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INTRODUCTION

The endemicity of malaria in the foothills of
Northeast India has been known for decades.
Sporadic outbreaks occur during the rainy sea-
son in certain pockets of rural and forested ar-
eas. During the transmission season, the slide
positivity rate (SPR) ranges between 35 and
46%, with 60-80% being Plasmodium falciparum
cases (Bhuyan et al, 1997; Kamal and Das,
2001). Prompt and effective treatment of all
cases is a well-accepted fundamental compo-
nent of the global strategy for malaria control.
Chloroquine resistant P. falciparum poses a ma-
jor challenge to proper treatment and manage-
ment of malaria cases. The problem becomes
further complicated when drug resistance co-
exists with vector resistance to insecticides. It
has been observed that quinine has been indis-
criminately used for the treatment of uncompli-
cated malaria due to the lack of data on the drug
sensitivities of Plasmodium falciparum in this
region. Chloroquine resistance has been re-
ported from different parts of the world and re-
sistance to quinine has been observed in Thai-
land and Vietnam (WHO,1987). In India, chloro-
quine resistance was first reported from Diphu
(Karbi Anglong District), Assam during the sev-
enties (Sehgal et al, 1973) and subsequently
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several foci have been detected in Arunachal
Pradesh, Mizoram, Nagaland and Meghalaya in
the northeastern region. (Das et al, 1979;
Pattanayak et al, 1979; Borkakati et al, 1984).

A study was planned to conduct a trial of
the sensitivity of P. falciparum  to chloroquine in
2000-2001, in four villages under Dhekiajuli PHC
of the Sonitpur District, Assam, India. The find-
ings of the investigation are being communicated
in this paper.

MATERIALS AND METHODS

Study area

District Sonitpur lies in the northern part of
Assam, sharing a border with Arunachal Pradesh
(Longitude 92º 20′E to 93º 45′E and Latitude 26º
20′N to 27º 05′N).  Four villages (Ramnathpur,
Belsiri Nonke, Nagapathar, and Missamari) with
a population of 14,511 under Dhekiajuli PHC
were selected for the study. The villages were
located on the fringe of an evergreen rain forest
in the foothills of Assam along the Arunachal
Pradesh border. A mixed population comprised
of Assamese, Nepalese, Tea garden laborers and
Bodo tribes mainly inhabit the area. Paddy culti-
vation and daily wage agricultural labor is the
prime livelihood of the village inhabitants. Tem-
perature and relative humidity range between
26.7º-29.9ºC and 66.2-87.6% in the summer
and 18.1º-26.2ºC and 73.6-82.9% in winter, re-
spectively. Total rainfall during the rainy sea-
son ranges between 1,162.8 mm and 1,803.9
mm.
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Active surveillance and mass blood surveys
were carried out in the villages to detect malaria
cases. Both thick and thin blood films were ob-
tained. Giemsa stained thick blood films were
used for parasite counts and thin blood films
were used for species identification. The num-
ber of asexual stages per 400 white blood cells
was counted and multiplied by 20 to give an
estimated count per µl of blood. A minimum
parasitemia of 500 asexual parasites per µl was
selected for the study. All complicated cases and
those with a history of taking antimalarials within
the previous fortnight were excluded. Patients
suffering from uncomplicated malaria with P.
falciparum infection were treated without hospi-
talization with a chloroquine base dose 25 mg/
kg of body weight in three divided dosages for
three days, as recommended by the WHO/
NMEP schedule. Follow-up blood samples were
collected from treated patients every seven days
for 35 days with close observation for the first 7
days, as per the WHO extended drug sensitivity
field test procedure. Patients were included in
the final assessment only if their follow-up ex-
amination had been completed to day 35. In

cases where parasitemia reappeared (recrudes-
cence) within 35 days, they were treated with a
single dose of sulfamethopyrazine I.P. 1500 mg
and pyrimethamine I.P. 75 mg (Metakelfin). The
patient took the drugs under medical supervi-
sion.

RESULTS

A total of 769 blood samples were collected
from 4 villages during the period. Out of these,
352 (45.8%) samples were positive for malaria
parasites. P. falciparum infection was detected
in 350 (99.4%) (Table 1). Altogether, 218 P.
falciparum cases were successfully followed for
35 days after treatment with chloroquine. On
completion of the trial, 181 (83%) were found to
be sensitive to chloroquine, as no clinical symp-
toms or recrudescence of the P. falciparum para-
site were observed in the blood samples of the
patients for 35 days. Tolerance to chloroquine
was observed in the parasites of 37 patients
(17%)  (Table 2). Those cases were further clas-
sified into three categories. In 9 cases, early R1
resistance occurred where the parasite reap-

Table 1
Malaria incidence among different age groups in villages under Dhekiajuli PHC of Sonitpur

district, Assam, India.

Age group BSC Positive SPR Pf Pf%

1-5 120 30 25.0 29 96.7
6-10 199 108 54.3 108 100.0
11-14 195 106 54.4 105 99.1
>15 255 108 42.4 108 100.0
Total 769 352 45.8 350 99.4

Table 2
Results of drug sensitivity trial.

Drug Pf cases Sensitive RI RII RIII

Chloroquine
25 mg/kg body wt 218 181 (83%) 29(13%) 8 (4% ) -
Metakelfin
1,500 mg +75 mg  adult 37 37 (100%) - - -
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peared between days 7 and 14. In 20 cases,
delayed RI resistance occurred in parasites be-
tween days 21 and 28. Eight cases were identi-
fied as having RII levels of resistance, where the
parasitemia decreased substantially during the
first week, but did not disappear. RIII cases (no
marginal decrease in parasitemia) were not found
in our study (Table 3). Both the RI and RII resis-
tant cases responded well to Metakelfin.

The age group of 1-5 years exhibited 100%
chloroquine sensitivity. RI level resistance was
observed in the age groups of 6-10 years, 11-
14 years, and 15 years and above in 16%, 17%,
and 13%, respectively. RII level resistance was
observed in 4% of all the groups from age 6 to
15 years and above (Table 4).

DISCUSSION

 Sehgal et al (1973) reported RI resistance
in 52.5% and RII in 22.5% of cases of P.
falciparum infections in Assam.  In another study,
Sehgal et al (1974) reported RI resistance in 24%
of cases from a group of 6 tea estates in the
Nowgong District.  Pandya et al (1990) recorded
RI, RII, and RIII resistance in 34.8%, 6.6%, and

4.8%, respectively, during 1986-1988 in 227
cases from Assam.  In our study, RI (RI early+ RI
delayed) and RII resistance were recorded only
in 13% and 4%, respectively. Similar observa-
tions by Gogoi et al (1995) were made from ad-
jacent tea estates in Tarajuli and Paneri.  In both
these studies, no RIII  chloroquine resistance was
reported, contrary to Sehgal et al (1973). The
differences in the degree of resistance may be
due to variation in the strains and/or differential
drug pressure as reported by Singh and Sukla,
(1990). Premji et al (1999), reported 57% chlo-
roquine sensitivity in children age 6 months to 5
years in the United Republic of Tanzania.  In con-
trast to this, 100% chloroquine sensitivity was
observed in children 1-5 years in our study. Re-
sistant cases (RI+RII) appeared in the groups 6-
10 years, 11-14 years and >15 years in 20, 20.8
and 17% respectively.  Singh and Sukla (1990)
observed no significant difference in resistance
between children and adults to chloroquine ad-
ministration at a tribal village in Madhya Pradesh,
and recorded 12-22% resistance. Chloroquine
resistant P. falciparum is gradually increasing,
with most of the resistance being RI (Borkakati
et al, 1984). This was confirmed by our study

Table 3
Asexual parasite count/µl of blood at different intervals.

Malaria cases Day 0 D 7 D 14 D 21 D 28 D 35 Degree of resistance

181 660-15,860 Neg Neg Neg Neg Neg Susceptible
9 1,240-20,360 Neg 540-10,280 - - - RI  Early resistance
20 9,580-17,740 Neg Neg 3,680-9,880 - - RI Delayed resistance
8 840-23,300 360-5,240 920-13,800 - - - RII Resistance

Table 4
Chloroquine sensitivity among different age groups.

Drug Age group Pf case S RI RII RIII
No (%) No (%) No (%)

Chloroquine 25 mg/kg body wt 1-5 25 25 (100) - - -
6-10 70 56 (80) 11(16) 3 (4) -

11-14 48 38 (78) 8 (17) 2 (4) -
>15 75 62(83) 10 (13) 3 (4) -

Total 218 181 (83) 29 (13) 8 (4)
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(Table 1). A previous study showed that 40% of
P. falciparum had resistance to chloroquine,
showing mostly RI resistance. The sulpha-
pyrimethamine combination drug worked well
in all those resistant cases (Dua et al 1997).
Similar observations were made in our study,
where all the resistant cases  responded well to
Metakelfin.

The high proportion of chloroquine resis-
tance and the predominance of RI resistance
indicates the immune competence of the host
population (Singh and Sukla, 1990). The admin-
istration of drugs in inadequate dosage sched-
ules, as recorded in the present study, can  en-
hance the process of natural selection for resis-
tance in those locations.

Metakelfin (sulphalene and pyrimethamine)
can be recommended as the drug of choice in
treating resistance out-patient cases in this area,
(advised by PHC medical officers).  However, this
drug must be employed judiciously as resistance
to this drug has already been reported in India
(Choudhury et al, 1987).
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