
THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 14, NO. 3,2001 139

Risk factors of malaria in the fringes of an evergreen monsoon
forest of Arunachal Pradesh

P. K. MOHAPATRA, K. NARAIN, ANIL PRAKASH, D. R. BHATTACHARYYA,
J.MAHANTA

ABSTRACT
Bdckground. The forested hilly and foothill regions of

north-east India are highly endemic for malaria and have a distinct
epidemiological pattern. Nearly half the reported cases of
malaria are from these areas. A knowledge of the risk factors in
this eco-geographic entity may be helpful in formulating a specific
control strategy. Hence, we conducted a community-based
epidemiological study in a hilly, forested terrain of Arunachal
Pradesh and examined different socio-demographic factors to
identify those predisposing to the occurrence of malaria, espe-
cially Plasmodium falciparum infection, in such areas.

Methods. Four epidemiological surveys were carried out
during 1997 in 7 villages located at the fringes of a forest (total
population: 1177) under Nompong Primary Health Centre of
Changlang district, Arunachal Pradesh. Blood slides were col-
lected randomly from the inhabitants, irrespective of their fever
status, ensuring at least 50% coverage. One hundred and thirty-
four microscopically confirmed Plasmodium falciparum cases
were identified and 536 controls were randomly selected from
the list of uninfected inhabitants. Relevant socio-demographic
information was obtained from both cases and controls. The data
were analysed by simple and multiple logistic regression using the
unconditional maximum likelihood method.

Results. Factors which were found to be strongly associated
with Plasmodium falciparum malaria on univariate analysis were
age, ethnicity, village of residence and accessibility to the nearest
health care facility. However, in multiple regression analysis,
after controlling for the effects of confounding variables, the only
risk factor identified was accessibility to the nearest health care
facility (adjusted odds rado: 4.5; 95% CI: 1.8-11.3; p < 0.000 1
for those at a distance of 2-8 km and adjusted odds ratio: 11.1;
95% CI: 4.1-30.0; p<O.OOOl for those> 8 km away).

Conclusion. Distance, particularly non-motorable dis-
tance, from the place of residence to the nearest health care
facility was a major risk factor for malaria in this hilly forested
terrain. This indicates the need for special efforts to detect
cases early and institute treatment promptly in such areas of
the north-eastern region, so as to reduce the morbidity and
mortality of malaria.
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INTRODUCTION
The north-eastern region of India comprises 7 states which record
0.2-0.25 million malaria cases annually (60%-70% Plasmodium
Jalciparum infection) accounting for 8%-12% of all the reported
cases in India.' Most of the area (except the high mountainous
regions) is endemic for malaria. The disease is unevenly distrib-
uted over the region, encompassing distinct epidemiological
patterns with varying risk factors in different eco-geographic
entities. Though malaria as an anthropo-ecosystem essentially
involves interaction between the mosquito vector, the malarial
parasite, the human host sub-system and the environment,' within
a given ecological situation there may be differences in the risk of
acquiring malaria between villages, the community or in individu-
als. Hence, knowledge of the various risk factors governing the
dynamics of malaria transmission is essential for devising an
appropriate and sustainable control strategy in an area. Nearly
45% of the land area in this region is covered by tropical evergreen
forest.' The forests and their fringe areas in north-east India are
highly endemic for malaria and contribute nearly half the total
malaria cases.' In spite of the importance of forest areas in the
epidemiology of malaria in this region, little is known about the
risk factors for the occurrence of malaria in these areas. We
attempted to identify the factors responsible for the higher preva-
lence of malaria [particularly PlasmodiumJalciparum (Pf) infec-
tion] in these areas.

SUBJECTS AND METHODS
Study area
The study was carried out in the Jairampur sector of the Nompong
Primary Health Centre of Changlang district, Arunachal Pradesh.
Jairampur is a known malaria-endemic area with a high prepon-
derance of Pf, widespread chloroquine resistance' and an annual
parasite incidence (API) of 15-50 per thousand population." The
study area is at an altitude of 305-455 m above sea level and
comprises undulating hillocks, foothills and large forests. The
occurrence of malaria is perennial, with April-October being the
main transmission period. Jairampur is a central place with a
small market, government offices and only one health facility (a
1O-bedded government dispensary manned by two qualified medi-
cal officers). In addition, a few pharmacists act as indigenous
practitioners catering to the health needs of the people. The
villages are sparsely populated and many of them are situated on
hilly slopes, poorly connected to Jairampur and accessible only by
foot. This study was conducted during 1997 in 7 villages (popu-
lation: 1177) selected randomly from a list of villages of the
region. The inhabitants belonged largely to the Tangsa aboriginal
tribe along with some Nepalese and other non-tribal migrants. A
majority of the tribal people in the study villages were engaged in
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subsistence farming (jhum cultivation on the hilly, forested slopes
and wet paddy cultivation in the low-lying relatively plain areas).
The non-tribal people were mostly government servants, small
businessmen, daily wage earners and agricultural labourers. Most
of the people (85%) sought treatment from the govemment dispen-
sary at Jairampur and only few (15%) resorted to indigenous and
traditional medicine practitioners (unpublished data, Regional
Medical Research Centre, Dibrugarh). The study area was cov-
ered by two rounds of DDT spraying in a year, according to the
guidelines laid down by the National Malaria Eradication
Programme.

Data collection
The baseline demographic survey in the study villages was carried
out between January and March 1997. Subsequently, four epide-
miological surveys (each over 7 days) were carried out in April,
June, September and December 1997. During each survey, blood
slides were collected randomly from the inhabitants of the study
villages irrespective of their fever status, and at least 50% of the
population was covered. At the same time, relevant details such as
age, sex, ethnicity, occupation and history of travelling to the
forest during the last 15 days were obtained. Information was also
obtained on the distance (motorable and non-motorable) between
the village and the Jairampur government dispensary, which was
the nearest health care facility. The slides were examined as per
the standard procedure and those found positive were given
radical treatment as per the guidelines laid down by the National
Malaria Eradication Programme (Schedule 7).

Data analysis
During the study period, 28 microscopically confirmed P. vivax
(Pv) and 134 Pf cases were detected in the 7 study villages. As Pf

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 14, NO. 3,2001

was the predominant infection in the study area, only the data of
the Pf cases were used to identify the risk factors for malaria.
Uninfected controls (n=536) were selected randomly from the list
of uninfected inhabitants using computer-generated random num-
bers. The data were analysed by univariate and multivariate
logistic regression using the unconditional maximum likelihood
technique because of the unmatched design. The risk factors
studied included ethnicity, age, sex, occupation, movement to
forest and accessibility (distance) of the nearest health care facil-
ity. The data on sex (womenef), mene l ), ethnicity (non-tribalefl,
tribal =1) and movement to the forest (absenteO, presente l) were
classified into two categories; while age «6 yearseu, 6-15
years=l; >15 yearseZ), occupation (housekeepers and unern-
ployedeu, non-agriculturale l, agriculturalez) and accessibility
were classified into three «2 km=O, 2-8 kme l and >8 km=2).
The odds ratio (OR) with 95% confidence intervals (CI) were
computed from the ~ parameters of univariate and multivariate
models. For multivariate analysis, the backward elimination pro-
cedure was employed to develop the most parsimonious model for
the risk ofPf malaria. Statistical analysis was done using MULTLR
and EPI-INFO software.

RESULTS
The epidemiological data is summarized in Table I; 2507 blood
slides were collected in the 4 surveys, of which 162 were found to
be positive for malaria. This included 28 cases of Pv and 134
(82.7%) ofPf, giving an overall slide positivity rate (SPR) of6.5%
and a slide falciparum rate (SfR) of 5.3%. The SPR and SfR in the
study villages varied from 1.9% to 12.9% and 1.1% to 12.0%,
respectively. Overall, the tribal population showed a significantly
higher SfR (6.63%) compared to non-tribals (3.03%; Chi square
13.4, p<O.OOI).Though the SfR was higher in men (6.04%) than

TABLEI. Epidemiological data of study population

Variable April 1997 June 1997 September 1997 December 1997 Total

BSE Pf SfR BSE Pf SfR BSE Pf SfR BSE Pf SfR BSE Pf SfR

Village
Prernnagar 114 0.88 153 3 1.96 125 0.80 78 0 0.00 470 5 1.06
Khamdo 151 16 10.60 93 7 7.53 not done 81 16 19.75 325 39 12.00
Samhroh not done 104 9 8.65 96 7 7.29 106 10 9.43 306 26 8.50
Kobin-Honkop 105 4 3.81 170 9 5.29 160 1 0.63 128 2 1.56 563 16 2.84
Taipong 40 3 7.50 43 0 0.00 42 2 4.76 33 1 3.03 158 6 3.80
Tengmo 95 6 6.32 121 8 6.61 123 11 8.94 105 4 3.81 444 29 6.53
Longman not done 94 5 5.32 81 4 4.94 66 4 6.06 241 13 5.39
Ethnicity
Non-tribal 142 5 3.52 302 15 4.97 262 4 1.53 186 3 l.61 892 27 3.03
Tribal 363 25 6.89 476 26 5.46 365 22 6.03 411 34 8.27 1615 107 6.63
Age group
>15 years 253 14 5.53 325 11 3.38 267 8 3.00 227 8 3.52 1072 41 3.82
6-15 years 118 8 6.78 247 14 5.67 193 9 4.66 206 15 7.28 764 46 6.02
<6 years 134 8 5.97 206 16 7.77 167 9 5.39 164 14 8.54 671 47 7.00
Gender
Men 229 15 6.55 407 23 5.65 346 17 4.91 292 22 7.53 1274 77 6.04
Women 276 15 5.43 371 18 4.85 281 9 3.20 305 15 4.92 1233 57 4.62
Occupation*
Agriculture 69 4 5.80 98 3 3.06 93 3 3.23 51 3 5.88 311 13 4.18
Non-agriculture 31 2 6.45 66 2 3.03 42 1 2.38 38 0 0.00 177 5 2.82
Housekeeper 151 9 5.96 156 6 3.85 129 4 3.10 129 4 3.10 565 23 4.07
Travel to forest
Absent 485 25 5.15 746 40 5.36 612 25 4.08 584 37 6.34 2427 127 5.23
Present 20 5 25.00 32 1 3.13 15 1 6.67 13 0 0.00 80 7 8.75

• childrenbelow15 yearsexcluded BSEbloodslidesexaminedPf Plasmodiumfalciparum SfRslidefalciparumrate
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women (4.62%), this difference was not statistically significant
(p>0.05). The SiR varied from 4.1 % to 6.2 % in different seasons
with no significant difference.

The Pf gametocyte rates in the study villages were 0.92%
(Khamdo), 0.67% (Tengmo), 0.65% (Samhroh), 0.63% (Taipong),
0.41 % (Longman), 0.18% (Kobin-Honkop) and 0% (Premnagar).

Risk factor analysis
A total of 670 subjects were included; 134 cases and 536 controls.
The age, sex, village of residence, ethnicity and other characteris-
tics are shown in Table II. Subjects> 15 years of age were protected
from malaria as compared to children <6 years (OR 0.5, 95% CI
0.3-0.8, p-D.Of). On the other hand, the gender of the person was
not a significant risk factor, although men appeared to be at a
higher risk ofPfinfection (OR 1.4, p>0.05). Tribals were twice as
likely as non-tribals (OR2.1, p-D.Ol ) to suffer from Pf malaria.
However, after controlling for accessibility in the multiple logistic
regression analysis, there was no statistically significant differ-
ence in the risk of infection between tribals and non-tribals.
Occupation was also not a predictor of Pf infection. The highest
risk of Pf malaria was found to be in Khamdo village (OR 12.7,
SiR 12%). On univariate analysis, the other factors strongly
associated with Pf malaria were age, ethnicity, village of residence
and accessibility (distance) to the nearest health care facility
(Table II).

On multivariate analysis, the final model which gave the best
fit contained three variables: accessibility to the nearest health

TABLEII. Baseline data of Plasmodium falciparum cases and
randomly selected uninfected controls with univariate logistic
regression analysis

Item Cases Control Total OR 95% CI p value

Village
Premnagar 5 101 106 1.0*
Samhroh 26 62 88 8.5 3.1-23.2 <0.001
Khamdo 39 62 101 12.7 4.8-34.0 <0.001
Kobin-Honkop 16 126 142 2.6 0.9-7.2 0.75
Taipong 6 36 42 3.4 1.0-11.7 0.056
Tengmo 29 101 130 5.8 2.2-15.6 <0.001
Longman 13 48 61 5.5 1.8-16.2 <0.001
Ethnicity
Non-tribal 27 187 214 1.0*
Tribal 107 349 456 2.1 1.3- 3.4 0.0013
Gender
Women 57 269 326 1.0*
Men 77 267 344 1.4 0.9-2.0 0.114
Travel to forest
Absent 127 516 643 1.0*
Present 7 20 27 1.4 0.6- 3.4 0.434
Age group
<6 years 47 133 180 1.0*
6-15 years 46 163 209 0.8 0.5-1.3 0.345
>15 years 41 240 281 0.5 0.3-0.8 <0.01
Occupation
Housekeepers 23 130 153 1.0*
Agriculture 13 55 68 1.3 0.6-2.8 0.448
Non-agriculture 5 50 55 0.6 0.2- 1.6 0.273
Access to health facility
<2km 5 101 106 1.0*
2-8km 90 373 463 4.9 1.9-12.3 <0.001
>8km 39 62 101 12.7 4.7-33.9 <0.001

OR odds ratio • reference category
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TABLEIII. Multivariate logistic regression analysis of risk factors
for Plasmodium falciparum malaria (final model selected
using the backward elimination procedure)

Variable Odds Ratio 95% CI p value

Age
<6 years 1.0
6-15 years 0.87 0.54-1.41 0.5683
>15 years 0.54 0.33-0.90 0.0175
Travel to forest
Absent 1.0
Present 2.25 0.86-5.90 0.0979
Access to health facility
>2km 1.0
2-8 km 4.46 1.76-11.31 <0.0001
<8km 1Ll5 4.14-30.02 <0.0001

care facility, age of the subjects and history of travelling to the
forest during the last 15 days (Table III). This model showed that
the people residing in villages located at a distance of more than
8 km from the nearest health care facility were at an 11 times
higher risk of getting Pf malaria in comparison to those residing
in villages located at a distance of less than 2 km.

DISCUSSION

Malaria is a serious problem in the forested hills and foothill
regions of north-east India. Inadequate health infrastructure, poor
road communication and favourable climatic conditions for mos-
quito breeding' are the major factors responsible for this. This
problem is further accentuated by the large-scale population
movement, presence of refractory vector species and widespread
antimalarial drug resistance.' It has been stressed that the chang-
ing epidemiological pattern of malaria in India requires a study of
the micro-epidemiology of the disease so as to undertake suitable
control measures."

In the present study area of Jairampur, many villages are
located on hilly slopes and it takes hours of walking to. reach a
motorable road or a health care facility. Such areas also have the
disadvantage of limited medical facilities' which are available
only at a central place (such as Jairampur township in the present
case). Therefore, villagers have to travel a long distance from their
residence to seek medical aid. Because of the remoteness, even
public transport facilities in these areas are limited. Other means
of transport such as taxis or autorickshaws, though available, are
expensive and can not be used by a large segment of the people.
Due to these constraints, people generally prefer to walk to the
health facility. Our study shows that the distance from the village
to the motorable road, or in most cases to the hospital, influences
the accessibility of the health facility to the villagers and acts as a

TABLEIV. Non-motorable distance from the villages to a
motorable road and motorable distance to the nearest health
seeking facility vis-a-vis village-wise slide falciparum rate

Name of village Non-motorable Motorable Slide falciparum
distance (km) distance(km) rate

Premnagar 0.25 1.0 1.06
Khamdo 5.0 7.0 12.0
Samhroh 2.5 1.0 8.50
Kobin-Honkop 1.5 3.0 2.84
Taipong 1.0 4.0 3.80
Tengmo 0.25 7.0 6.53
Longman 2.0 3.0 5.39
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risk factor for malaria (Table IV). Thus, residents of Khamdo
village, which was the farthest study village from Jairampur
township (5 km non-motorable and 7 km motorable distance), had
the highest risk of malaria (OR 12.7, SfR 12.0%). On the other
hand, Premnagar, the nearest to Jairampur township (0.25 km
non-motorable and 1km motorable distance), had the least risk of
malaria. Village Tengmo seems to be a departure from this
assumption as it had a relatively small non-motorable distance of
only 0.25 km up to the motorable road from the village, yetthe risk
of malaria was fairly high in this village (OR 5.8, SfR 6.5%). This
was because the residents of Tengmo village were forced to
commute the entire distance (7 to 8 km) from the village to
Jairampur on foot as during 1997 the bus service was virtually'
non-existent. This may be the reason for the higher risk of malaria
in this village.

The distance, perhaps, also obstructed the accessibility of the
multipurpose worker (MPW), the grassroots-level health provider
to the community under the primary health care approach. As per
the norms of the National Malaria Eradication Programme of the
Government ofIndia, each MPW is required to pay a domiciliary
visit to each household every fortnight under hislher jurisdiction
to collect blood smears from the inhabitants with fever or a history
of fever and administer presumptive treatment for malaria. In
villages with a difficult approach the frequency of visits by the
MPW tended to be less and irregular as compared with visits to
easily approachable villages in the study area (RMRC, unpub-
lished data). This resulted in an increased time lag between the
appearance of clinical symptoms of malaria and presumptive
antimalaria treatment, and also between presumptive and radical
treatment leading to an increased gametocyte reservoir, disease
transmission and morbidity due to malaria. A relatively higher
gametocyte rate ofPf in distant villages such as Khamdo, Samhroh
and Tengmo, corroborates this assumption.
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Movement to a forest has been documented to carry an in-
creased risk of acquiring malaria in Thailandv'? and elsewhere in
central India. I I In our study though people with a history of forest-
related activities suffered more frequently from malaria, the differ-
ence was not significant. This shows that active malaria transmis-
sion took place within the study villages themselves which were
located at the fringes of the forest. This study points towards the
need for special attention to early case detection and prompt
treatment in areas which are relatively far away from health care
facilities for reducing malaria morbidity in the hilly forest- fringed
areas of north-east India.
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Obituaries
Many doctors in India practise medicine in difficult areas under trying
circumstances and resist the attraction of better prospects in western coun-
tries and in the Middle East. They die without their contributions to our
country being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently
deceased colleague by a friend, student or relative. The account in about 500
to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph should
accompany the obituary.

-Editor
,.


