  Population
workers occupationatly exposed at risk among control group at risk
{experimental} group (cases/100/year) {cases/100/year)
1995 199 197 1998 1995 1996 1997 1998
Civil assistant 0 0 0 0 49 - - - -

surgeons and
physicians

Students of 277 03 . L1 ] 360 066 033 033 0 300
nursing

Students of 04 04 08 10 500 02 02 04 06 300
medicine o

Class 1V 294 0 441 220 136 153 0 076 076 130

employees
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RESULTS

A strong relationship was observed for increased
risks associated with the occupational exposure
and the occurrence of malaria. Among the four

categories of health care workers, the civil

assistant surgeons and physicians showed no
incidence of malaria for all the four years from
1995 to 1998. The incidence of malaria was
high among the experimental group {Table 3).
The highest incidence was observed among the
class IV employees and the students of nursing.
The incidence among the students of nursing
was 2.77,0.8, 1.1 and 0 cases/100/year for the
years 1995 to 1998 respectively. The inci~
dence among the class IV employees was 2.94,
0,4.41, and 2.20 cases/100/year for the years
1995 to 1998 respectively, whereas the stu-
denis of medicine showed 0.4,0.4, 0.8 and 1.0
cases/100/year (Table 3). The relative risk also
showed the same pattern among the four des-
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ignated health care worker groups. The relative
risk and the attributable risk was difficult to
calculate for this group because of absence of
controls and non occurrence of malaria in this
group during the study period. The estimated
relative risk among the students of nursing was
4.2,2.42, 3.3 and O for the years 1995 to 1958
respectively. The relative risk among the class-
IV employees was 1.27,0, 5.8 and 2.9 for the
years 1995 to 1998 respectively, whereas the
students of medicine showed 2, 2, 2, 1.6 {Table
4), The relative risk of one indicates no asso-
ciation; greater than one suggests positive as-
sociation between occupational exposure and
malaria and less than one indicates reduction in
the incidence rate in exposed individuals when
compared to the unexposed.® The attributable
risk also showed similar pattem among the select
oceupational groups. The students of nursing
showed 76.17, 58.73, 70 per cent for the years
1995 to 1998 respectively. The attributable

Table 4. Risk for malaria among health care workers of select employee groups of Sri Venkateswara
Ramnarayan Raia Government General Hospital, Tirupati, A.P.

Health care Relative risk Attributable risk
workers

1995 199 1997 1998 1995 1996 1997 1998
Civil assistant i i 0 ¢ ) { i) 0
surgeons and
physicians
Students of 42 242 33 0 7687 5875 r 0
nursing
Students of 2 2 2 16 50 50 50 5
medicine
Class IV 127 0 58 29 2176 0 527 634

employees
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risk among the class IV employees was 21.76,
0, 82.7 and 65.4 per cent for the years 1995
{0 1998 respectively, whereas, 50, 50, 50 and
80 per cent was observed among the students
of medicine for the years 1995 to 1998. The
attributable risk indicates, to what extent the
disease can be attributed to the exposure.

DISCUSSION

The results provide an evidence for an associa-
tion between the occupational environment and
malaria for the health care workers and is more
prevalent among certain categories. The study
- reveals that the mean night exposure time and
extent of dress cover (Table 2) are the possible
influencing factors for occupational malaria
besides other potential factors.

Except the civil assistant surgeons, physicians
and the students of medicine, the other health
care categories, namely the students of nursing
and the class IV employee groups are the most
aftlicted and showed higher incidence. Ac-
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cordingly the relative risk and attributable risk
were also high among the students of nursing
and the class IV employees than the other cat-
egories, namely the civil assistant surgeons, phy-
sicians and the students of medicine. Itis sug-
gested that the civil assistant surgeons, physi-
cians and the students of medicine have medical
knowledge on occwrence, source, precaution-
ary measures, drugs to be used for malaria,
whereas the students of nursing were yet to be
trained or the lower literacy and lack of aptitude
among the class [V employees might be re-
sponsible for the occurrence of malaria. The
paired /~test values are significant for the medi-
cal students and insiginificant for the nursing
students and the class TV employees. The
insignificance of the above two groups can be
attributed to high variance in the incidence of
malaria (Table 5). These are several ambient
environmental factors which are also respon-
sible for the occurrence of higher incidence of
malaria among the students of nursing and the
class [V empioyees (Table 2). Forexample an
observation on the prophylactic measures, so-

TFable 5. Paired -test values for malaria among the occupational and the non-occupational
groups for a period of four years

Categories of Mean Variange t-value p-value
employee
Experimental  Control Experimental Contro!
group group group group
Students of nursing 117 033 1.36 007 1.85 008
Students of medicine 0.65 035 009 004 5196 2.007%
Class IV employees 23875 0.9575 3378 0.13 1.594 0105

*Significant at 0.01 level,
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journ in personal rooms, dress cover, prophy-
lactic and antimalarial drug use revealed that
physicians and surgeons are better equipped
than the other categories of health care workers
(Tabie 1). It is suggested that the class IV
employees and the students of nursing have to
be educated and appropriate measures have to
be taken to reduce the incidence of malaria
among these groups. The hospital environment
is another possible potential factor.” There are
no meshes for the windows and doors to pre-
vent the entry of mosquitoes. There are no
prophylactic measures such as general fumiga-
tion or use of domestic mosquito repeilents
(electrical gadgets) in the general wards where
the class IV employees and the sojourn of
students of nursing is more. The risk factors
and the incidence have to be further reduced
initiating appropriate prophylactic measures for
the health of both the patients and the health
care workers.

We have found that the hospital environment is
the potential threat for occupational malaria.
However, in many of the government general
hospitals in developing countries fike India, non-
adherence to safe work place standards'® !
and biohazardous waste transportation stan-
dards'? are still continuing. Hence, we suggest
studies in developing countries — such studies
should include collection of morbidity and
mortality data, hygiene-related practices in hos-
pitals, mosquito bite frequencies among select
groups, biohazardous waste regulation, waste
handling and waste transportation and the rest.
Such information will help to define the situa-
tions in which occupational malaria may pos-

sibly be controiled. We hope that these impot-
tant results would help in healthy hospital oc-
cupational environment,
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| Progliostic Implication of Hypocalcemia and
QTc Interval in Malaria

C.L. SONI*, M.R. KUMHAR®, B.K. GUPTA?, V.B. SINGH?, L. SRIMALI®, K.C. NAYAK?
and V.5, CHADDA?

Hundred confirmed cases of malaria were included in the present study to determine the
clinical and prognostic implications of hypocalcemia and corrected QT interval (QTc)
prolongation in malaria. Peripheral blood smear examination was done to determine the
parasite specics and the parasite toad. Serum calcium level and QTc measurements in
electrocardiogram were done for each patient. Fifty patients wers of P, feleiparum malaria
(38 complicated and 12 uncomplicated), 40 of vivax malaria and 10 patients were having
mixed (. falciparum and P vivax) infection. Hypocalcemia was found in 26 cases in which
QTe was prolonged. Ten patients who had convulsions, ali of them were having QTc
prolongation and eight had hypocalcemia. A total number of eight patients had muscle
spasm, of which six had QTc prolongation and four had hypocalcemia. There were 34
cases of cerebral malaria, of which 18 had hypocalcemia as well as QTc prolongation, 12 of
them developed renal failure and 14 had high parasitaemia. Four patients died who had
hypocalcemia and QTc prolongation due to hepatorenal syndrome. The mean parasite
toad, QTc interval and serum calcium were 2,69 & 1.0, 0,468 + 0,055 sec and 8.16 + 0.86
mg/dl respectively in complicated falciparum malaria; 1.6 £ 0.55, 0.442 % 0.043 sec and
8,72+ 0.97 mg/dl in complicated mixed (Pf+Pv) infection. 1.3320.52, 0.435 + 0.035 sec and
9.77 + 1.34 mg/d! in uncomplicated falciparum malariaand 1.35 £ 0.58,0.403 £ 0.019 secand
0.68 = .99 mg/dl in vivax malaria. The difference was significant between complicated
falciparum and mixed {Pf+Pv) infection when compared to uncomplicated falciparum and
vivax malaria (p < 0.05).

Keywords: Calcium, Hypocalcemia, QTc prolongation .~

*Department of Medicine, S.P. Medical College, Bikaner-334 001, india.
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INTRODUCTION

Mataria is known to exist as a killer disease of
mankind for thousands of years. Today, at the
door of the 21st century, there is a rapid resur-
gence of the disease in an explosive manner
especially with ermergence of drug-resistant viru-
lent forms of Plasmodium falciparum. ! It is
posing to be a big threat to countries of south-
east Asia specially the Indian subcontinent.?
Severe malaria may lead to various metabolic
abnormalities including metabolic acidos:s, hy-
poglycemia, low plasma concentration of glu-
cose level or sodium, bicarbonate, calcium, phos-
phate and albumin, together with the elevation
in lactate, blood urea, creatine, urate, muscle
and liver enzymes, and conjugated and
unconjugated bilirubin. Although there is men-
tion about hypocalcemia in malaria but there is
no information on its prevalence and clinical
implication.? There are also reports of hypo-
calcemia in bacteremic patients* and intensive
care unit patients.’> Hypocalcemia is known to
produce QTe prolongation in electrocardio-
gram®, which may lead to ventricular arrhyth-
mias and sudden death.

Therefore, this study was undertaken to deter-
mine the incidence of hypocalcemia in different
types of malaria and resulted change in the QTc
interval in electrocardiogram of the patient with
malaria, clinical and prognostic implications of
calcium level and QTc interval in the cases of
malaria,

MATERIALS AND METHODS

The present study was carried out on 100 con-
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secutive adult cases of malaria admitted in the
Department of Medicine, S.P. Medical College
and Associated Group of Hospitals, Bikaner.
Malaria was diagnosed by the positive blood
smeat for asexual phase of the parasite.” All
routine investigations were done in cach case
including liver function tests, renal function tests,
serum electrolyte, serum calcium level and elec-
trocardiogram with special emphasis on peniph-
eral blood film examination. The density of para-
site/pd of blood or the average number of para-
sites per oil immersion field in thin smear was
determined by the grading system.”

Grade 1+ =1-10 parasites per 100 fields;

2+ = 1-10 parasites per 10 fields;
3+ = 110 parasites per field; and
4+= 10 parasites per field.

o-Cresolphthalein complexion without depro-
teinization method was used® to estimate the
serum calcium level. Serum calcium level was
corrected with the simultaneous concentration
of serum albumin (normal range of total serum
calcium is 8.4-10.4 mg/dl). Blood samples were
collected without using a tourniquet. Those
who had low calcium levels were given eight
hourly intravenous 10 per cent calcium glucon-
ate, and serial calcitum estimation was carried
out till the value returned to normal.

Baseline electrocardiogram was also recorded
in each patient and QT interval was measured
manually (by experienced single doctor who
was blinded) from first deflection of QRS com-
plex to point of T-wave offset, defined as
return of the T-wave to baseline if U-wave is
present then offset is defined as the nadir be-
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tween the T-wave and U-wave.? QT was cor-
rected (QTc) by Bazette’s!? formula (QTc =
QTA/RR). Quinine was used to freat compli-~
cated and chloroquine resistant malaria patients,
whereas chloroquine was used to treat the un-
complicated malaria patients.!! Quinine doses
were reduced by halfto quarter in patients with
renal failure, hepatic failure or prolonged QTc
since the conventional doses produced cardio-
toxicity

Malaria case was graded as severe or compli-
cated when presented with one or more fea-
tures including cerebral malaria, severe
haemolytic anaemia, renal failure, pulmonary
oedema, hypoglycernia, disseminated mtravas-
cular coagulation, acidosis, malarial haemo-
globinuria, severe hepatitis, algid malaria and
heavy parasitaemia. >

RESULTS

In this study, the age of the patients ranged
between 14 and 82 vears and the most vulner-
able group of patients were in the range of 21
30 years with 72 males and 28 females. Mostly
the patients had high grade continuous fever or
fever with daily peaks. A total of twenty-four
per cent of cases had chills and rigor, 56 per
cent had nausea and vomiting, headache in 52
per cent, altered sensorium in 34 per cent,
generalised bodyache in 24 per cent, pain ab-
domen in 24 per cent, loose motion in 16 per
cent, jaundice in 12 per cent, convulsions in10
per cent, muscle cramps in eight per cent and
oliguria in four per cent cases were observed.
"On clinical examination splenomegaly was

present in 76 per cent, hepatomegaly in 36 per
cent, anaemia in 44 per cent and jaundice in 24
per cent cases. Laboratory examination revealed
anaemia in 90 per cent cases and most of them
were moderately anaemic and of normocytic
and normochromic type (80 per cent). Some
cases had macrocytic {(eight per cent) and mi-
crocytic hypochromic anaemia (12 per cent).
The most common finding during the study was
elevated serum bilirubin (in 56 per cent of cases),
out of them six patients had serum bilirubin
between 18-23 mg/dl. Renal failure was seen in
12 per cent cases with serum creatinine > 2
mg/dl. Peripheral blood smears were positive
for P, falciparum in 50 per cent, P. vivax in 40
per cent and for mixed (P + Pv) infection in
10 per cent . Total 48 cases were presented as
severe malaria (38 P, falciparum and 10 mixed
infection).

Out of 60 cases of P, falciparum and mixed
infection, 26 had hypocalcemia, whereas none
of P, vivax case had hypocalcemia (Table 1).
Twenty-four out of 48 complicated cases (22
P falciparum and two mixed infection} had
hypocalcemia against two out of 52 uncompli-
cated cases (p < 0.01). A total 38 cases had
QTc prolongation, 32 of them were related to
complicated falciparum malaria and mixed
{(Pf + Pv) infection. Out of 60 cases of P
firlciparum malaria and mixed (Pf+ Pv) infec-
tion 36 had QTc prolongation, whereas only
two cases out of 40 P vivax malaria had QTc
prolongation. All cases with hypocalcemia had
prolonged QTc interval. Table 2 shows the
mean calcium level and the average parasitic
load in different types of malaria. There wasa
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Table 1. Parasitic load, serum calcinm and QTe interval in various types of malaria

Type of malaria Parasitic load

Serum calcium {mg%a)

QTc interval (sec)

2+ 3+ 4+ <84 85104 >i04 <036 036043 >043
Complicated 18 & M p2s 16 - - 12 26
falciparum
Complicated 10 - - 2 8 - - 4 6
mixed infection
(Pf+Py)
Uncomplicated 4] 2 - 2 ] 4 - 8 4
falcipanam
Vivax K- 2 - - 32 8 2 36 2

Table 2. Comparison between complicated malaria and other types of malaria in regard fo parasitic load,
serum calcium level and QTe interval

Type of malaria No. of cases Parasitic load QTe interval Seruin calcium

Mean = SD Mean £ 5D Mean + SD
(sec) (ng’s)

Complicated falciparum 38 269+ 1.00 0.468 +0.055 8.16+0.86

Compilicated mixed infection 0 1.60+0.55 0442+ 0.043 8.72+0.97

(Ff+Pv)

Uncomplicated falciparum 12 1.33+0.52 0435+ 0.035 977+ 1.34

Vivax 40 1.35+0.58 0.403+0019 9.68+099

good correlation between parasitic load and
- degree of hypocalcemia (r=10.630; p <0.001),

In our study, four patients died due to
hepatorenal failure, as they all had hypocalce-
mia and prolonged QTc interval. Patients pre-
sented with convulsions (10 cases ) and muscle
cramps (eight cases} also had hypocalcemia and
QTe prolongation (8, 4 and 10, 6 cases respec-
tively). Out of 34 cases of cerebral malaria, 18
cases had hypocalcernia as well as QTc prolon-

gation. All the patients with heavy parasitacmia’
(14 cases) and renal failure (12 cases) had hy-
pocalcerntia and Q1c prolongation.

The difference in the mean parasitic load, serum
calcium and QTc interval was significant be-
tween complicated falciparum and uncompli-
cated falciparum malaria {t =3.79, 2.91, 2.45
and p <0.13, 0.50, 0.58 respectively) as well
as complicated falciparum and vivax malaria
(t=4.17,6.48,4.76 and p < 0.001, < 0.0001,
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< (.0001 respectively) whereas no significant
difference was observed between the compli-
cated falciparum and mixed (Pf+ Pv) infection
(p > 0.05).

In this study no correlation (p > 0.05) was
found with serum calcium and blood sugar level
and no case was presented with hypoglycemia.
All patients who had hypocalcemia were treated
with intravenous calcium ghuconate and normat
retum of serum calcium was coincided with the
parasite clearance and clinical recovery of the
patients. :

DISCUSSION

Calcium is an essential element which is re-
quired for many biological processes including
neuronal conduction, synaptic transmission,
hormone secretion, mitotic division, cardiac au-
tomaticity and excitation, contraction and cou-
pling in muscle. Calcium is also a major mtra-
cellular messenger which is essential for cellular
processes that require movement of ion and
protein, and is required by many enzymes
for regular activity. !> Deficiency of this impor-
tant ion is common in the patients who are
critically ill. 513 Hypocalcemia in such patients
may be because of poor sun light exposure,
poor dietary intake and deficiency of vitamm D.
The disease of pancreas, liver, biliary system
or intestine may also cause malabsorption
and deficiency of vitamin D leading to hypocal-
cemia. The disease of kidney or liver can
disrupt the calcium homeostasis by impair-
ing vitamin D activation leading to hypocalce-
mia.

Desai et al.5 observed a strong association
between sepsis and hypocalcemia. They found
that mortality of hypocalcemic patients (44 per
cent ) were significantly greater (p <0.05) than
mortality of the normocalcemic patients (17 per
cent ). There are reports of hypocalcemia in
bacteremic patients as observed by Aderka ef
al * They found that hypocalcemic patient had
a significantly higher maximal temperature than
normocalcemic. These findings suggest that hy-
pocalcemia is a very common abnormality in
acutely ill patients and is associated with a poor
prognosis.

We found that hypocalcemia was present in 26
per cent cases of complicated falciparum ma-
laria in whom QTc interval was prolonged
(>0.43 sec) and these patients had high
parasitaemia. This finding is consistent with
study done by Prabha et al. 14

We also observed convulsions in 10 cases, of
which eight had low serum calcium level and
muscle cramps in eight cases, of which four had
hypocalcemia. The convulsions may be due to
hypocalcemia or severe malaria itself (blood
sugar and sodium levels were normal). These
clinical features are related to neuronal iritabil-
ity due to hypocalcemia.!# In spite of low cal-
cium levels, tetany was observed rarely prob-
ably because all of these patients were on qui-
nine which is known to suppress tetany. 1

The patients who had hypocalcemia were given
intravenous calcium gluconate and they recov-
ered as the serum calcium level and QTc inter-
val returned to normal due to parasite clearance
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and clinical improvement. Only four deaths
occurred during the study period and these
patients had acute hepatorenal syndrome. All of
them had hypocalcemia and prolonged QTc.

The difference in relation to the mean parasitic
load, the mean serum calcium level and the
mean QTc interval was highly significant be-
tween complicated falciparum as well as mixed
(Pf+ Pv) infection compared to uncomplicated
falciparum and vivax malaria (p <0.001).

In this study, the mechanism by which hypocal-
cemia occurred in severe falciparum malaria
could not be ascertained. Possibly the general
causes of hypocalcemia of severe iliness like
poor intake of calcium diet, prolonged parenteral
infusion without calcium, alkalosis, associated
renal, hepatic, parathyroid and pancreatic
disfunction could have contributed®? and hy-
pocalcemia per se may lead QT¢ prolonga-
tion, 16

Our study indicates that though hypocalcemia is
usually asymptomatic, it is a significant prog-
nostic biochemical marker and it should be
monitored and treated (if present) to reduce the
morbidity and mortality in malaria. Daily deter-
mination of QTc in ECG should be done in all
cases of severe malaria specially in those with
hypocalcemia, as prolonged QTc may lead to
serious ventricular arrhythmias.
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Splenomegaly in School Children in a
Remote Tribal Area of Dhule District,
Maharashtra

K. GHOSH® M.B. MUKHERIEE? R.R. SURVE?, U. SHANKARKUMAR?, S.L. KATE?,
S.B. NAGTILAK?®, R.B COLAH?, A.A. TAMANKAR? and D. MOHANTY"

Sickle-ceit gene is known to protect against P, fafciparum infection and provides a selective
survival advantage in those areas where P _falciparum infection is endemic. This protection
is not absolute and many other factors, inherited and acquired also contribute to the
immunity against P felciparum infection. We investigated incidence of splenomegaly and
typical history of malaria in the past two years in apparently healthy school children in
a tribal area in Dhule district of Maharashtra to see whether the incidence of malaria
{splenomegaly and typical history) was different in children having sickle-cell trait to that
of those who did not have this (rait. A total of 480 school children were clinically examined
for splenomegaly and history of typical malarial fever and/or blood slide positivity for
malaria in the past two years. About 9.55 per cent of normal population had either
splenomegaly or convincing history of malarial infection in the past two years which is
not statistically different from the sickle-cell trait patients having evidence of past malaria
(8.79 per cent; p > 0.05).

Keywords: Healthy school children, Malaria, Sickle-cell, Splenomegaly

INTRODUCTION endemic. “Bhils” and “Pawras” are the two ma-

jor endogamous tribal groups with a higher
Dhadgaon is one of the remote areas in Dhule  prevalence of sickle-cell gene and have been
disirict of Maharashtra state where malariais  living in this area for the centuries. Several stud-
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ies have already established that sickle-cell trat
protects against severe P, falciparum? as well
as milder P falciparum? infection.

We studied 480 apparently healthy school
children aged between 12 and 18 years from
a school with a view to find out splenomegaly
and convineing history of malarial infection in
this population over the past two years. As
sickle-cell trait itself does not produce sple-
nomegaly, the incidence of splenomegaly and
history of malarial infection together will pro-
vide some measures of prevalence of malarial
infection in this popuiation. RBC indices and
haemoglobin analysis for sickle-cell trait were
carried out in this population with a view to find
out whether malarial infection is significantly Jess
in the students having sickle-cell traits compared
to those who did not have it.

MATERIALS AND METHODS

Health Supervisor of Dhadgaon region was ap-
proached for various malaria telated incidences
of that area for 1996. A total of 480 students
in the age group of 12 to 18 years from the
school was clinically examinext for splenomegaly,
anemia and fever. A clinical proforma was filled-
up with special emphasis on fever with chill and
rigor in the past two years and whether the
episode was checked by peripheral blood smear
examination and the fever responded to antima-
larial treatment.

As most of the students were in nineth and tenth
standards, communication and understanding
was proper and easy. The spleen was examined

by one of us (KG) using standard technique.
Ifthe spleen was not palpable by this technique
then the patient was put on his/her right side
with left hip and knee flexed at right angle and
left hand kept flexed over patient’s head. Then

-lower left rib cage was supported with the left

palm and the spleen was palpated with tips of
right index and middle fingers with patient in

.deep breathing. The enlargement was measured

in centimeters from the left costal margin.

Five ml of blood was collected from these stu-
dents from the antecubital vein and was anti-
coagulated with dipotassium EDTA. RBC in-
dices on all samples were done in an automated
cell counter (ERMA-PC 6, Japan). The hae-
moglobin analysis was carried out in Variant
Haemoglobin Testing System (Bio-Rad, Inc.
(Ohio, USA) using P-thalassemia short
programme. This is an automated system which
uses microcotumn ion exchange chromatogra-
phy as the principle of separation of different
haemoglobin variants. Sickle-cell hacmoglobin
was additionally tested by solubility test and
cellulose acetate electrophoresis with Tris-EDTA
borate buffer at pH 8.9% (Fig. 1).

RESULTS

Out of 480 students examined, 315 were boys
and 165 were girls. None had any complaints
and none was suffering from febrile iliness inthe
past two weeks. About 12 (2.5 per cent) were
suffering from either B-thalassemia trait
or homozygous sickle-cell anemia and they
were excluded from the present analysis. The
mean haemoglobin in our study population was
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AA

11.94 + 1.60 g/dl and 40 students (9.7 per
cent) had haemoglobin less than 10 g/dl (16
boys and 24 girls). A total of 376 students (80.5
per cent) had mean carpuscular volume (MCV)
<75 fl.

Table 1 shows the spleen rate and malaria
oceurrence in the school children studied. Out
of 377 students who did not have sickle-cell
traits, spleen (25 cm) was variably palpable
in 25 students (6.63 per cent). All these stu-
dents gave typical history of malaria during the
last two years. Additionally, 11 students from
this group gave history of typical malarial attack
in the last two years and they responded an-
timalarial drugs, but they did not have palpable
spleen. Hence, 36 students (9.55 per cent) from
377 non sickle-cell trait group had some evi-
dence of malaria.

AS

AA

Fig. 1: Hb electrophoresis on ceilulose acetate membrane at pH 8.9

Ninety-one students from the whole group were
positive for sickle-cell trait. Six patients (6.59
per cent) from this group had variable (2-6 cm)
splenomegaty and additional two from this group
gave typical history of malaria without paipable
spleen, Hence eight students (8.79 per cent)
had some evidence of malaria in the past. All
the patients with splenomegaly in this group gave
history of malaria. The difference in the inci-
dence of malaria in these two groups of stu-
dents were not statistically significant (p> 0.05)
for both. The total incidence of splenomegaly
in this population turns to be 31/468 (6.62 per
cent).

The annual parasite incidence’ (which is calcu-
iated as confirmed cases during one year out
of the population under surveiilance x 1000)
was found to be 20.36 and the slide positive
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Table 1. Spleen rate and occurrence of malaria in sickle-cell trait and normal healthy
school children in Dhule

Status No. of cases Spleen Malaria

Palpable Not palpable Present Absent
Normal 377 25 (6.63) 352 {(93.37) 36 (955) 341 (90.45)
Sickle-cell frait 91 6 (6.59) 85 (93.71) g (879) 83 (91.21)
Total 463 31 (6.62) 437 (93.38) 44 (9.40) 424 (90.60)

Figures in parentheses indicate percentage.

rate was 30 per cent where as slide falciparum
rate was 17 per cent (17 slides out of 100
slides) in the patients with fever was positive for
P, falciparwm. All indices showed the areato
be endemic for malaria with P, falciparum as
the predominating species.

DISCUSSION

The spieen rate has been used as an indicator
for the prevalence ol'malaria in the population
surveys.S We studied a relatively healthy school
student population and the sickle-cell trait in this
tribal population was quite high. About 91/468
(19.4 per ceht) students in our study had sickle-
cell trait. As several studies have proved that
sickle-cell traits provide some measure of pro-
tection against P, falciparum malaria, we hoped
to see significantly less malaria related indices
or history of malaria in our sickle-cell trait popu-
lation. However, the present study showed no
differences in the spleen rate or in the history
of malaria in the students with and without sickle-
cell traits. Similar observations have been made
by Hersan ef al.,® where they found that the
prevalence rates of P, falciparum was similar

in normal and sickle-cell individuals. Though,
the parasite densities increased less rapidly in
sickle-cell trait than in normal children.

In most studies sickle-cell gene was found to
provide a measure of protection against serious
P falciparum infection! and whether this pro-
tection is operative in milder infection is debat-
able.? It has been postulated that the malaria
parasite metabolized HbS less easily than HbA?
and the difference in the immune response be-
tween sicklers and non-sicklers might account
for the relative resistance of the sicklers.? Miller
et al.? suggested that parasitization of red cells
in the sickle-cell trait brought about selective
sickling of parasitized cells and hence their more
effective removal, while in other study, Luzzatto
et al. 10 demonstrated increased sickling of para-
sitized cells on i# vitro incubation. The parasite
was thought to bring about its own destruction
by identifying its host cell to the splenic reticulo-
endothelial tissue. This proposed mechanism de-
pended on significant sickling at physiological
oxygen tension in the sickle-cell trait, which
seemed unlikely although it is now recognized
that in falciparum malaria, parasitized cells are
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sequestered deep within the reticuloendothetial
system and exposed to low oxygen tensions
permitting potassium loss and low pH, factors
known to inhibit parasite growth iz vitro. -2

By design most of our patients had milder form
of P falciparum infection, hence the present
study does not analyse the fact that sickle-cell
gene protects against severe P. falciparum in-
fection. Unlike Africa, HbS has not been shown
to have definite correlation with malaria in In-
dia.}3 Demonstration of similar proportion of
patients with P, falciporiom malaria in both the
groups and demonstration of similar proportion
of splenomegaly suggest that F. falciparum in-
fection was mainly responsible for splenomegaly.
This suggestion is also strengthened by the fact
that splenomegaly was not found in the patients
with sickle-cell trait who did not have malaria.
It may be worthwhile to note that not a single
patient died of P falciparum infection in
Dhadgaon area in the study year,

Several genetic factors like ABO bloed
groups,(G-6-P1) deficiency, TNF allelles, NSO,
genes and HLA antigens, influence the severity
of disease due to infection with P. fulcipa-
rum. 1415 When all or some of these factors
are operative in an endogamous population then
the protection offered by sickle-cell gene may
becorme marginal as other equally important fac-
tors remain operative.

tron deficiency anemia as an acquired condition
also offer some protection against malarial and
other infections, 917 In the population studied
though B-thalassemia was excluded but MCV

INDIAN J. MALARIOL., VOL. 37, SEPTEMBER-DECEMBER 2000

< 75 1 was present in 80.5 per cent of cases.
Tt is certain that many of these patients were
iron deficient and this acquired deficiency could
as well be operative in protection against ma-
taria apart from acquired immunity to this con-
dition. The spleen rate (6.62 per cent) in the
population as a whole was higher when com-
pared to 2.86 per cent in college freshmen in
USA where malaria is non existent and mostly
imported.2
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Mosquito Fauna and Malaria Vectors in
Jairampur, District Changlang, Arunachal

Pradesh

ANIL PRAKASH?, D.R. BHATTACHARYYA®, PK. MOHAPATRA® and

J. MAHANTA®

In an entomological study, covering three biotopes like village, panikheti (wet rice culti-
vated land) and urban agglomeration, a total of 33 species of mosquitoes in eight genera
were recorded in Jairampur area of Arunachal Pradesh. Two mosquito species —
Orthopodomyia anopheloides and Tripteroides indicus were recorded for the fust time
in Arunachal Pradesh. Anopheles dirus and An. minimus, the two well-known malaria
vectors were encountered in the study along with several potential vector species fike An.
annularis, An. culicifacies, An. maculatus group and An. philippinensis/nivipes. The
diversity of mosquito species as well as the man-vector contact was maximum in the
panikheti and minimum in the village biotope,

Keywords: Biotopes, Malaria vectors, Man-mosquite contact, Mosquito fauna

INTRODUCTION

Jairampur sub-division in Changlang district
of Arunachal Pradesh is endemic for malaria
with high degree of chloroquine resistance to
Plasmodium fa!czparum.t’z A mosguito sur-

vey cartied out during 1979 in Jairampur® (in
erstwhile Tirap district) reported a total of 28
species of mosquitoes including 13 anopheline
species. Later, during the course of malaria
transmission studies, between 1986 and 1990,
in Jairampur area, anopheline species varying

Regional Medical Research Centre, N.E. Region (ICMR), Post Box No. 105, Dibrugarh-786 001, India.



PRAKASH EraL.. ENTOMOLOGICAL STUDIES IN JAIRAMPUR

from 11 to 16 were recorded and An. dirus
was incriminated as vector.+® However, these
studies are now nearly a decade old and
moreover, ecological changes like deforesta-
tion, expansion of agriculture, developmental
activities, population increase and the rest may
have brought some changes in abundance of
mosquito species, malaria vectors, its ecologi-
cal succession and ultimately the malaria epi-
demiology. In view of this, an entomological
study was undertaken in Jairampur area dut-
ing 1997 to investigate the composition of
various mosquito species with particular ref-
erence to malaria vectors. The study covered
three different biotopes in the same area to
find out the local variations in the abundance
of mosquito species and ‘man-vector contact.

MATERIALS AND METHODS
Study site

The study was conducted at three locations
representing different socio-ecological settings
(biotopes) existing in Jairampur area. Loca-
tion-I (village Kobin) was a typical Tangsa tribal
village situated on a small hillock and sur-
rounded by the broken forest on two sides.
Location-II was a flat, low-lying wet paddy
cultivated area, generally referred as “panikbet?’,
inhabited by the immigrant Nepalese labourers
having houses interspersed with paddy fields.
Location-III (colony Premnagar) was a con-
gested locality/urban agglomeration in Jarampur
town. All the three study sites were located at
the bank of the Namchik river and were close
by (~ 0.5 km) to the forest fringe. The dis-
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tance between location-1 and location-II was
< one km and between location-I and loca-
tion-I1 about five kon.

Mosquito collections

Four entomological surveys, in the months of
April, June, September and December 1997
were catrried out in all the three locations.
Adult mosquitoes were collected from the
human dwellings (in all the locations) and
cattlesheds (in location-II) with the help of
battery operated CDC miniature light-traps
from dusk-to-dawn. A total of 10 trap-night
collections (Location-1: four; Location-II: four;
and Location-III: two) from the human dwell-
ings and five trap-night collections from the
cattlesheds were made during the study. The
man-mosquito contact was estimated by car-
rying out whole night human landing collec-
tions by self baiting technique in the verandah
of the human dwellings for 15 nights (Loca-
tion-I: seven; Location-II and III: four each).
Indoor resting mosquitoes were collected with
the help of suction tube and flashlights from
the human dwellings in the morning between
0500 and 0700 hrs (in Location-1l only). A
minimum 120 min indoor resting collections
from 8 to 10 houses during each survey was
carried out. Mosquito catching stations, in ail
the locations, for different types of collection
remained unchanged throughout the study. The

“adult mosquitoes collected by various meth-

ods were carried to the camp laboratory and
identified using the standard keys.”10 Suit-
able specimens of the known and potential
malaria vectors were dissected to detect gut
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and gland infection. In addition, mosquito
immatures were collected from different breed-
ing habitats. The collected larvae were link
reared in plastic photo vials till emergence for
proper identification.

RESULTS

A total of 35 species of mosquitoes in eight
genera were collected during the study (Table
1). In light-trap catches, the diversity (19 spp)
as well as density (29.9/trap night)} of mos-
quitoes was highest in the location-l, whereas
the man-mosquito contact was maximum in the
location-Il with a mean landing rate of 163.5
mosquitoes/person/night, 85 per cent of it con-
tributed by Cx. quinguefasciatus alone (Table
2). Compared to this, the mean landing rate
was though less in the loation-1I (48.3 mos-
quitoes/person/night), yet the number of mos-
quito species was the highest (16 spp) there.
Further, mosquito density was minimum in the
location-I both in light-trap (two mosqutioes/
trap-night, six spp) as well as human landing
collections (5.3 mosquitoes/person/night, 10

spp).

In indoor resting catches, only three species——
An. culicifacies, An. vagus and Cx. quingue-
fasciatus were collected from the human
dwellings (Table 1). Of these, An. culicifacies
{(per man hour density, PMHD 4.5) was cap-
tured only during June; 4An. vagus was col-
lected during June (PMHD 13.3) and Sep-
tember (PMHD 4); and Cx. guinquefasciatus
was caught in April (PMHD 1), September
(PMHD 4) and December (PMHD 3).

The number of mosquito breeding habitats
were limited in the village biotope which in-
cluded a couple of small fish rearing ponds,
pit wells, tree holes, bamboo stumps and a
stream.  [n addition to these sites, paddy fields,
ditches and seepages were other breeding
sources in the panikheti biotope; whereas
drains, ground pools and pits were the main
peridomestic mosquito breeding sites in the
urban agglomeration. Of the 20 species of
mosquitoes that emerged from larval collec-
tions, eight species — Ae. annandalei, Ae.
albopictus, An. nivipes, Cx. fuscanus, CXx.
mimulus, Or. anopheloides, Tx. splendens
and Tp. indicus were collected exclusively as
immatures whereas the remaining 12 species
were also collected as adults (Table 1).

A total of six species of malana vectors m
India — An. annularis, An. culicifacies, An.
dirus, An. maculatus group, An. minimus
and An. philippinensis/nivipes were encoun-
tered during the study. While the first two
species were collected only in the panikheti
biotope, An. minimus was present in the vil-
lage as well as in the panikheti biotope while
An. dirus, An. maculatus group and 4n.
philippinensis/nivipes were found in all the
three biotopes. The human landing density of
all vector species together was highest in the
panikheti {14.3/person/night) followed by ur-
ban agglomeration (4/person/night) and village
(2.5/person/night) (Table 2).

Suitable specimens of An. culicifacies (n =
20), 4n. dirus (n = 14), An. maculatus
group (n = 45), An. minimus (n = 10) and
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Fable 1. Mosquitoes collected in Jairampur area
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Species

Collection method

Light-trap

Human ianding

Indoor resting

Immature collection

Aedes albopicrus
Ae. annandalei

Ae. vexans
Anopheles annularis
An. barbirosiris

An. culicifacies

An. dirus

Ar. hyrcanus group
An karwari

An. kochi

An. maculatus group
An. minimus

An. nivipes

An. philippinensis
An pseudowillmori
An. tessellatus

An. vagus
Armigeres durhami
Ar. flavus

Culex bitaeniorhynchus

Cx. fuscanus

Cx. fuscocephala
Cx. gelidus

Cx. mimulus

Cx. pseudovishnui
Cx. guinguefasciatus
Cx. tritaeniorhynchus
Cx. vishaui

Cx, whitmorei
Mansonia ammudifera
Ma. dives

Ma uniformis

Orthopodomyia anopheloides®
Toxorhynchites splendens

Tripteroides indicus®
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*First report from Arunachal Pradesh; (C) — Collected; () Not collected.
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Table 2. Mosquito abundance and man-mosquito, contact in different biotopes in Jairampur

Species Mean density/trap-night Mean larding rate/person/night
- L1 L~II1 Total L1 L LHII
(n=4 =9 ®=2) (%) (n=7) {n~4) (n=4)
Aedes vexans - - - - 0.1 6.0 0.0
Anopheles annularis 0.0 03 0.0 3 (09 00 03 00
An. barbirostris 00 0.1 00 I 03) - -
An. culicifacies 00 0.1 00 1 {0.3) - - -
An. dirus 00 0.1 00 1 (03) 03 0.0 390
An. hyreanus group 0.0 28 00 25 (82) - - -
An. karwari 00 19 00 17 (5.6) - - -
dn. kochi 0.0 0.1 0.0 T {03 - - -
An. maculatus group 03 1.7 00 7 (5.6) 04 50 0.5
An. minimus 0.0 06 00 - 5 (16) . 03 1.0 0.0
An. philippinensis/nivipes 0.3 26 0.0 MU (79 L5 g8 05
An. pseudowillmori - - - - 0.0 1.3 00
An. tessellatus 0.0 0.1 0.0 1 {0.3) - - -
An. vagus 05 0.8 06 9 29 0.1 13 03
Armigeres durhami - ~ - 00 00 16.8
Ar. flavus - - - - 0.0 03 03
Culex hitaeniorhynchus 0.0 04 0.0 4 (1.3 0.1 05 00
Cx. fuscocephala 0.5 26 00 25 (32 0.0 70 00
Cx. gelidus - - - - 0.0 0.5 1.0
Cx. pseudovishnui - - - 04 50 1.0
Cx. quinquefasciatus 03 0.1 13.0 2 (92) 13 150 139.0
Cx. tritaeniorhynchus - - - - 00 03 0.0
Cx. vishnui - - - - 00 05 05
Cx. vishpui group* 03 112 00 102 (33.5) - - -
Cx. whitmorei 00 19 00 17 (56) - - -
Mansonia annulifera 00 0.1 0.0 1 (03) - - -
Ma. dives 00 26 0.0 23 (15 0.7 15 08
Ma. uniformis - - ~ - 00 03 0.0
Total 20 299 130 305 (100) 53 483 1635

*Light-trap catches of Cx. vishnui, Cx. pseudovishnui and Cx. tritaeniorhynchus clubbed together due
to uncertain identification of the individual species, L-1 — Location I (Village); L-11 — Location 1
(Panikheti); L-111 — Location III (Urban agglomeration); (—) Not collected.
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An. philippinensis/mivipes (n = 44) collect-
ed during the study were dissected for gut
and gland infection, but none was found posi-
tive.

DISCUSSION

Nagpal and Sharma!! recorded 40 species of
mosquitoes in six genera from Aruynachal
Pradesh. Jairampur area was, however, not
covered in their survey. Malhotra ef al3 re-
ported 28 mosquito species belonging to eight
genera during 1979 from Jairampur. Com-
pared to this, we collected mosquitoes of 35
species in eight genera from the same area
including Orthopodomyia anopheloides and
Triptervides indicus, which were recorded
for the first time in Arunachal Pradesh (Table
1). Or. anopheloides, as noted by Barraud,g
is commonly available in the western and
ecastern Himalayas, in Assam along with
Brahamputra valley, hills of south Assam while,
Tp, indicus is distributed In Assam, Meghalaya
and Darjeeling.

An, minimus was earlier not reported from
Jairampur area>® as well as some other parts
of Tirap district of Arunachal Pradesh.>'?
However, it was incriminated from Namsang
circle of Tirap district.!® Coflection of 4n.
minimus in good numbers in the present study
indicates that An. minimus is now well es-
tablished, though having patchy distribution, in
Tirap and Changlang districts of Arunachal
Pradesh and playing a role in the malaria trans-
mission along with 4n. dirus, another incrimi-
nated vector in District ﬁmp.4’12
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Both, An. philippinensis and An. nivipes were
identified in larval collections using diagnostic
larval and pupal characters.” Both the spe-
cies bred together in paddy fields, seepage
water and ditches. Thus, present study con-
firms the carlier report, which was based on
wing characters, of presence of 4An. nivipes
alon% with 4n. philippinensis in northeast In-
dia.!' Recently, unequivocal cytotaxonomic
evidence for the presence of 4n. nivipes in
northeast India including Arunachal Pradesh:
was provided by Subbarao ef al.¥ 4n.
philippinensis, once incriminated from Byrmi-
hat area of I\J{f:ghafiayah35 is considered as a
potential vector in Changlang district of
Arunachal Pradesh.® Further studies are re-
quired to work out the distribution and vec-
torial status of An. philippinensis and An.
nivipes in the northeastern region.

The high densities of An. maculatus group
mosqutioes in our study are in accordance with
carlier reporis.>® Of the eight biological spe-
cies identified, so far, in An. maculatus geoup!
complex from southeast Asia, four species -—
sp B (4n. maculatus s.s), sp C (An.
dravidicus), sp H (4dn. willmorei} and sp 1
(dn. pseudowillmori} are reported in India. s
Following the key of Rattanarithikul and
Panthusiri,!” a few specimens of 4n. pseudo-
willmori were morphologically identified in our
collections and all uncertain specimen of this
complex were shown as dn. maculatus
group. The occurrence of An. maculatus and
An. willmorei (as An. maculatus var will-
morei) is already on record from Arunachal
Pradesh. ! An. maculatus group of mos-
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quitoes are important malaria vectors in Ma-
laysia, Myanmar, Thailand and Nepal and
were incriminated, in 1940s from Assam and
Meghalaya.'® However, its present vectorial
status in northeast India is unclear and as such
the distribution of species of An. maculatus
group and its role in the malaria transmission
needs critical assessment.

The study noted variations in mosquito abun-
dance, species distribution and diversity in the
three biotopes within the same geographic
zone. Though the overall man-mosquito con-
tact was high in urban agglomeration followed
by panikheti and village biotope, the man-vec-
tor contact {in turn broadly the risk of con-
fracting malaria) was maximum in the panikheti
followed by the urban agglomeration and the
village area in Jairampur area. These local
variations might be the function of availability
of species-specific mosqutio breeding habitats
and alternate hosts in different biotopes.
Jambulingam ef al 19 attributed the variations
in vector abundance and malara transmission
intensity between the villages, within one geo-
graphical zone of Orissa, to the availability of
extent and type of mosquito breeding places.
Similarly, Greenwood?® considered the small
area variations in exposure to mosquito bites
as the most important factor in explaining the
differences in malaria risk factors in a given
geographical area.

This study brings out the mosquito fauna of a
well-known malairous area besides highlight-
ing the local variations of mosquito prevalence
and man-mosquito contact within a geographi-

cal area. It would be worthwhile to investi-~
gate the likely variations in malaria endemic-
ity, epidemiological and antimalarial drug
resistance pattern in different biotopes of
Jairampur area in view of its importance in
evaluating and optimizing the malaria control
operations.
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INTRODUCTION

Estimating Parasite Density in Patients
Suffering from Falciparum Malaria in
an Endemic Area in Kolkata

AKX HATIZ B.MONDAL? P CHAUDHURI®, S. PURKAYASTHAS,
H MUKHERJEE? and A.K. MUKHOPADHYAY?

Parasite density of one hundred patients suffering from falciparum malaria in an endemic area
in Kolkata was determined using three different methods. In the first of these, parasite
density per microlitre of blood in a patient was determined using parasite count adjusted by
average WBC count (i.e. 8000/pl) observed in microscopic fields of the thick film. In the
remaining two methods, only raw (i.e. unadjusted) parasite counts in microscopic fields of
the same slide were used. A statistical analysis was carried out in detail to compare these
methods based on raw and adjusted parasite counts and also fo find out a suitable method
which can be used in practice. Estimating the density of parasites is of primary importance in
determining the severity of infection, Furthermore, parasite density can help in identifying
short-treatment and long-treatment failure vis-a-vis detection of development of resistance
in R falciparum against the drug used. This article reports some findings that indicate the
existence of a potentially dangerous situation in the study area.

Keywords: Malaria, Parasite density, RBC and WBC counts

only to determine the severity and prognosis of

the disease but also to detect the early treat-

Estimation of parasite density in the patients in-  ment failure as well as late treatment failure. Itis
fected with falciparum malaria is required not  also useful in detecting the development of re-
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sistance against the drug used. There is dearth
of literarture on parasite density in Indian pa-
tients suffering from falciparum malaria since its
resurgence. Malaria is now endemic in big
cities posing a serious threat to public health. A
recent study on comparative evaluation of meth-
ods of malaria parasite density estimation in
blood samples from patients and laboratory
animals was carried out by Dubey et al. ! will
be discussed in more detail in the concluding
section.

This communication analyses data on parasite
density of altogether one hundred patients suf-
fering from falciparum malaria in an endemic
area in Kolkata. Three different methods, which
are standardised and well-known in practice,
have been used simultancously for each patient
and evaluated statistically to find out the most
suitable method that can be conveniently used
in practice. Moreover, the range of prasitaemia
and the average density of parasites in the en-
demic area were also evaluated.

MATERIALS AND METHODS

The study area consisted of about three sq km
situated at the northwestern part of Kolkata. A
total of 100 patients suffering from falciparum
malaria were considered for the study reported
in this paper. From each patient a thick film was
drawn on the glass slide, stained with Giemsa
and examined under oil immersion at a magnifi-
cation of 1000. The number of parasitized red
cells (containing only the rings) per 200 white
blood cells was counted. To count the para-
sites, three methods were used. In the first

method, assuming the white blood cell count to
be 8000/ of blood, the number of parasites
thus counted in each positive slide was multi-
plied by 40 to get the number of parasites/pl of
blood applying the formula of Wemsdorfer and
McGregor.2

No. of parasites
Adjusted count = X 8000
No. of leucocytes

= No.of parasites/ul of blood

Tn the second method, the number of parasites
was counted in each microscopic field and each
case was graded as having high density for 20
or more parasites per field, as having medium
density for 2-19 parasites per field and as
having low density for one or less parasite per
field. For each positive slide on an average
10 fields were examined. This istermed as the
raw count-1. In the third method,* the cases
were classified according to the parasite density
as follows:

+ : 1--10 rings per 100 fields; ++ : 11-100
rings per 100 fields; +++: < 10 rings per field;
and ++++ 1 > 10 rings per field.

This is termed as the raw count-1L

Statistical aﬁalysis of data

One of our main objectives is to find out how
the raw parasite counts and adjusted parasite
counts are correlated for different patients. We
have plotted the logarithms of raw and adjusted
parasite counts for all hundred falciparum ma-
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laria patients in the present study in a scattergram
{Fig. 1). The strong linear pattern, which is
clearly visible in the scattergram, suggests a very
high linear correlation between the logarithms
of the two counts and the actual value of the
correlation in this case is 0.36.

On careful examination of the data, it was ob-
served that most of the patients with adjusted
count 3000 or less, were classied in the “low”
category according to raw count-J and in the +
or the ++ category according to raw count-1L.
The cases for which the adjusted count was
hetween 3000 and 20,000, were classified
rmostly as “medium” according to raw count-1
and as +++ according to raw count-II. The

cases with adjusted count more than 20,000
were classified mostly as “high” according to
raw count-l and as ++++ according to raw
count-II. This motivated us to introduce a new
classification based on adjusted count as fol-
lows,

The cases with adjusted count 3000 or less
may be classified as mild, those with adjusted
count between 3000 and 20,000 may be clas-
sified as moderate and those with adjusted count
above 20,000 may be clagsified as high. In the
next section we report some results obtained
from statistical analysis of the cross classified
data when each case was classified by different
methods.
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Fig. 1: Scattergram for logarithms of adjusted and raw counts
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RESULTS

According to the first method, i.e. adjusted
count, the infected cases were observed to be
distributed as 33 per cent “mild” cases, 42 per
cent “moderate” cases and 25 per cent “high”
cases. According to the second method, i.e.
raw count-1, 33 per cent of the cases were
classified as “low”, 53 per cent as “medium™
and 14 per cent as “high” (Table 1). Inthe case
ofthe third method (raw count-11), there were
five per cent cases in 1 category, 23 per cent
cases in ++ category, 42 per cent cases in the
+++ category and 30 per cent cases in the ++++
category (Table 2).

The three methods were subjected to detailed
statistical evaluation. There was very high de-
gree of association between the “high-medum-
low” classification based on the raw counts (the
sencond method) and the “high-moderate-mild”
classification based on the adjusted counts (the
first method). Kendall’s correlation,” between
the two classification procedures based on con-

Table 1. Classification of parasitaemia in
P falciparum infected paticnts according
to adjusted count and raw count-1

Adjusted Raw count-
count

Low Medium High  Total
Mild 30 3 0 0B
Moderate 3 33 i 42
High 0 12 13 25
Total 33 53 14 108

Table 2. Classification of parasitaemia in
P. falciparim infected patients according
to adjusted count and raw connt-il

Adjusted Raw count-1i
count

H+ R A+ Total
Miid 28 4 1 B
Moderate ] 35 7 42
High 0 3 2 25
Total 28 42 30 100

cordant and discordant pairs was (.982 as com-
puted from the data presented in Table 1. Ifthe
raw count classification happened to be “low”,
there was about 90 per cent chance that the
adjusted count classification would be *mild”,
and similarly if the raw count classification hap-
pened to be “high”, there was about 93 per cent
chance that the adjusted count classification
would be “high”. When the raw count classifi-
cation was “medium”, the chances for the ad-

justed count classification to be “moderate”

and “high” were 72 and 23 per cent respec-
tively.

Since there were only five of the 100 cases in
the + category, we have tabulated the cross
classification data in Table 2 after merging the +
and the ++ categories. The Kendall’s correla-
tion® computed using concordant and discor-
dant pairs based on this table for the two classi-
fication procedures (one based on raw counts
and the other on adjusted counts) was 0.96
which was quite high indicating a strong asso~
ciation between the data obtained from two
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procedures. When a case in +or ++ category
was taken, the corresponding classification based
on adjusted count was always “mild”. Similarly
a case falling in +++ category would likely be
classified as “moderate” based on adjusted count
with a chance of about 83 per cent and the
chance for a case in ++++ category to be clas-
sified as “high” according to adjusted count is
about 73 per cent.

DISCUSSION

Our analysis indicates that the correlation be-
tween the classification based on adjusted counts
and the classification based on raw counts is
extremely high, and so one can use only the raw
counts and avoid complexities involved in ob-
taining the adjusted counts. Since obtaining ad-
justed counts involves getting WBC counts and
observing more fields in positive slides than
what is required in the case of raw counts, do-
ing the analysis using only raw counts results ina
more convenient and less expensive procedure.
This would also reduce the time to examine a
slide.

Severity of the disease has some relation with
the density of parasites. This isalso useful to
detect the development of resistance and select
treatment modalities. One of the criteria of se-
vere malaria in a patient is haematocrit <15 per
cent or haemoglobin < 5 g/dl in the presence of
parasitaemia with parasite density > 10,000/ul.
Patients having hyperparasitaemia with parasite
density > 100,000/ul have the risk of increased
mortality, and when parasite density is
> 500,000/p1, high mortality is expected.® Ac-

cording to these parameters, 43 per cent of the
patients examined possess the risk of attack
with severe malaria in the sense that the para-
site density in them is > 10,000/pl. Inastudy in
the same endemic area, 0.63 per cent of the
patients infected with falciparum malaria has
haemoglobin < 5 g/dl.” However, it should be
noted that in endemic areas, such type of high
parasitaemia may be well tolerated by semi-
immune population.

It was observed that seven per cent of the pa-
tients in the present study possess parasitaemia
with parasite density > 100,000/pl of blood in
whom severe manifestations may occur. Inno
patient, however, parasite density was observed
to exceed 500,000/pl. The observed range in
100 patients was 40/ul to 4,96,000/pl, and the
mean parasite density was 27,462/ul.

Counting of density of parasites in the blood
can take a significant role to detect the early
treatment failure, late treatment faiture and treat-
ment success.® It can thereby help in identify-
ing the resistant cases and selecting treatment
modalities. When parasite density on Day 3 is
more than 25 per cent of the density of Day 0,
early treatment failure is apprehended. Again,
subjects whose fever has initially been cleared
(i.e. temperature < 37.5°C), and who become
parasite negative or parasite positive on Day 3
(i.e. parasite density becomes <25 per cent of
the density on Day 0) but who show fever or
parasitaemia on any day from Day 4 to Day 14
are regarded as cases of late treatment failure.
Treatment success means afebrile subjects who
are parasite negative on Day 3 and thereafter
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(carly recovery) or subjects with or without fe-
ver and parasite positive on Day 3 (i.e. parasite
density < to 25 per cent of the density on
Day 0) and parasite negative thereafter (late
recovery).

Studies on density of parasitacmia in falciparum
patients in this hypoendemic region indicate the
existence of a potentially dangerous situation,
having the risk of life, specially when falciparum
malaria is increasing gradually from 10 per cent
in 1980 to 36-38 per cent in recent years in
India 10 ‘

We conclude by drawing the reader’s attention
to a similar work by Dubey ef al.! This work
also considers several methods of evaluating
parasite density and their statistical comparison,
However, the number of patients suffering from
falciparum malaria considered by them is only
12 as opposed to 100 in our study. Also, their
modes of comparison are quite different from
ours. This is primarily because one of the meth-
ods used by them was assumed to give the
correct measure of parasite density and the other
methods were tested against this method, which
was taken like a standard, using statistical r-test
for comparison of parasite counts obtained by
different methods. On the other hand, we have
focussed on the degree of correlation between
parasite counts obtained by three standard pro-
cedures used in practice.
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Entomological and Epidemiological Studies
on Malaria in Rajmahal Range, Bihar

N.G. DAS?, M. BHUYAN® and S.C. DAS?

The epidemiological investigations carried out in six tribal villages in Rajmahal range hill
in south Bihar revealed average slide positivity rate (SPR) 25.1 ranging between 9.8 and
37.8 per cent, Plasmodium falciparum was the dominant parasite which accounted 64.2
per cent of the total infections. Results of mass blood survey indicated the presence of
high percentage of asymptomatic carriers of malaria parasites in the local poputace. In
an entomological survey, 25 species of mosquitoes under five genera were collected in
20 trap nights. The average density of mosquitoes recorded was 230.6 per trap night.
Anopheles mosquitoes alone accounted 72.8 per cent of the total collection whereas
malaria vectors dnopheles maculatus, An. minimus, An. philippinensis, An. varuna and
An. annularis accounted 32.8 per cent of the total anophelines collected. Both anophetine
and culicine mosquitoes were found susceptible to DDT (4 per cent) and malathion (5
per cent) in 30 min exposure. Dissection of malaria vectors An. minimus, An. maculaius
and An. philippinensis revealed very high percentage of parity rate (77.8 per cent)
which gives a strong indication about their vectorial status in the transmission of malaria.
Poor socio-economic condition, lack of sense of hygiene worsen the situation in the
presence of asymptomatic carriers.

Keywords : Asymptomatic carrier, Malaria vector, Plasmodium falciparum, Tribals

of the state population lives in scattered vii-
INTRODUCTION lages. Geographical location, tropical climate
and poor socio-economic conditions make 1t
Malaria is one of the oldest and endemic dis- an excellent abode for occurrence and persis-
ease in Bihar, causing serious health hazards tent transmission of malaria.! Rajmahal range
mainly in the rural areas, where 90 per cent of hills in Santhal Pargana district of south
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Bihar is one of such areas endemic for ma-
larta recording number of deaths every year.
An. culicifacies, An. fluviatilis and An
stephensi have been reported as the vectors
of malaria in rural areas, foothills and urban
cities in Bihar.* High incidence of malaria has
been recorded by Medical Inspection (MI)
room of the Cantonment during 1994-97. The
slide positivity rate ranged between 11.2 and
20.5 per cent with P. falciparum constituting
more than 76.5 per cent of the total positive
cases except in 1997, when it was only 50
per cent. Indoor residual spray was regularly
carried out in the Cantonment, but no records
of spray were available in the adjoining vil-
lages (as per record of the MI room of Air
Force Station, Singhorsi).

In view of the above, epidemiological and en-

tomological studies were carried out in Raj-
mahal ranges in hills of south Bihar during
October 1998 to investigate the persistence
of malaria transmission and vectors respon-
sible for it, and the susceptibility status of vec-
tors to insecticides.

Topography

Rajmahal range of hills with the highest peak
of 1860 fi is located in southeast Bihar, cov-
ering a large area of Santhal Pargana district
bordering West Bengal. The climate is wet
tropical and the rainfall is moderate to heavy
with the intervals of sunshine. The range is cov-
ered with tall trees and dense undergrowth
interspersed with perennial streams and nallahs
forming innumerable water pockets and some

marshy Jands. The Gamani lake is the main
water reservoir of the Cantonment with grassy
margins and huge marshy land all around lo-
cated in the vicinity. It is also the perennial
source of anopheline breeding. Small sylvan
villages (hamlets) with thick vegetation mainly
inhabited by the Santhals and Adivasis are lo-
cated by the side of perennial streams/nallahs.

Socio-economic condition of villagers is poor
and the people solely depend on paddy and
jhoom cultivation. Forested terrain, tall trees,
dense undergrowth and perennial streams
maintained moderate climate throughout the
year which is congenial for rapid multiplica-
tion and longevity of malaria vectors.

MATFERIALS AND METHODS
Epidemiology

Mass blood survey was carried out in six af-
fected villages—Balami, Mudgaon, Tatpara,
Mamamore, Chabi and Singhorsi. Blood
smears (both thick and thin) were prepared,
stained with 1:10 Giemsa diluted in pH 7.2
buffer and examined under the microscope.
Epidemiological parameters such as parasite
species, SPR, Pf per cent, age and sexwise
distribution of malaria cases were analysed.

Entomology

Adult mosquitoes were collected from human
dwellings, cattlesheds and goat cabins with the
aid of six volt battery operated CDC miniature
light-traps (Communicable Disease Centre,
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USA) from dusk-to-dawn (1800-0500 hours).
Traps were hung in the middle of the room at
a height of about two metre from the ground
level. Smoking and other illuminations were
prevented during the operation of the traps.
Hand catch collection of adult mosquitoes
with the help of aspirator tube between 1800
and 2100 hours was also made. Collected mos-
quitoes were identified as per standard keys
of Chris:tophers,3 Barraud,4 Puri,5 and Wattal
and Kalra.® Mosquitoes of hand catch collec-
tion were utilised to determine the susceptibil-
ity status of malaria vectors against DDT (4
per cent) and malathion (5 per cent) as per
standard WHO procedure.7 Alive anophelines
were dissected to determine their physiological
age and sporozoite infection of salivary glands.?

RESULTS AND DISCUSSION

The examination of blood smears revealed an
average slide positivity rate (SPR) of 25.1.

INDIAN }. MALARIOL., VOL. 37, SEPTEMBER-DECEMBER 2000

The highest incidence (37.8 per cent) was re-
corded in Singhorsi followed by Balami (30.8
per cent), Mudgaon (29.4 per cent), Chabi
(19.4 per cent), Mamamore (16.8 per cent)
and the lowest (9.8 per cent) in Tatpara vil-
lage which is located in the vicinity of Airforce
Medical Inspection (MI) room. P. falciparum,
the dominant species accounted 64.8 per cent
of the total infections ranging between 40 and
100 per cent in the study villages (Table 1).
High percentage of P faiciparum has aiso
been reported from northeastern region of
India.> !

The presence of high percentage of asymp-
tomatic carriers (25.1 per cent) by detecting
malaria parasite from the population that have
no symptoms during mass blood survey in the
area act as reservoirs in transmitting the dis-
ease to the healthy persons through vector
mosquitoes as the locals are not in a habit of
using mosquito nets or any other personal pro-

Table 1. Results of mass blood survey in Rajmahal Range, Bihar

Village BSC/E (+)ve Pf SPR SR Pf %
Balami 107 33 21 308 196 63.6
Mudgaon 51 15 6 294 1.8 400
Tatpara 4 4 4 98 9.8 100
Mamamore 95 16 0 168 10.5 62.5
Chabi &7 i3 8 194 119 61.5
singhorsi 4 28 21 378 284 750
Total 435 109 70 251 16.1 64.2

BSC/E — Blood smears collected/examined.
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tection measures, thus become more vulner-
able for contacting malaria. However, detected
positive cases were given radical treatment as
per NAMP schedule to prevent further trans-
mission of the disease. Repeated infections and
non-clearance of parasites from the blood due
to under-dosage of antimalarial drugs might be
the cause of development of immunity and as-
ymptomatic carriers in the commumnity. Popu-
lation below 20 years (SPR 32.7) suffer more
than the population above 21 years (SPR
15.3) of age (Table 2). This is in conformity
with the earlier observations made by Dutta
and R.’ﬂjviri2 in north Indian districts and Das

Table 2. Incidence of malaria among different

age groups
Age group BSCE Ff Py SPR Pf%
{yrs}
<5 40 6 4 250 600
6-10 % 19 12 44 613
11-13 6l 16 7 317 696
16-20 5 10 296 625
> 21 190 19 10 153 653
Total 435 w0 3 251 642

BSC/E — Blood smears collected/examined.

Table 3. Incidence of malaria among different sex

Sex BSCE Pr Pv SPR Pfo%
Male 234 37 24 26.1 60.7
Female 201 3 13 258 68.8
Total 435 H 39 251 64.2

BSC/E — Blood smears collected/examined.

et al'! in Assam. Analysis of data revealed a
little difference in the incidence of malaria
among the male and female population indi-
cating the SPR 26.1 and 23.8 per cent re-
spectively (Table 3), which confirmed the ear-
lier observations made by Dutta and
Bhattacharyyal3 in Tirap district of Arunachal
Pradesh and Das er al.'! in Nalbari district
of Assam.

In entomological surveys, a total of 4,616
mosquitoes comprising 25 species under five
genera—Anopheles (15 spp), Culex (5 spp),
Aedes (2 spp), Armigeres (1 sp) and Man-
sonia (2 spp) were collected in 20 trap nights
(Table 4). Habitats of collection were human
dwellings, cattlesheds and goat cabins with
per trap night density of 106.8, 305.6 and
164.4 respectively. Anopheles mosquitoes
accounted to 72.8 per cent of the total col-
lection. Highest density (229.9 per trap night)
of anophelines was observed in the cattlesheds
followed by the goat cabins (112) and human
dwellings (67.5) (Table 5). Major malaria vec-
tors encountered were dnopheles maculatus
(642), An. minimus (306), An. philippinensis
(87), An. varuna (56) and An. annularis (12)
which formed 32.8 per cent of the total
anopheline collection. Highest catch of malaria
vectors were made from the cattlesheds fol-
lowed by the goat cabins and the lowest in
human dwellings which indicates the zoophilic
nature of the vector species (Table 5). Among
the culicines, Culdex vishnui group (540), was
the predominant species followed by Cx.
malayi (266}, Mansonia uniformis (108) and
Cx. gelidus (107).
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Table 4. Mosquitoes collected by CDC light-trap in Rajmahal range

Mosquito species Balami Gamani Mudgaon Mamamore Chabi
Anopheles aconitus - 1T (5.5 - 7 (35
An. annularis 5 {04 - 308 S{L7 -

An. barbirostris 15 (L7 21 (10.5) 15 (38) 21 (7.0} & (30)
An. crawfordi YN 45 (223) 35 {8.8) 49 (163} 11 {55
An. jamesi 15 {17 40 200 3% (98 2B an M {170
An. jeyporiensis 108 (120} 71 (35.5) 93 (23.3) 0 (23.3) 5 (29.5)
An. maculatus 139 (117 115 (57.5) 136 (34.0) 113 (377 119 (59.5)
An. maculatus ver. . BN - 3 (0.8) 27 (9.0} -

willmorel

An. minimus 94 (104) 181 (9C.35) 5 (1.3) 4 (L3) 22 {110}
An. philippinensis 47 (3.2 9 (9.5 5 (13) B 33 6 3.0
An. ramsayi 2% (3D 33 (26.5) 10 (2.5) i1 (37 9 (4.5
An. splendidus 169 (18.8) 226 (113.0) 160 (40.0) 146 (48.7) 80 (40.0)
An. theobaldi &6 (71.3) 59 (29.5) 106 (26.5) T (26.3) 73 (36.5)
An. vagus 27 (3.0 2 40 5 (1.3) 7 37N 18 (0.0
An. varung W 4o 4 20 4 (35 200 -

Cx. bitaeniorhynchus g (1.0} 24 (120) 20 GO0 11 3N § 4y
Cx. gelidus 16 {13 33 (163) 025 38 (127) 16 (5.0
Cx. malayi 67 (74) 52 (260) 46 (11.35) 73 (24.3) 28 (14.0}
Cx.quinguefascimtus 15 (1% - 13 (33 10 (3.3) 2 {(L0)
Crvisharui group 160 {(17.8) 85 {42.5) 108 (27.0) 126 (42.0) 61 {30.5)
Armigeres subalbatus B 26} 11 35 6 40 27 (8G) 9 {4.5)
Aedes albopictus 3 03 7 {35 308 3.0 -

Ae. pseudotaeniatus - IS - 207 -
Mansonia anmulifera 17 (L9 - 3 B3 - 7 3.5)
Ma. uniformis 43 (4.8 19 {5.5) 4 (3.5) 9 3.0 23 (11.5)
Total 1215 1081 832 876 592

Figures in parentheses indicate per trap night density of mosquitoes.
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Table 5. Density of mosquitoes in different habitats, Rajmahal range, Bihar

Mosquito species Human dwelling Cattleshed Goat cabin
Total (4 TN) Total {11 TN) Totat (5 TN)

Anopheles aconitus - 18 (1.63) -

An. annularis 3 @38 § 07N I 02)
An barbirostris 7 (18} - I (AU 5 {18)
An. crawfordi 19 @45 155 (140) 3B 06
An. jamesi T (L75) - 125 {(113) 9 (G
An. jeyporiensis 4 (133) 279 (24.5) 88 (13.6)
An. maculatus 49 {12.25) 486 (42363 127 (254)
An. maculatus var. 3 (08 ¥OR28 2 40

willmorei

An. minimus 6 40 247 (22.5) 43 (8.6)
An, philippinensis 3 Q0 2 (56 17 (34
An. ramsayi 3 Q3 £ (75.0) 2N @D
An. splendidus 46 (115} 618 (562} 117 (234)
An. theobaldi ¥ 35 204 (26T) ‘ 5 (110
An. vagus 4 (10 5 G0 16 20
An. varuna 28 2 en n @sH
Culex bitaeniorhynchus 5 (13 5 45 7 (14
Cx. gelidus 6 (L5 4 (76 17 (34)
Cx. malayi 36 (90) 182 (16.5) 48 96
Cx. guinguefasciatus 12 G0 2 (18 8 (16
Cx. vishnui group 67 (1638 36 (313 127 (254
Armigeres subalbatus 12 30 4 (4.9) 20 4D
Agdes albopictus {Skuse) - 15 (14 I {02)
Ae. pseudotaeniatus - 505 -

Mansonia annulifera 3 08 17 (L5 7 (14
Ma. uniformis 16 (@0 6 59 21 (54)
Total 426 (106.7) 3367 (306.0) §22(164.5)

Figures in parentheses indicate per trap night; TN —- Trap night.
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Table 6. Susceptibility status of mosquitoes to insecticides
Mosquito DBT (4%) Malathion {5%) Controt
species (Exposure time 30 min) (Exposure time 30 min) moxﬂtj)!ity

Exposed Dead Alive Exposed Dead Alive (
An. annularis 8 8 0 5 5 0 g
An. crawfordi 41 41 0 34 34 0 0
Ar. jamesi 33 33 0 28 28 ] 105
An. jevporiensis 46 46 4] 41 41 0 10
An. maculaius €N % b B & 0 9.1
An. minimus 30 30 D X 26 4 0
An. philippinensis 7 17 O 1] 16 0 0
An splendidus 5% 56 0 52 2 0 0
An. theobaldi 40 40 0 31 3 0 0
An. vagus 4 ) 0 0 P4 0 H
An. varuna 20 X 8 18 i8 8 {
Cx. malayi 19 [ g )] Y 0 0
Cx. vishmui group A A 0 21 21 ] ]

Banerjee and Sinha® reported An. fluviatilis
as a principal vector in foothills of Bihar while
An. culicifacies and An. stephensi play the
same role in rural and urban areas. An.
fluviatilis and An. culicifacies could not be
recorded during the survey. However, 4n
minimus, An. maculatus and An. philippinen-
sis which are the known vectors of malaria in
other states of India,'%!*1% the role of these
species in the transmission of malaria in
Rajmahal hills can not be ruled out. The
average man hour density of 4n. anmularis,

An. maculatus, An. minimus and 4n.
phitippinensis in hand catch collection was 18.
An. annularis may not be a major vector of
malaria but it has an importance as a local
vector in several localities.'®

Both anopheline and culicine mosquitoes were
found susceptible to DDT (4 per cent) and
malathion (5 per cent) in 30 min exposure
(Table 6). This indicates the usefulness of in-
door residual spray of insecticides in control-
ling mosquitoes in the vailey.
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Table 7. Parity status of vector mosquitoes in
Rajmahal range, Bihar

Mosquito Nuli- Parous % Salivary
species parous parous  gland

infection
An. minimus 15 43 76.2 -
An. maculatus 5 270 783 -
An. philippinensis 6 15 714 Not done
Total 9% 333 1776

Dissection of malaria vectors revealed high par-
ity rate (77.6 per cent) ranging between 71.4
and 78.3 per cent (Table 7) which gives a
strong indication about their vectorial status in
the transmission of the disease.!?

The water reservoir with grassy margins, marshy
land, overflow of streams, nallahs and springs
are the major sources of mosquito breeding.
Water lodged paddy fields can also be seen in
the downhill, High parity rate of vectors, the
poor socio-economic condition, the lack of
awareness about hygiene, the poor sanitation
and the prevalence of malaria in the locals might
be the prime causes of the perennial transmis-
sion of malaria in Rajmahal range, Bihar.

As the vectors are susceptible to insecticides,
indoor residual spray, active surveillance, ma-
laria awareness camp and timely antimalarial
measures can certainly improve the situation in
this area.
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Preliminary Observations on Man-mosquito
Contact in Soraipung Village of District
Dibrugarh, Assam (India)
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A longitudinal study on man-mosquito contact
was conducted during 1995-96 in a remote for-

est-fringed village—Soraipung under Tengakhat

Primary Health Centre (PHC) of District
Dibrugarh, Assam. The sociological and meteo-
rological conditions of the study area have al-
ready been described elsewhere T Dusk-to-
dawn man landing mosquito collections on a fo-
cal volunteer relaxing on a cot were carried out
inside a village hut situated at a distance of 15 m
from the forest-fringe at monthly interval from
August 1995 to August 1996 by two pairs of
collectors working in two shifts of six hours each,
using suction tube and flashlights. The collection

hut, remained unchanged throughout the study.
Hour-wise collections of mosquitoes were kept
separately and identified in the camp laboratory
next morning using the standard keys. The fre-
quency of man-mosquito contact, expressed as
mosquito landing rate (MLR) was calculated as
Williams® geometric mean.” Data of only those
months which recorded high mosquito densities
were utilised for computing the biting rhythm of
common vector species encountered during the
study.

A total of 1941 mosquitoes belonging to four
genera and 18 species were collected during 13

“Regionat Medical Research Centre, N.E. Region (ICMR), Dibrugarh-786 001, India.
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nights of collection with the mean mosquito land-
ing rate of 42.9 per person per night (Table I).
Species diversity and density of man landing
mosquitoes was maximum in the month of
September accounting for 28.4 per cent of the
total collection in 10 species.

Anopheles dirus was the predominant ano-
pheline species (99 per cent) collected. This spe-
cies is a major vector of forest malaria in many
southeast asian countries® including India (N.E.
Region).! The landing rate of this species was
high from May to October with the overall mean
landing rate of 9.4 per person per night. Biting
thythm of An. dirus, as found in the present in-
vestigation has been described elsewhere.
Briefly, the biting was minimal (7.1 per cent) i1
the T quarter (1800-2100 hours), maximum
(37.5 per cent) in the II quarter (2100-2400
hours), high (35.6 per cent) in the III quarter
(24000300 hours) and moderate (19.8 per
cent) in the IV quarter (0300-0600 hours) of
the night.

Among JE vectors, the proportions of Culex
pseudovishnui, Cx. vishnui and Cx. gelidus,
the three predominant Culex spp were 37, 7.6
and 24.5 per cent respectively, Their mean
landing rates were 11.99, 4.51 and 4.37 per
person per night respectively during the study.
Maximum number of these mosquitoes were
collected between April and September. Mem-
bers of Cx. vishnui sub group of mosquitoes
are the known vectors of Japanese encephalitis
virus (JEV). Inaddition, JEV has also been iso-
lated in different parts of India from Cx. gelidus,
Cx. fuscocephala, Cx. bitaeniorhynchus, Cx.
quinquefasciatus and Cx. whitmorei.> All these
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species were collected in low to moderate num-
bers in the present study. Indoor landing of Cx.
pseudovishnui was noted throughout the night
with a peak immediately after dusk. Subse-
quently, landing decreased gradually in the night
(Fig. 1). Maximum landing (51.6 per cent) of
this mosquito took place in the I quarter of
the night, which was significantly higher (p <
0.05) than the biting occurred in Il and TV quar-
ters and at par with Il quarter landing. In con~
trast to this, the peak indoor biting of Cx.
pseudovishnui was found between 0130 and
0330 hours in a JE affected plain village of
Assam.® Variable peak biting times of this mos-
quito were also reported from south India,’
Pakistan® and Philippines.” This behavioural
difference might perhaps be due to the
involvement of different populations of
Cx. pseudovishnui in different places and
biotypes.

1 anding activity of Cx. vishnui also started early
and continued throughout the night with gradual
decline after 2300 hours (Fig. 1). The landing
was minimal and significantly less (p <0.01) in
the IV quarter of the night while intense and al-
most equal amount of landing took place in [
and 11 quarters of the night totalling to 84 per
cent together. Further, 20002100 and 2200~
2300 hours were the peak landing hours of
this species accounting for 23.3 and 21.8 per
cent of the total landing respectively. Similar
pattern of nocturnal biting activity of Cx.
vishnui was found in other studies®!? from
Assam, However, in North Arcot district of Tamil
Nadu, a rounded unimodel biting pattern of
this species with a peak at 2300 hours was
reported.7
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Fig. 1. Indoor biting rhythm of potential JE vector mosquiioes

The landing of Cx. gelidus started subduedly
on a low note at the dusk hours. It picked up
gradually and attained the peak during 2200
2300 hours before slopping down (Fig. 1). The
maximurn (38.8 per cent) and minimum (6.0 per
cent) landing occurred in Il and IV quarters of
the night with no significant difference (p> 0.05)
in biting in different quarters.

Mansoniodes mesquitoes are the recognised
vectors of malayan filariasis in India.®'! Recent-
v, these have also been implicited in the trans-
mission of JE in view of isolation of JEV from
Mansonia annulifera in Assam, 12 and Ma.
uniformis and Ma. indiana from Kerala.? In
the present study three species—~Ma. dives,
M. uniformis and Ma. indiana were collected.

Of these, Ma. dives was the predominant spe-
cies with the landing rate of 2.01 per person per
night. Landing of Ma. dives occwred through-
out the night arythmically with pronounced land-
ing between 2400 and 0100 hours and again
between (01300 and 0400 hours (Fig. 1). The
extent of landing was almost equal (p > 0.03) in
all four quarters of the night. Sizable indoor man
landing activity of Ma. dives in upper Assam
was also reported earlier®

Ecological conditions of an area largely influ-
ence the vector density and man-vector contact
which in furn determines the epidemiology and
intensity of disease transmission. 4 Forest-
fringed areas in northeastern region are basically
ecotone zones, where due to the availability of
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large number of breeding habitats and suitabie
micro-climate throughout the year, generally high
mosquite densities and species diversity with
higher survival rate are encountered, It makes
forest-fringed areas relatively more receptive to
the mosquito-horne diseases in comparison to
deep forest or plain non-forested areas, High
prevalence of An. dirys transmitted P. falci-
parum malaria from the present study area has
been reported.! Further, Dibrugarh district is
highly endemic for JE, reporting large number
of human JE cases and deaths regularly since
1978.13 Present study recorded high degree of
man to JE vectors contact. This factor coupled
with the availability of pigs in the village and
the adjoining forest area, makes this area
further vulnerable to JE transmission which
needs regular monitoring.
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Dengue has become a serious problem in our
courttry. Forty-two outbreaks of dengue till date
in different parts of the country have been re-
ported.!* dedes aegypti, the well-known vec-
tor of dengue fever in urban areas breeds in
domestic water containers, water storage tanks,
earthen pots, desert coolers, used/unused wells,
curing tanks, old tyre dumps, discarded drums,
over head water tanks, tree holes and the

rest.>® For the control of dedes breeding in’

evaporation coolers, a trial of neem oil” and
bactoculicide!® have been carried out so asto
get instant mortality by bactoculicide and con-
tinued prolonged mortality by neem oil. In this
study, a simple method using balls made of fine
wheat flour, neem oil (4zadirachta indica) and
bactoculicide (Bacillus thuringiensis var
israelensis H-14, Bti) was used.

Forty mi of neem oil (Unjha Pharmacy, Jhanst)
and 20 g of bactoculicide with 5-8 per cent en-
dotoxin (Biotech International Ltd., Delhi) were
mixed with two kg fine wheat flour along with
1060 m! distilled water. From this formulation,
40 balls of equal weight were made, each ball
containing 30 g weight, 0.5 g Bt/ and one ml
neem oil. The prepared balls were kept for
complete drying in shade for about a week.
These balls were introduced in evaporation cool-
ers with heavy breeding of Aedes aegypti. Re-
sults of the impact as well as residual effect of
formulation balls on mosquito contro] are re-
ported in this paper.

R K. Puram, Sector 1, west block in South Dethi
was selected for the field trials. This colony has
250 evaporation coolers. A preliminary survey

aMalaria Research Centre {ICMR), 2-Nanak Enclave, Delhi-110 09, India.
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of mosquito breeding in evaporation coolers was
carried out from 12-26 July 1994 and the re-
sults showed that out of 250 coolers surveyed,
mosquito breeding was found in 200 coolers.

Forty evaporation coolers with equal dimension
{70 x 70 x 88 cm)y and (15 cm) depth of water
were selected for this study, of which 20 were
treated with one ball formulation (containing
neem oil and Brf) and 20 were held as untreated
control. Before the introduction of balls, the
average larval density of Aedes aegypti was
measured in each of the experimental and con-
trol coolers by taking five dips using a dipper of
500 mi capacity.” In each dip, number of larvae
and pupae were counted for the estimation of

INDIAN 1. MALARJOL., VOL. 37, SEPTEMBER -DECEMBER 2000

average density per dip. The impact of balls on
the larval density was observed and recorded. -
Observations were made from 29 July to 15
September 1994 regularly, at an interval of two
to five days. A proper care was taken not to
cause mortality of larvae during handling. All
the larvae found in dips were reintroduced into
the same cooler after counting and the data were
recorded. The per cent rectuction in the density
of larvae was calculated using Mulla’s formula!?
as given below:

c, T

Per centreduction= 100 — . X —— X 100

iy Gy
Where, ¢, = No. of larvae in control before
treatment; C, = No. of larvac in control after

Table 1. Impact of balls made by fine wheat flour, neem oil and bactoculicide on the control of mosquito
breeding in evaporation coolers in R.K. Puram, New Delhi

Date of Day Control Experimental % reduction
survey
Larvae  Pupae Larvae Pupae Larvae  Pupag

Pre-treatment

29764 0 19.8 21 190 2.1 00 00
Post-treatment

1894 3 179 1.6 47 0.3 726 §13
4894 6 186 08 23 03 87.1 625
$894 10 154 0.8 1.4 o1 892 875
£1.8.54 13 119 0.7 id 2.0 8§77 00
16.8.94 18 129 a6 0.6 60 5135 100
22854 24 84 09 (.6 00 926 W0
25894 28 50 03 La 0.0 702 0
30894 33 79 02 1.4 60 815 100
05994 39 48 0z 09 HY 804 100
08594 42 26 02 08 0.0 679 100
11994 46 Lo 01 il 00 00 00
15904 49 14 0.4 14 00 8.0 100
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treatment; T, = No. of larvae in experimental
(before treatment); and T, = No. of larvae in
experimental (after treatment).

The average density of larvae before treatment
{Day 0) was found to be 19 per dip in experi-
mental coolers and 19.8 in control. The aver-
age pupal density was 2.1 per dip in both con-
trol and experimental coolers in July 1994, The
results revealed that the application of neem oil
and bactoculicide balls reduced both the larval
and pupal densities compared to that of in con-
trol (untreated) coolers. In coolers treated with
the formulation, larval and pupal densities per
dip were reduced from 19 and 2.1 to 1.4 and
nil respectively up to Day 49 (Table 1). The
observations showed that coolers treated with
the formulation resulted in 90 per cent reduction
in the larval densities from Day 4 onwards tili
Day 49.

In India, evaporation coolers support heavy
breeding of dedes aegypti mosquitoes and one
such method would be sufficient to control
Aedes aegypti breeding from June to Septem-
ber.
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Malaria continues to be a public health problem
in India, though, after the implementation of
Malaria Action Programme by the Government
of India in 1995, there has been declining trend
in the incidence of malaria in the country.’ But
sporadic outbreaks still do occur in some parts
of the country. 2 In Gurgaon district of Haryana,
an outbreak of malaria was reported in 1996.
Three community blocks namely, Nuh, Feroze-
pur Jhirka and Punehana of Mewat areareported
atotal of 16,270 cases of malaria out of which
almost 50 per cent were due to P, falciparum.

In the months of Septemebr and October 1998,
four children from Mohabbatabad village who
came to Civil Hospital, Ballabgarh were found
positive for Pfon peripheral blood smear exa-
mination. Civil Hospital, Ballabgarh isa part of
the Comprehensive Rural Health Services
Project being run by the All India Institute of
Medical Sciences (AIIMS), New Delhi. Itisa

sixty-bed hospital which draws patients from
Ballabgarh and Palwal blocks of District Farida-
bad. The information was sent to the PHC Dhauj
under which this village falls, so that the neces-
sary control measures could be taken. Based
on this information on Pfcases from a single vil-
lage, an investigation was done in the village
Mohabbatabad in Faridabad district of Haryana
where an outbreak of malana occurred in 1998,

Mohabbatabad village is situated at the foothill
of the Aravali ranges about 15 km away from
the hospital and the accessibility to this area is
quite difficult, as there is no adequate transport
facilities. Three faculty members along with four
health workers and one laboratory technician
visited the village for the initial survey on 28
November. All fever cases were examined and
blood smears were prepared. As there were
many cases of fever in the cornmunity which
could not be seen on that day, it was decided to

*Comprehensive Rural Health Service Project (All India Institute of Medical Sciences), Baliabhgarh—121 004,

India,
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visit a week later. An ecological investigation into
the probable causes of the epidemic was also
done.

In nextvisit on 5 December 1998, three teams
equipped with necessary equipment and anti-
malarials for presumptive treatment reached the
village. Each team comprised of a doctor, a fabo-
ratory technician and a heaith worker. Three
places in different parts of the village were se-
lected for easy accessibility from any part of the
village. All patients who had fever during the fif-
teen days prior to the visit were clinically exam-
ined. Peripheral smears were taken by finger-
prick method from all the symptomatic cases
andl presumptive treatment was given. The smears
were taken to the laboratory at Civil Hospital,
Ballabgarh, where they were stained by JSB and
examined as per the NAMP guidelines.

Weekly follow-up visits were made to the vil-
lage for radical treatment of cases diagnosed at
the Iast visit and searching for fresh cases. This
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active surveillance continued till the outbreak was
controlted as defined by nil or one cases at the
time of visit. All patients found to be positive
for malaria were followed-up by weekly smears.
Chloroquine (10 mg/kg body wt) was given as
presumptive treatment on the first contact.
On the second contact chloroquine (15 mg/kg/
body wt) was given to be taken over two
days. Primaquine was given in doses recom-
mended under the programme for all positive
cases.

On the first preliminary visit on 28 November
1998, a total of 79 smears were made out of
which, 28 slides were positive for malariawith a
slide (falciparum) positivity rate of 35.4 per cent.
Following this, a more extensive investigation
was done. The population of the village was
estimated to be about 3200 based on ap-
proximate sizes of each mohalla, the number of
voters in the village. The number of smears
made on each visit and the results are shown in
Table 1.

Table 1. Results of malaria ontbreak investigation in village Mohabbatabad

Date No. of Pf Py  Total SPR SR
smears examined

281198 0 28 0 3 354 354
05,1298 275 13 16 % 105 58
12,1298 7 3 0 3 4238 428
19.12.98 4 I { 2 142 [A
26.12.98 5 0 ] 0 00 0.0
02.01.99 2 0 2 400 400
09.01.99 2 2 0 2 100 100

16.01.99 . 5 1 ] i 200 200
Total 392 30 17 67 17.1 127
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On the second visit, 275 slides were made from
new fever cases and 29 new cases of malaria
were detected. On subsequent weekly visits
the number of fever cases and malana cases
declined significantly. The investigation was
called off on 16 January 1999 after two months
of active surveillance as only sporadic cases
were being detected.

During the second visit, the concerned health
workers from PHC Dhauj were present. They
had been unaware of the sudden increase in fe-
ver cases. They had come to know only through
our information which was sent fo their PHC .
The village Sarpanch (village head) or other vil-
lagers did not take the initiative to inform either
the health workers posted for their village or the
Medical Officer at the PHC.

Thus, during the investigation a total of 392
slides were made in the village and a total of 67
cases of malaria were detected giving 20.9 cases
per 1000 population. There were 50 cases of
Pfand 17 cases of Pv malaria. There was no
difference in the slide positivity rate among the
two genders (Table 2).

Heavy rainfall during the monsoon season {Oc-
tober to November) has resulted in stagnation
of water in the village as the village has poor
drainage system. This facilitated mosquito
breeding which might have contributed in ma-
laria transrission.

The very high incidence rate of malaria in the
village during the study period clearly demon-
strated that there was an epidemic of malaria

INDIAN J. MALARIOL , VOL. 37, SEPTEMBER ~-DECEMBER 2000

Table 2. Age and gender distribution of
malaria cases

Parameter No. {+)ve p-value
examined
Age group (yr}
<] 2 0
1-4 35 5(14.3)
5-i4 212 39{18.9) <0000
>15 143 23 (16.0)
Sex
Male 238 L2(17.6)
0.80
Female 154 25(16.2)

Figures in parentheses indicate percentage.

during this period. There was a preponderance
of Pfcases. However, all cases responded to
chloroquine. It was also seen that a good pro-
portion of cases had only gametocytes in the
blood. This increases the risk of malaria trans-
mission. Early detection and prompt treatment
with chloroquine and primaquine resuited in
break in further transmission of malaria and
duration of the epidemic.

The epidemic occurred in a village which is ad-
jacent to the region which reported a major epi-
demic in 1996, However, despite that we found
that neither the surveillance system was work-
ing adequately nor the villagers were aware of
the problem. Thus, this epidemic raises the
issues related to the role of various agencies in
malaria control. The three irnpertant elements
in any disease surviellance are community mem-
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bers, primary level health workers and hospt-
tals.

Community has to own up its responsibility for
its own health. For its own benefit, it has to
adopt community-based approaches for malartia
control like preventing water collection, inform-
ing higher authorities in case of outbreaks.
In addition, every individual should adopt per-
sonal protective measures and seek appropri-
ate treatment in case of fever. However, in prac-
tice for various socio-culture reasons, commu-
nity members fait to take up the onus upon them-
selves. This was clearly demonstrated in
Mohabbatabad, where despite such high mor-
bidity, nothing was done for improving the drain-
age system. Despite informing repeatedly, the
villagers linked malaria to dirty drinking water
and not to collect water at different parts of
the village. This also switched the responsibil-
ity for the outbreak from them to the govern-
ment which is responsible for providing drinking
witet.

If' the active malaria surveillance is carried out
by the field workers as envisaged under the
programnme, then the workers should be able to
recognise an epidemic at an early stage, thus
avoiding morbidity and mortality . As per the
malaria action programme, if an epidemic with
P, fulciparum predominance is seen with deaths
of microscopically confirmed cases, then it indi-
cates that (1) both rounds of inseciticidal spray
was either not given or coverage was exiremely
poor or (i1} case detection and drug distribution
were not done for at least four to five months.”
In District Faridabad, only focal insecticidal
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spraying is being carried out. This is restricted
to the villages where a case of malaria has been
reported. The fatlure of active survetliance, how-
ever, needs investigation. The data from PHC
Dhauj show that the active surveillance was
above one per cent during the months of July
to October. This dropped to 0.3 per cent in
November and December during the study
year. As per reports, 21 cases of Pfand no
case of P, vivax malaria was reported for the
last six months of 1998 in the whole PHC of
Dhauy.

Hospital-based passive surveillance is the next
higher level where a vigilant system can pick up
an outbreak early. This could either be a pri-
mary or secondary level hospital. The outbreak
was not identified at the concerned PHC as the
villagers do not go to the PHC, mainly on ac-
count of inaccessibility. The secondary level
hospital at Ballabgarh is in a town where people
visit for work or for their marketing . This op-
portunity is used for availing medical services as
well. Hospital-based surveillance is a less ef-
fective system as the cases may distribute them-
selves over different private and government
hospitals. This may result in non-identification
or late identification of an epidemic, as in reality
there is little sharing of information between hos-
pitals even within the government system. Also,
there is need for a person with a public health
background at block level who can be alerted
on such occasions.

Though, this paper pertains to an outbreak of
malaria, the issues raised here are relevant to
outbreak of any communicable disease. De-
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layed recognition of an epidemic and its control
measures result in high morbidity and mortality.
If future epidemics are to be prevented, then
there is a need to strengthen the surveillance
mechanism as well as to improve communtty

participation.
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