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Abstract.  Current available data on snake bites in Nepal are based solely on hospital statistics. This community-
based study aimed at evaluating the impact of snake bites and determining the risk factors associated with a fatal
outcome in southeastern Nepal. A total of 1,817 households, selected by a random proportionate sampling method, were
visited by trained fieldworkers in five villages. Extensive data from snake bite victims during the 14 previous months
were recorded and analyzed. One hundred forty-three snake bites including 75 bites with signs of envenoming were
reported (annual incidence = 1,162/100,000 and 604/100,000, respectively), resulting in 20 deaths (annual mortality rate
162/100,000). Characteristics of krait bites such as bites occurring inside the house, while resting, and between
midnight and 6:00 aM were all factors associated with an increased risk of death, as were an initial consultation with a
traditional healer, a long delay before transport, and a lack of available transport. An initial transfer to a specialized
treatment center and transport by motorcycle were strong protective factors. Among the 123 survivors, wounds required
dressing and surgery in 30 (24%) and 10 (8 %) victims, respectively, the mean working incapacity period was 15 days, and
the mean out-of-pocket expense was 69 U.S. dollars. Snake bite is a major but neglected public health problem in
southeastern Nepal. Public health interventions should focus on improving victims’ rapid access to anti-snake venom
serum by promoting immediate and fast transport to adequate treatment centers, particularly for bites occurring at night.

INTRODUCTION

Snake bite is a widely distributed but neglected condition.
In Asia alone, it has been estimated that four million snake
bites occur each year, of which approximately 50% are en-
venomed, resulting in 100,000 annual deaths.' The incidence
is particularly high in rural areas of warm regions where
snakes are abundant and human activities, mainly agriculture,
increase the risks of man-snake encounters.” Case fatality
rates can be high where patients do not have rapid access to
life-saving anti-snake venom serum (ASVS), a common situ-
ation in rural areas of developing countries.

In Nepal, where more than 90% of the population is en-
gaged in agricultural activities, more than 20,000 snake bites
and 1,000 deaths may occur annually according to a World
Health Organization report.> The majority of bites take place
in the Terai, the southern lowland agricultural plain border-
ing India. The Terai is characterized by a hot tropical climate
and a high density of both human and snake populations. Of
the 22 species of venomous snakes living in Nepal, several
highly venomous species of snakes are found in the Terai
including Naja naja (common cobra), Ophiophagus hannah
(king cobra), Bungarus caeruleus (common Indian krait),
Bungarus fasciatus (banded krait), and Daboia russelii (Rus-
sell’s viper, restricted to western Nepal).** Several hospital-
based epidemiologic studies conducted in the Terai showed
that most envenomed patients had signs of neurotoxicity, a
usual consequence of cobra and krait bites.’~” Reliable data
on morbidity and mortality due to snake bite in Nepal are
scarce because of the lack of community-based surveys.
Moreover, the existing reporting system of snake bite in Ne-
pal relies on hospital-based data that are likely to grossly
underestimate both the incidence and the mortality of snake
bite, as shown elsewhere. 5712

The identification of risk factors associated with a fatal
outcome of snake bite would be very helpful to better target
intervention measures. Several previous studies described
clinical and epidemiologic features of fatal elapid snake bites
but none, to our knowledge, identified true risk factors of
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death by comparing groups of victims with fatal and non-fatal
outcomes.” 51314

The objectives of this study were to assess the incidence of
snake bite in the eastern Terai, to describe its related mor-
bidity, mortality, and socioeconomic impact, and to deter-
mine the risk-factors associated with a fatal outcome.

MATERIALS AND METHODS

This community-based survey took place in December 2001
in five Village Development Committees (VDCs) totaling
78,311 people (2001 census),'® randomly selected from three
districts of the eastern region of Nepal: Chulachuli, Itahara,
Kerabari, Shivgunj, and Rajghat VDCs. The five VDCs are
situated in the vicinity of a Red Cross sub-center, exclusively
dedicated to the clinical management of victims of snake
bites, located in Damak, Jhapa District (Figure 1). Ethical
clearance was obtained from the Ethical Review Committee
of the B. P. Koirala Institute of Health Sciences, a teaching
hospital located in Dharan, Eastern Nepal.

Sample size. Given an expected annual incidence of snake
bite of 300/100,000 with a 95% confidence interval between
200/100,000 and 400/100,000, 10,000 people should be sur-
veyed, representing approximately 1,700 households.

In each VDC, households were randomly selected by a
population proportionate sampling method. Every eighth
household starting from the center of each ward (VDCs are
usually divided into nine wards each in Nepal) was surveyed
by one of the eight teams of specifically trained fieldworkers.
These teams were supervised by two senior faculty members
(SKS and NJ) of the B. P. Koirala Institute of Health Sci-
ences. The head of each household (or another senior family
member in his or her absence) was interviewed after informed
consent was obtained. The general characteristics of the
household were recorded, as well as any snake bite that had
occurred to any permanent member(s) of the household dur-
ing the 14 months prior to the survey (since the 2000 Dashain
festival, the most important and widely celebrated religious
event of the Hindu calendar in Nepal).
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FIGURE 1.

O = Damak Red Cross Health Centre.

Each victim of snake bite (or one of his or her close parents
if the victim was absent, dead, or unable to give reliable an-
swers) was interviewed using a standardized questionnaire.
Information about the victim (age, sex, education level, oc-
cupation), the snake bite (location and type of activity at the
time of bite, time of bite, site, type of snake), its management
(first-aid, treatment, transport), immediate medical and
longer-term outcome, and economic burden were recorded.
Probable envenoming was defined as the occurrence of at
least one of the following symptoms: eye ptosis, vomiting,
dyspnea. All households with a history of snake bites were
later re-visited by the principal investigator to confirm the
date of the event.

Based on the household survey, we computed the annual
incidence rate of snake bites, envenomed snake bites, and
death-related snake bites based on the number of people liv-
ing in the surveyed households for a 12-month period.

Frequencies and proportions were used to describe the
characteristics of the people with a snake bite. To identify risk
factors associated with death, odds ratios and 95% confidence
intervals (Cls) were calculated. Mean values and -tests were
used for continuous characteristics such as age. Logistic re-
gression was used to adjust for potential confounders. All
statistical tests were two-tailed, with a significance level of P
< 0.05. Statistical analyses were performed using SPSS version
11.0 (SPSS, Inc., Chicago, IL).

RESULTS

Incidence and mortality. A total of 1,817 households in-
habited by 10,550 persons (mean = 5.8 persons/household)
were visited in December 2001. The persons interviewed were
mainly males (male:female ratio = 4.2:1) and farmers (74%)
with a mean age of 45 years. A history of snake bite was
reported by 143 persons during the preceding 14 months. The
annual incidence of snake bites was thus 1,162/100,000 (95%
CI = 957/100,000-1,366/100,000). Half of the snake bites
(52%) had signs of probable envenoming, resulting in an an-
nual incidence of envenomed snake bites of 604/100,000 (95 %
CI = 461/100,000-758/100,000).

Twenty of the 143 victims had a fatal outcome, resulting in
a case-fatality rate for envenomed snake bites of 27% and an
annual mortality rate due to snake bites of 162/100,000 (95%
CI = 86/100,000-239/100,000). The vast majority (n = 16;

Maps of Nepal and the surveyed area. The villages surveyed were a, Itahara; b, Kerabari; ¢, Chulachuli; d, Shivgunj; and e, Rajghat.

80%) of all deaths occurred in the village of residence (n = 8)
or during transport to a health care center (n = 8), while only
four deaths (20%) occurred in a hospital or treatment center.

Characteristics of the 143 victims of snake bites. The vic-
tims had a mean age of 32 years and the majority were males
(60%) and literate (69%) (Table 1). Agriculture was the dom-
inant profession (44%) and 49% of the victims lived in a
kucha, a traditional hut with mud walls. Most of the snake
bites occurred during the rainy season (68%; Figure 2), out-
side the house (82%), while farming (21 %), doing other work
(32%), or walking (32%) and mostly during the day (50%) or
between 6:00 M and midnight (40%). Snakes were identified
by 61% of the victims and were most frequently reported as
cobras (58%), water snakes (24%), and common Kraits
(12%).

Determinants of fatal outcome. When compared with the
characteristics of the 123 survivors, residing in a wooden
house, being bitten inside the house, resting, and being bitten
between midnight and 6:00 aM were risk factors statistically
associated with a fatal outcome, while age, sex, village of
residence, occupation, season, and site of bite were not (Ta-
ble 1).

The presence of sign(s) of envenoming, an initial visit to a
traditional healer and a lack of available transport were all
statistically associated with an increased risk of death (Table
2). The delay before transport (hours) was significantly longer
(P = 0.004) for victims with a fatal outcome (mean = 67,
quartile = 23-60-105) than for survivors (mean = 30, quar-
tile = 10-20-35). An initial transport to the Damak Red
Cross sub-center, treatment with ASVS, and transport by mo-
torcycle were strongly associated with a decreased risk of
death. Initial transport to the Damak Red Cross sub-center
and transport by motorcycle remained significant when ad-
justed in a regression logistic model for socioeconomic factors
such as age, sex, village of residence, education level, occu-
pation, house type, and time and location of the snake bite.
None of the various first-aid methods used were associated
with improved survival.

Morbidity and socioeconomic impact. A total of 123 pa-
tients survived a snake bite. The wound at the bite site re-
quired dressing in 30 patients (24%) and surgery in 10 pa-
tients (8%). The median dressing time was 10 days (range =
1-122). A scar with deformity was observed during the survey
in eight patients (7% ) while six patients (5%) had evidence of
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TABLE 1

Characteristics of 143 patients with snake bite and relationships with
fatal outcome in Terai, Nepal

All snake bites Deaths

total = 143 total = 20
n (%) n (%) P
Mean age (years) 32 29 0.38
Sex - - 0.61
Male 86 (60) 11 (13) -
Female 57 (40) 9 (16) -
Village Development Committee - - 0.48
Chulachuli 37 (26) 7 (19) -
Ithara 41 (29) 7(17) -
Kerabari 24 (17) 3(13) -
Shivgunj 13 (9) 0 -
Rajghat 28 (20) 3(11) -
Education - - 0.38
Illiterate 45 (32) 8 (18) -
Literate 98 (69) 12 (12) -
Occupation - - 0.55
Agriculture 61 (44) 9 (15) -
Other work 12 (9) 0 -
Student 34 (25) 5(15) -
Housewife 32 (23) 5(16) -
House type - - 0.04
Kucha (mud walls) 70 (49) 9 (13) -
Tin 44 (31) 3(7) -
Wood 21 (15) 7(33) -
Other 8(6) 1(13) -
Time of the year - - 0.82
Rainy season 97 (68) 14 (14) -
Dry season 46 (32) 6 (13) -
Location at time of bite - — 0.006%
Indoors 26 (18) 8 (31) -
Resting 13 (9) 3(23) -
Active 13 (9) 5(38) -
Outdoors 117 (82) 12 (10) -
Field 67 (47) 5(7) -
Backyard 17 (12) 6(4) -
Road 20 (14) 0 -
Forest/riverside 13 (9) 1(8) -
Type of activity at time of bite - - 0.01
Walking 45 (32) 2 (4) -
Working 45 (32) 7 (16) -
Farming 30 (21) 3 (10) -
Resting 16 (11) 6(38) -
Playing 7(5) 2 (29) -
Time of bite - - 0.02
Morning (6:00 AM-11:59 AM) 30 (21) 3 (10) -
Day (noon-5:59 pm) 41 (29) 6 (15) -
Evening (6:00 pM—11:59 pMm) 57 (40) 509 -
Night (midnight-5:59 Am) 15 (11) 6 (40) -
Use of light (evening/night) 14 (23) 2(14) 0.70
Site of bite - - 0.79
Lower limb 113 (79) 15 (13) -
Upper limb 29 (20) 5(17) -
Trunk 1(1) 0 -
Snake identified 87 (61) 11 (13)  0.56
Name of snake - - 0.32
Cobra 34 (58) 9(26) -
Water snake 14 (24) 0 -
Common krait 7 (12) 1(14) -
Rat snake 2(3) 0 -
Pit viper 1(2) 0 -
Banded krait 1(2) 0

* Testing differences between the 123 survivors and the 20 subjects with a fatal outcome.
P values were measured by Pearson’s chi-square test for categorical variables and an inde-
pendent samples ¢-test for continuous variables.

+ Statistical test between indoor and outdoor categories.

a chronic wound (>6 months duration). No victims needed
amputation. The median time of bed rest and working inca-
pacity were 4 (range = 0-90) and 7 (range = 0-183) days,
respectively. The personal expenses due to the snake bite are

detailed in Table 3. Patients and their families spent a mean
of 69 U.S. dollars (SD = 100, minimum = 0, maximum =
780, quartiles = 19-38-76).

DISCUSSION

The annual incidence of all (1,162/100,000) and envenomed
(602/100,000) snake bites and the annual mortality from
snake bites (162/100,000) found in this study are the highest
reported in Asia based on a recent literature review." Annual
mortality rates up to 32/100,000 and 81/100,000 were previ-
ously found by community-based surveys in India (West Ben-
gal Province) and the Philippines, respectively.'®'! These fig-
ures indicate that snake bites are a very serious public health
problem in southeastern Nepal, perhaps on the increase.’

The high case-fatality of snake bites found in this study can
be partly explained by the highly venomous species of snakes
(cobras, kraits) predominant in this region.* Case-fatality
rates greater than 20% have been reported in Nepal among
hospitalized patients with signs of envenoming.’~’ Bites oc-
curring inside the house, while resting, and between midnight
and 6:00 amM were significantly associated with an increased
risk of death. Common kraits are known to enter houses at
night in search of food and to bite their human victims while
they are sleeping on the floor, a common sleeping habit
among Hindus in the rural Indian subcontinent.'3-16-17

The neurotoxic effects of krait or cobra venom are usually
clinically evident within the first hour after the bite, rapidly
progressing to respiratory paralysis.'® Not surprisingly, fatal
outcome was more likely when victims delayed their depar-
ture to the Damak Red Cross Health Center, the reference
treatment center for snake bites in the surveyed area. As
previously observed elsewhere, the large majority (80%) of
the victims died in their villages or during transport.® The
most common causes of delay before departure were an initial
consultation of a traditional healer and lack of available trans-
port. Moreover, since krait bites are generally painless with
little or no local skin changes, victims might not have recog-
nized the bite or might not have felt sufficiently compelled to
seek treatment immediately. Several cases of morning paraly-
sis after krait bites have been described in the literature.'”-!°
Consultation of a traditional healer is a classic cause of delay
and exposes the patient to useless or dangerous interven-
tions.”!*1%1¢ Fortunately, only 22% of the victims initially
consulted a traditional healer in our study, a much lower
percentage than found in some other snake bite—endemic ar-
eas.'??° Both the non-availability of transport and the inap-
propriateness of transport means were associated with an in-
creased risk of death. Some patients even had to be carried on
stretchers or a person’s back for several hours. Interestingly,
the use of a motorcycle, the quickest means of transport on
the simple trails linking most villages in rural Nepal, was
strongly associated with survival.

The most striking features of first-aid methods used by vil-
lagers were the quasi-universal use of tourniquets (88%) and
the total absence of use of the pressure-immobilization
method. The use of tourniquets, which can increase local
complications by increasing tissue anoxia and triggering se-
vere systemic envenoming right after their removal, is cur-
rently strongly discouraged by most experts.>?!
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FIGURE 2. Monthly distribution of the 143 snake bites in Terai, Nepal.

The consequences of snake bites among survivors are not
negligible. Approximately one-third of the patients in this
study had a wound requiring dressing or surgery (without
amputation) and scars with limb deformities (7%), and
chronic wounds (5%) were not rare. To our knowledge, the
socioeconomic consequences of snake bites had never been

TABLE 2

Risk factors associated with a fatal outcome in 143 patients with
snake bite in Terai, Nepal

Number (%) of Crude odds 95% confidence
Exposure patients exposed  ratio of death interval

Use of oral chilly 63 (44) 0.37 0.13-1.09
First aid

Tourniquet 126 (88) 0.73 0.19-2.8

Washing 32(22) 0.85 0.26-2.74

Incision 17 (12) 0.8 0.17-3.8

Mud/garlic/ashes 11 (8) -

Salt 11 (8) 0.6 0.07-4.92

Bandage 10 (7) 0.67 0.08-5.57

Sucking 5(4) -

Snake stone 5(4) 1.57 0.17-14.77

None 6(4) 6.72 0.89-50.75
Signs of envenomation

Any sign 75 (53) 31 1.06-9.06

Difficulty opening eye 68 (48) 1.77 0.68-4.63

Breathing difficulty 45 (32) 522 1.92-14.24

Vomiting 38 (27) 5.54 2.05-14.96
First place treatment

Damak Health Center 70 (49) 0.15 0.04-0.53

Traditional healer 31(22) 6.29 2.31-17.16

Health post 12 (8) 2.62 0.47-14.54
Treatment

Antivenom serum 37 (51) 0.1 0.03-0.38
Cause of delay

Transport impossible 28 (20) 4.48 1.64-12.27

Traditional healer 18 (13) 5.48 1.81-16.6

No sense of danger 10 (7) -

Patient’s ignorance 4(3) 2.11 0.21-21.3
Mode of transport

Motorcycle 60 (42) 0.06 0.01-0.44

Cycle 32(22) 211 0.76-5.84

Bus 22 (15) 1.46 0.44-4.86

Taxi 14 (10) 0.45 0.06-3.61

Carried by humans 6(4) 6.72 0.89-50.75

evaluated. Since most of the bites occurred in young adults
during the rainy season, a time of high farming activity, the
working incapacity of the victims imposed a substantial bur-
den on households. Moreover, the out-of-pocket expenses
were high among survivors, often equivalent to several
months of income in a country where 38% and 83% have
daily incomes of less than 1 and 2 U.S. dollars per day, re-
spectively.?? These socioeconomic aspects deserve to be fur-
ther evaluated prospectively in a cohort of snake bite victims
in the future.

Concerning the weaknesses of this study, its retrospective
design might have created some degree of recall bias. More-
over, because all teams of interviewers could not be super-
vised permanently, we can not exclude that some bias oc-
curred during the selection of households within villages, with
an over-sampling of households with an episode of snake bite.
Consequently, both the annual incidence and mortality of
snake bites might have been overestimated. Nevertheless, this
community-based approach allowed for a better detection of
cases than hospital-based data analysis and was conducted on
a large sample of the local population. The true impact of
snake bites in this region should be defined in the future by a
well-controlled, prospective, community-based survey.

These findings will help to design interventions aimed at
decreasing the incidence and case-fatality rate of snake bites

TABLE 3

Direct and indirect cost borne by the 123 survivors of snake bites in
Terai, Nepal (in U.S. dollars)

No. (%) of patients

reporting out-of-pocket Mean (SD) cost Total
Type of expenses expense per patient cost
Direct cost
Drug and dressings 68 (55) 42 (64) 2,856
Health worker 45 (37) 27 (50) 1,215
Transport 70 (57) 10 (10) 700
Traditional healer 11 (9) 3(2) 33
Indirect cost
Salary and hiring 91 (74) 27 (27) 2,457
Others 42 (34) 29 (62) 1,218
Total 123 (100) 69 (103) 8,479
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in this region. Health education should not only promote
measures of protection from snake bites such as wearing gum
boots while farming,? but also interventions focused on slow-
ing down the absorption of venom at the bite site and de-
creasing the time between the bite and treatment with specific
ASVS. Educating the community about the risks of domestic
bites, especially those occurring at night, and about the need
to avoid any delay before transport should be key messages.
Traditional healers should be included in such discussions. A
significant place should be given to the avoidance of ineffec-
tive or deleterious first-aid measures and to the promotion of
potentially effective ones like the pressure-immobilization
method, which can slow down the absorption of venom from
the site of the bite from elapid snakes such as cobras and
kraits.>** Rapid transport by motorcycle could well be the
most important single measure to prevent death and compli-
cations from snake bites in southeastern Nepal. Setting up a
system of volunteer motorcycle owners ready to transport
snake bite victims should be negotiated with community lead-
ers in each village. Additionally, the continuous provision by
the Nepalese Ministry of Health of life-saving ASVS, free of
cost, to a sufficient number of health centers and hospitals
with adequately trained medical staff is of crucial importance.

Snake bite is an underestimated public health problem
sharing most of the characteristics of neglected diseases such
as visceral leishmaniasis or human African trypanosomiasis.
It causes substantial mortality, morbidity, and socioeconomic
hardship to poor populations living in rural tropical areas,
where access to life-saving treatment, ASVS, remains difficult
or impossible.
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