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Abstract. Annually, about 2.7 million snakebite envenomings occur worldwide, primarily affecting those living in rural
regions. Effective treatment exists but is scarce, and traditional treatments are commonly used. To inform context-
specific policies in Kenya, this study aimed to determine the health-seeking behavior and the health, social, and economic
burden of snakebites in rural communities. Nonprobability sampling was used to survey 382 respondents from four
snakebite-endemic counties, from February to August 2020, using a structured questionnaire. Descriptive statistics, Fish-
er’s exact tests, binary logistic regressions, and Mantel-Haenszel tests were used for analysis. Life-time experience with
snakebites included 13.1% of respondents who reported being personally bitten and 37.4% who reported knowing of a
community member being bitten. Respondents reported death after a snakebite in 9.1% of bitten community members
and in 14.6% of bitten family members. Risk of snakebite was not significantly associated with sex, educational level, or
occupation. Snakebite victims were most often walking (38%) or farming (24%) when bitten. Of those bitten, 58% went
to a health facility, 30% sought traditional treatment, and 12% first went to a traditional healer before visiting a facility. Sig-
nificant differences existed inperceptionson the financial consequencesof snakebitesamong thosewhohadbeenperson-
ally bitten and those who had observed a snakebite.Most commonlymentioned preventivemeasures were wearing shoes
andcarryinga light in the dark.Community engagement, includingengagementwith traditional healers, is needed to reduce
snakebites. This should be done through education and sensitization to improve used preventive measures and effective
health-seeking behavior.

INTRODUCTION

Snakebite is a major public health problem, especially
affecting those living in developing countries. The WHO esti-
mates that each year about 5 million snakebites occur, of
which 2.7 million are envenomings.1 In sub-Saharan Africa,
up to 32,000 snakebite deaths are estimated to occur every
year, but the actual number of deaths remains unknown.2 To
draw attention to the devastating impact and to coordinate a
response, snakebitewaspronouncedaCategoryANeglected
Tropical Disease by the WHO in 2017. A year later Member
States passed a resolution at the World Health Assembly,
and in 2019 the WHO launched a global snakebite strategy
forpreventionandcontrolwith theaimof reducing themorbid-
ity and mortality due to snakebite envenoming by 50% by
2030.3,4

Despite these efforts, the health burden of snakebite, even
though preventable, is enormous, and it mainly affects the
poor. People living in rural regions, who often engage in
some type of outdoor livelihood, are most prone to being bit-
ten; estimates show that more than 95% of envenomings
and snakebite deaths in sub-Saharan Africa occur in rural
areas, especially in young, outdoor-working people and chil-
dren (playing outside).2,5,6

Simple and effective treatment of snakebite envenoming
has been around for decades. Good-quality antivenoms, if
adequately and timely administered, can effectively reverse
and cure envenoming, whereas consequences of snakebite,
when not adequately and timely treated, can be death,
disability, and psychological distress and stigmatization.2

Unfortunately, in sub-SaharanAfrica access tohealth services
in general, and to antivenomspecifically, is generally scarce in
the remote areas highly affected by snakebite, contributing to

the high death and disability rates among snakebite vic-
tims.7–11 If treatment is obtained, its costs canbecatastrophic
for householdswhen this is not coveredby health insuranceor
available for free in the public sector. In sub-Saharan Africa,
the wholesale price of one vial of antivenom ranges from
US$18 to US$200, and the average cost of a fully effective
antivenom treatment regimen is US$124.9 Also, the some-
times permanent loss of income due to disability or death
can result in additional financial hardship.2,6

To improve the situation for people bitten by snakes,
research is needed to fill the gaps in knowledge that exist in
many sub-Saharan African countries. Evidence is needed on
communities’ beliefs on snakes and snakebites, on patient
profiles and risk factors, and on health-seeking behavior and
health outcomes after a snakebite. To further explore the lived
realities of people after a snakebite, more also needs to be
known about its socio-economic consequences. Together,
such evidence provides a clear picture of the snakebite bur-
den, which is needed to create buy-in at the national level for
the development of context-specific health policies and tai-
lored community-informed educational campaigns to meet
local needs. To contribute to this evidence base, a household
survey was conducted in four counties in Kenya with a high
snakebite prevalence todetermine thehealth, social, andeco-
nomic burden of snakebites in rural communities.

MATERIALS AND METHODS

This study was designed as a quantitative cross-sectional
study, consisting of a household survey.

Study area and sampling. The study was conducted in
four snakebite prevalent Kenyan counties: Kajiado County,
KilifiCounty,KwaleCounty, andTaita TavetaCounty.12 Kenya
is divided into 47 counties, and each county is further divided
into subcounties. Kilifi, Kwale, andTaita Taveta counties are in
the coastal region, and Kajiado County is located in the
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mainland, within the Nairobi Metropolis. The four counties
share some of their borders. Venomous snakes commonly
found in all four counties include the black mamba, eastern
green mamba, red spitting cobra, James Ashe spitting cobra,
puff adder, and boomslang. The Egyptian cobra (Kajiado
County), Eastern forest cobra and yellow-bellied sea snake
(Kwale and Kilifi counties), black-necked spitting cobra (Taita
Taveta, Kwale, and Kajiado counties), and twig snake (Kilifi,
Kwale, and Taita Taveta counties) are also venomous snakes
found here.13

Ineachcounty, themediansubcounty in termsofpopulation
density was selected as the study area.14 These were Kajiado
Central, Kaloleni, Samburu, and Mwatata, respectively. The
four subcounties have a total population of 634,366 inhabi-
tants.14 To calculate the sample size, the following formula
was used:

n5
Z2Pð12PÞ

d2

where n5 sample size,Z5 level of confidence,P5 expected
prevalence or proportion, andd5margin of error.With a 95%
confidence interval, the Z value is 1.96, P is 0.5 when the
expected proportion is unknown, and d is set at 0.05.15 The
subsequent sample size was 384.
A probability sampling technique was used to gather 100

respondents per subcounty. The specific communities to be
surveyed were randomly selected by the data collectors.
They were free to choose the communities based on conve-
nience sampling as long as the communitiesmet the following
selection criteria: 1) the community consists of at least 40
households and 2) communities surveyed within the sub-
county cannot be neighboring one another. Within a commu-
nity, households were selected using systematic sampling, a
fixed interval selection method that is easy to use, is low
cost, and has relative validity.16 The first household selected
was the dwelling closest to the data collectors when arriving
in the community. If this household did not want to participate
or if no one was home, the neighboring dwelling was
approached, until a first participant was found. Thereafter,
data collectors skipped twodwellings each time after finishing
a survey. Community members included in the study had to
meet the following criteria: 1) living in the selected community,
2) aged 18 years or older, and 3) ability to give consent.

Data collection. Data were collected using a structured
questionnaire with a mix of open-ended and closed-ended
questions. Specifically, questions gathered information on
household composition; income and expenditure; occupa-
tion; personal or second-hand experience with snakebites;
social, financial, and health outcomes; snakebite cases in
the community; beliefs about snakes and snakebites; preven-
tive measures; and actual and hypothetical health-seeking
behavior after a snakebite. Thedata collection toolwaspiloted
among 10 community members in November 2019, after
whichslightalterationsweremade to improveunderstandabil-
ity of the questions.
Due to theCOVID-19 pandemic, data collection occurred in

two time periods: February–March 2020 and August 2020.
Datawerecollectedusingamobiledatacollectionapplication.
Data collection was performed by local data collectors work-
ing in pairs and supervised by one of the authors (DO). Data
collectors received a 2-day training, which included a field

test of thequestionnaire. Thesurveywasconducted inEnglish
orKiswahili,withdatacollectors translating thequestions from
English to Kiswahili and back while conducting the survey.
Questions pertaining to personal experiences with snakebite
wereonlyasked if theparticipant indicated tohavebeenbitten
by a snake. Questions about snakebite patient profiles, actual
health-seeking behavior, and health outcomes after a snake-
bite in the community were asked only if the participant had
personal experience with a snakebite or knew a family mem-
ber or community member who had been bitten by a snake.
If the respondents knewa familymember or communitymem-
ber who had been bitten, they were asked about the most
commonlyobservedpatient profiles, health-seekingbehavior,
and health outcomes after a snakebite. All participants were
asked about their beliefs on snakebites, preventivemeasures,
and their presumed health-seeking behavior if they were to be
bitten by a snakebite.

Data management and analysis. Data were regularly
uploaded to the server anddownloaded into aMicrosoft Excel
spreadsheet by the researcher and imported into Stata. Data
entries were checked for accuracy and cleaned when neces-
sary. Missing data were excluded from the analysis. Analysis
was carried out using Stata version 16. Descriptive analyses
were performed to obtain frequencies and medians. Binary
logistic regressionandMantel-Haenszel testswereperformed
to study the association between sociodemographic charac-
teristics (sex, area, county of residence, level of education,
occupation) andhaving experienced a snakebite. Twomodels
were developed: 1) a model not correcting for potential con-
founders except for the age of the respondent and 2) a multi-
variate model in which all variables, including age of the
respondent, were entered simultaneously. Associations are
represented as odds ratios with 95% confidence intervals,
and a significance level of 0.05 was used to determine statis-
tical significance. Fisher’s exact tests were performed to
investigate the association between personal versus
observed (among a family member or community member)
snakebites and perceived social outcomes, and to test the
association between personal, observed, or no experience
with snakebites and beliefs on snakes, preventive measures,
and health-seeking behavior. The significance level was again
determined at 0.05.

Ethical considerations. Ethical approval was granted by
the Amref Health Africa Ethics and Scientific Review Commit-
tee (reference number P583-2019), and permission for the
study was granted by the National Commission for Science,
Technology an Innovation (license number NACOSTI/P/20/
5492). Permission letters for the data collectionwere obtained
from the counties’Directors of Health. Before starting the sur-
vey, participants were provided with information on the aim of
the study and asked to sign an informed consent form.

COVID-19. Data collection in three counties took place
from the end of February 2020 until the beginning of March
2020. As a consequence of the COVID-19 pandemic, data in
Kwale County were collected in August 2020, only after the
lockdown measures were lifted in Kenya and such research
was allowed again. All necessary precautions to ensure the
health of the respondents and data collectors were taken dur-
ing this data collection period. These precautions included
keeping to social distancing measures, providing all data col-
lectors with face masks and hand sanitizer for themselves as
well as for the respondents, and conducting the surveys only
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throughone-on-one interviews to prevent crowding or unnec-
essary interaction. Further, Kwale County had a low incidence
of COVID-19 cases at the time the data were collected, and
data collectors adhered to the curfew measures in place dur-
ing this time period.

RESULTS

In each county, respondentswere surveyed from9 to 11dif-
ferent communities. Eight respondents refused to participate,
and 12 were not at home at the time of the survey. Respond-
ents were from Kajiado (N 5 100), Kilifi (N 5 93), Kwale (N 5

89), and Taita Taveta (N5 100) counties (Table 1). About half
(50.8%) of respondents were male, almost half of the sample
had a lower (pre-primary or primary) level of education
(45.8%), and 46.6% worked in the agricultural sector. The
median age was 39.5 (range: 18.0–88.0) years, and respond-
ents had a median monthly household income of US$78.4
(range: 4.9–2,939.2) (Supplemental Table 1).

Snakebites, health outcomes, and patient profiles. Of
the382 respondents, 50 (13.1%)hadeverbeenpersonally bit-
ten by a snake, 55 (14.4%) had a familymemberwho had ever
beenbitten, and143 (37.4%) knewa communitymemberwho
had been bitten (Supplemental Table 2). Respondents indi-
cated that in the previous 12 months, a median of 1 (range:
0–6) people hadbeenbitten in their community. Reportedper-
manent disability as a result of the snakebite ranged from
3.6% to 9.1%. A range of disabilities were mentioned, includ-
ing amputations, swelling, tissue damage, nonhealing ulcers,
and twisted limbs. Of the respondents who knew a family
member or community member who had been bitten by a
snake, 8 (14.6%) and 15 (10.5%) respondents, respectively,
indicated the person bitten had died.
Snakebitewasnot significantly associatedwith sex, county,

level of education, or occupation (Table 2). Although it was not
statistically significant, no formal education seemed to

contribute to a higher snakebite incidence, as did having an
outdoor occupation comparedwith an indoor-based occupa-
tion. The median age of people when bitten by a snake was
34.0 (range: 8.0–67.0) years. The most common activities at
the time of the bite were walking (38%) and farming (24%),
and the majority of respondents were bitten during daylight
(60%) (Table 3). No clear difference was found in dry versus
rainy season in occurrences of snakebites. The feet (48%)
and legs (36%) were the most common bite sites. In one-
third of the cases, the respondent indicated that the snake
was identified. Indicated snake types can be found in Table
3. In 20% of the cases, the snake was killed. The patient pro-
files and characteristics of the bite of those personally bitten
by a snakewere similar to those asmost commonly described
by the respondents who had observed a snakebite (Supple-
mental Table 3).

Health-seeking behavior after a snakebite. Almost 60%
of those personally bitten by a snake went to a health facility
after their bite, and12% firstwent to a traditional healer before
they went to a health facility (Table 3). Thirty percent only
sought traditional treatment. The most common traditional
treatments received were the use of a black stone or healing
plants (57%), sucking the venom from the bite (43%), and cut-
ting the bite (24%). Of those who had visited a traditional
healer, 29% went to a health facility afterward because they
were not healed. Respondents indicated that the most com-
mon reason for consultinga traditional healer after their snake-
bite was because the traditional healer was close by and the
health facility far away (90%). Another reason was that it was
cheaper than going to the health facility (35%). When the
respondents visited a health facility after the bite, in more
than 80% of the cases they went to a public facility. In 42%
of the cases, the respondents indicated they had received
antivenom at the health facility. A visit to a health facility after
a snakebite was more quickly initiated than a visit to a tradi-
tional healer (31.0 [range: 5.0–270.0] minutes versus 60.0

TABLE 1
Characteristics of the sample, total and stratified by county

Characteristics

Total (N 5 382) Kajiado (N 5 100) Kilifi (N 5 93) Kwale (N 5 89) Taita Taveta (N 5 100)

N % N % N % N % N %

Sex
Male 194 50.8 44 44.0 44 47.3 65 73.0 41 41.0
Female 188 49.2 56 56.0 49 52.7 24 27.0 59 59.0

Age (years)
18–25 46 12.0 24 24.0 7 7.5 5 5.6 10 10.0
26–35 105 27.5 39 39.0 25 26.9 21 23.6 20 20.0
36–45 91 23.8 16 16.0 27 29.0 28 31.5 20 20.0
46–55 69 18.1 12 12.0 17 18.3 16 18.0 24 24.0
56–65 46 12.0 4 4.0 15 16.1 14 15.7 13 13.0
$ 66 25 6.5 5 5.0 2 2.15 5 5.6 13 13.0

Head of household
No 159 41.6 51 51.0 41 44.1 19 21.4 48 48.0
Yes 223 58.4 49 49.0 52 55.9 70 78.7 52 52.0

Level of education*
No formal schooling 72 18.9 32 32.0 21 22.6 4 4.5 15 15.0
Lower 175 45.8 31 31.0 47 50.5 25 18.1 72 72.0
Higher 135 35.3 37 37.0 25 26.9 60 67.4 13 13.0

Occupation†
Agricultural 178 46.6 31 31.0 42 45.2 24 27.0 81 81.0
Indoor-based 108 28.3 38 38.0 31 33.3 30 33.7 9 9.0
Unemployed 83 21.7 30 30.0 17 18.3 28 31.5 8 8.0
Retired 13 3.4 1 1.0 3 3.2 7 7.9 2 2.0
*Low: pre-primary, primary; Higher: post-secondary, university.
†Agricultural: herding, farming; Indoor-based: shop/service worker, teacher, civil servant, health worker, student, small business owner.
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[range: 0.0–3,600.0] minutes, respectively) (Supplemental
Table 4).

Financial and social consequences of the snakebite.
Snakebites had an impact on people’s work life: 44% indi-
cated their ability to work was affected, 60% reported they
were not able to do the same job after the snakebite as before,
and14%stated theyhad lost their jobasaconsequenceof the
snakebite (Table 4). Their financial situationwas also affected,
with 38%notinga lossof incomeand20%declaring theywent
into debt due to the snakebite. There was a significant differ-
ence in perceptions of those who had been personally bitten
byasnakeand thosewhohadobservedasnakebite regarding
whether the snakebite caused a loss of job (P5 0.001), loss of
income (P , 0.001), or debt (P 5 0.002). Almost half of the
respondents (46%) also indicated they were unable to afford
the hospital bills for the snakebite treatment; the median
out-of-pocket cost of snakebite treatment was US$24.5
(range: 0.0–734.8) (Supplemental Table 3). Again, perceptions
on this differed among those personally bitten and those who
hadobservedasnakebite (P,0.001).Social exclusionor stig-
matization was reported by 6% of those personally bitten and
by 3.6% of those who had observed a snakebite.

Beliefs on snakes and snakebite prevention and
potential health-seeking behavior. All respondents were
asked about their beliefs on snakes, preventive measures,
and health-seeking behavior if they were to be bitten by a
snake (hypothetical scenario). The majority of respondents
(68.4%) thought snakes bitewhen you stepon themor disturb
them (Table 5).When stratifying by personal experiencewith a
snakebite, observing a snakebite among a family member or
community member, and no experience with a snakebite,
responses differed significantly between the groups for the
answer option “snakes bite when they are scared” (P 5

0.004), which wasmore often selected by those who had per-
sonally experienced a snakebite, and “don’t know” (P 5
0.015), which wasmore often selected by thosewith no expe-
rience with snakebites.
Therewasa rangeof preventivemeasuresmentionedby the

respondents, includingwearingshoes (49.5%), carryinga light
in the dark (44.7%), and ensuring no snakes can enter the

house by covering holes and openings (25.7%). Not hurting
or touching a snake wasmentioned by 23.3%of the respond-
ents, whereas its opposite measure, killing a snake, was
mentioned by 20.6%of the respondents. No significant differ-
ences in responseswere foundwhenstratifiedbasedonexpe-
rience with snakebites.
When respondents were asked about their hypothetical

health-seeking behavior after a snakebite, the majority would
use (traditional) first aid methods (52.6%) and would go to a
health facility (84.5%). Only 6.1% indicated they would go to
a traditional healer. When stratified by experiencewith snake-
bite, therewas a significant difference in the choice of going to
ahealth facility after a snakebite or notwith thosehavingexpe-
rienced a snakebite choosing the option of going to a health
facility less often than the other two groups (P 5 0.001).
When asked about the traditional first aid they would use,
using a tight bandage or tourniquets (78.5%), using a black
stone (46.5%), and cutting the bite (24.5%) were the most
commonly mentioned practices. The potential use of a black
stone if the respondent were to be bitten by a snake differed
significantly between the stratified groups (P 5 0.044). The
fact that the health facility is far away (52.8%) and care at
the health facility being expensive (34.0%) were the reasons
given why respondents would not visit a health facility if they
were to be bitten by a snake. The medicines that were most
commonly indicatedby respondents that shouldbe usedafter
a snakebite were antivenom (58.9%), antibiotics (39.1%), and
pain killers (32.3%).

DISCUSSION

This study aimed to provide a broad overview of the extent
of the problem and impact of snakebite in four snakebite-
prevalent counties in Kenya. Although it does not intend to
provide a generalizable incidence or prevalence of snakebites
in the counties, it does indicate the extent towhich these com-
munities are affected by snakebite andcanbeused as a base-
line to guide the development of policies and programs
shaped to local needs. It is especially important in the current
context where shifting priorities due to the COVID-19

TABLE 2
Associations between snakebite and sociodemographic characteristics (total population: N 5 382)

Characteristics N (total) N (bitten) % Bitten Model 1,* OR (95% CI) Model 2,† OR (95% CI)

Sex
Male 194 30 15.5 Ref Ref
Female 188 20 10.6 0.72 (0.38–1.34) 0.61 (0.30–1.24)

County
Kajiado 100 7 7.0 Ref Ref
Kilifi 93 13 14.0 1.51 (0.55–4.16) 1.59 (0.56–4.46)
Kwale 89 16 16.9 1.82 (0.67–4.93) 2.10 (0.71–6.27)
Taita Taveta 100 15 15.0 1.63 (0.61–4.37) 1.73 (0.59–5.13)

Level of education‡
No formal schooling 72 11 15.3 Ref Ref
Lower 175 27 15.4 1.14 (0.51–2.54) 0.84 (0.35–2.04)
Higher 135 12 8.9 0.67 (0.27–1.68) 0.43 (0.14–1.37)

Occupation§
Agricultural 178 27 15.3 Ref Ref
Indoor-based 108 9 7.4 0.57 (0.24–1.34) 0.75 (0.27–2.04)
Unemployed 83 10 12.1 1.08 (0.47–2.49) 1.32 (0.53–3.33)
Retired 13 5 38.5 2.13 (0.59–7.71) 2.31 (0.56–9.50)
CI5 confidence interval; OR5 odds ratio; Ref5 reference.
* Variables were entered separately into the model. The model was corrected for age of the respondent.
†All variables were entered simultaneously into themodel. The model was also corrected for age of the respondent.
‡Low: pre-primary, primary; High: vocational secondary, secondary, post-secondary, university.
§Agricultural: herding, farming; Indoor-based: shop/service worker, teacher, civil servant, health worker, student, small business owner.
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pandemic are likely to affect snakebite prevention and care on
all levels negatively. Therefore, within a rapidly changing envi-
ronment, evidence on the effects of snakebite, both past and
present, within rural communities can provide the authorities
with valuable insights to shape policies informed by realities
on the ground. This is even more necessary in the absence
of any mechanisms to collect robust data on snakebites in
communities in Kenya.
Our results show that snakebites were common in the sur-

veyedcommunities;more thanone-thirdof thesurveyedcom-
munitymembers had some experiencewith snakebites, and it
frequently led to death or disability. This study also provides
evidence of the demographic characteristics of those
affected: the median age of those bitten was 34.0 years,
with themajority aged26–45 years. Further, traditional healing
still played an important role in the treatment of snakebites in
the surveyed communities. Some of the known preventive
measures included wearing shoes and carrying a light in the
dark, although these measures were not known by all. The

most common first aid methods that would be used after a
bite, which were all ineffective practices, included the use of
tourniquets, black stones, and cutting the bite. Last, snake-
bites affect victims both socially and financially. Box 1 pro-
vides a summary of recommendations following from this
research, which are explained in more detail below.
Theageprofile found in our study is similar towhat hasbeen

found in other sub-Saharan African countries.17–21 Our sam-
ple showed no significant differences in snakebites between
sex,occupation, or level of education.Previousstudiesunder-
taken in sub-Saharan Africa found the same,17,22,23 with the
exception of one study that showed that farmers were more
likely to be bitten than those with any other occupation.20

The relatively small sample size in our study might explain
why we did not find any associations, although our results
seemed to imply that no formal education and having an out-
door occupation contributed to a higher snakebite incidence.
Other studies not testing for significance showed patterns of
higher snakebite incidence among farmers and those with a

TABLE 3
Characteristics of the snakebite and health-seeking behavior

Personally bitten (N 5 50)

Characteristics N % N %

Age when bitten (years) Care sought
0–17 7 14 Traditional treatment 15 30
18–25 9 18 Healthcare at facility 29 58
26–35 13 27 Traditional treatment and healthcare 6 12
36–45 12 25 Traditional treatment received
$ 46 8 16 Black stone 12 57

Activity at time of bite Healing plants 12 57
Walking 19 38 Suck out venom 9 43
Farming 12 24 Cut bite 5 24
Collecting firewood 5 10 Tourniquet 2 10
Herding 4 8 Wash bite 2 10
Sleeping 3 6 Burn bite 1 5
Charcoal burning 2 4 Outcome traditional treatment
Activity inside house 2 4 Fully healed 15 71
Playing 1 2 Not fully healed, went to facility 6 29
Don’t know 2 4 Reason for visiting traditional healer
Part of the day when bitten Close by, facility too far away 18 90
During daylight 30 60 Cheap, facility too expensive 7 35

In the dark 20 40 Only one who can treat snakebite 3 15
Season when bitten* No treatment available at facility 3 15

Dry season 18 36 Provides first aid 1 5
Rainy season 15 30 Sector facility visited
Don’t know 17 34 Public 28 85

Body part bitten Private 2 6
Foot 24 48 Private not-for-profit 3 9
Leg 18 36 Treatment received at facility
Arm 6 12 Antivenom 14 42
Hand 2 4 Antibiotics 12 36

Snake identified Painkillers 9 27
No 17 34 Anti-tetanus injection 8 24
Yes 17 34 Referred to another facility 6 18
Don’t know 16 32 Fluids 3 9

Type of snake† Adrenaline 2 6
Black mamba 10 59 Antihistamine 1 3
Red spitting cobra 5 29 Surgery 1 3
Egyptian cobra 1 6 Don’t know 4 12
Vine snake 1 6

What happened to snake
It slithered away 36 72
It was killed 10 20
It stayed in the same place 3 6
It was not seen 1 2
*Dry season: January, February, March, July, August, September; Rainy season: April, May, June, October, November, December.
†Type of snake as identified by the victim. Correct identification of the type of snake is therefore not certain.
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lower educational status similar to our findings.12,21,24,25 Fur-
ther, although occupation was not shown to be associated
with snakebite, this study does show snakebite victims were
most often outside, performing activities such as walking,
farming, or collecting firewood, when they were bitten by a
snake. This is in line with studies in other countries24,26 and
with one study done in Kenya.27

This study further showed that, althoughmanyof the snake-
bite victims visited a health facility after the bite, there was still
a considerable proportion that also made use of traditional
treatment, either solely or in combination with their visit to
the health facility. This has also been shown to be the case
in another study conducted in Western Kenya.27 Traditional
treatments, such as the use of a black stone, healing plants,
tourniquets, sucking the venom from the bite, or cutting the
bite, have not been proven to be effective against envenom-
ings; on the contrary, research has shown that thesemethods
can have adverse consequences because they might cause
infections or additional health problems and delay the admin-
istrationofeffective treatmentsuchasantivenom.28 These tra-
ditional treatments are also adopted as first aid bymanyof the
communitymembers: almost 80%said theywould use a tour-
niquet after a bite, and almost half would put a black stone on
the wound, indicating that sensitization efforts should focus
on teaching communities what effective first aid entails.
Further, efforts to include traditional healers in the health-
seeking pathways in Kenya might reduce the delay in snake-
bite victims receiving propermedical care after envenomings:
If traditional healers are able to provide effective andappropri-
ate first aid, after which they refer victims directly to health
facilities, serious disabilities and even deaths could be
prevented.

When snakebite victims went to a health facility, 42%
reported to have received antivenom. This finding should,
however,be interpretedcautiously. It is possible that respond-
ents’ knowledge on the specific medications administered is
uncertain, especially in emergency situations such as snake-
bites. It is further unknown whether antivenom was not pro-
vided to all the patients in our research because not all bites
were envenomings or because it was unavailable. However,
previous research conducted in Kenya showed that anti-
venom was available at only 27% of surveyed health facilities
and that unavailability andstock-outswere common.12,25 Fur-
ther, the cases in this study are only those that survived their
snakebite; snakebite victims who might have died because
there was no antivenom treatment available could not be sur-
veyed. Ensuring that effective antivenom is available at health
facilities is thus crucial. To facilitate this, snakebite should be
prioritized by the Kenyan Ministry of Health within its broader
health policy frameworks and master plans while at the same
time ensuring translation of all four pillars specified within the
WHO’s snakebite strategy.29 Further, to properly capture the
prevalenceof snakebites, existing health surveillancesystems
need to be strengthened to adequately collect, report, and
evaluate snakebite cases in both communities and health
facilities.
This study is one of the first in sub-Saharan Africa that spe-

cifically included questions on the socio-economic impact of
snakebite and showed that financial consequences are com-
mon: Many had experienced a loss of income and high hospi-
tal bills, and ability to work or do the same job afterward was
also often affected. Further, we found that, in our sample,
costs incurred for snakebite treatment were as high as
US$734.80, whereas the median monthly household income

TABLE 4
Financial and social consequences of a snakebite, personally experienced and observed

Personally bitten (N 5 50) Observed snakebite (N 5 141)

P valueN % N %

Ability to work affected by snakebite
No 27 54.0 NA NA –

Yes 22 44.0 NA NA
Don’t know 1 2.0 NA NA

Able to do same job after snakebite as before
No 30 60.0 NA NA –

Yes 17 34.0 NA NA
Don’t know 3 6.0 NA NA

Loss of job due to snakebite
No 42 84.0 99 70.2 0.001
Yes 7 14.0 10 7.1
Don’t know 1 2.0 32 22.7

Loss of income due to snakebite
No 29 58.0 100 70.9 , 0.001
Yes 19 38.0 17 12.1
Don’t know 2 4.0 24 17.0

Debt due to snakebite
No 38 76.0 93 66.0 0.002
Yes 10 20.0 14 9.9
Don’t know 2 4.0 34 24.1

Unable to afford hospital bills for snakebite treatment
No 26 52.0 93 66.4 , 0.001
Yes 23 46.0 16 11.4
Don’t know 1 2.0 31 22.1

Socially excluded or stigmatized because of snakebite
No 45 90.0 114 80.9 0.063
Yes 3 6.0 5 3.6
Don’t know 2 4.0 22 15.6
NA5 not applicable.
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wasUS$78.40. Such findings have also been reported inBan-
gladesh, India, and Sri Lanka.30–32 This research is also the
first to ask community members who had only observed a
snakebite but who had not experienced it personally about
the socio-economic consequences of snakebite. Interest-
ingly, they gave lower estimates of the financial impact of
snakebiteson thosebitten.Thisfindingmightnotbesurprising
because financial difficulties are seen as a personal problem
and therefore might not be shared openly with others. It is
also possible that others might underestimate the impact
snakebite has had on victims because the impact of diseases
is generally underestimated by outsiders, especially if the dis-
ease is stigmatized or not prioritized within a health system.
These findings underscore the considerable financial impact
snakebite has, which is not only felt by the victims but also
by their families because income and jobs are regularly lost.
Combined with the patient profile outlined in this study, our
findings confirm that the impact of snakebite is felt strongly
by those who might already be struggling to support them-
selves and their dependents. Efforts should focus on reducing
snakebite incidences. For those that do occur, decreasing the
financial and health burden for victims by ensuring adequate
treatment, including antivenom, is available at the nearest
public health facilities, where treatment is offered for free to
the patient, is paramount. This will directly affect the financial
burden because the victim will not need to pay for their

treatment out-of-pocket and indirectly because ensuring
proper treatment is available will diminish the chance of
long-term disability or death. In the future, in-depth studies
on the socio-economic consequences of snakebites, includ-
ing the impact on victims’ and their families’ mental health,
should be undertaken to enable full understanding of the
long-term impact of snakebite.
More than 80% of the snakebite victims in our sample were

bitten in the foot or leg, underscoring how wearing closed
shoes or boots might help prevent a large proportion of the
snakebites. A study conducted in coastal Kenya showed
that less than 50% of the population wears shoes.33 Commu-
nity sensitization should focus on this specifically because, in
line with those findings, only half of respondents indicated the
wearing of shoes as a preventive measure. This study also
showed that knowledge on recommended preventive meas-
ures in general has room for improvement and should be cov-
ered in sensitization efforts because none of the effective
measures was mentioned by a majority of the respondents,
whereas incorrect measures (e.g., killing snakes when you
see them) were indicated, and other effective measures
(e.g., using mosquito nets to prevent snakes from entering
your bed) were not mentioned at all.34

Strengthsand limitations.Although this is thefirst study in
Kenya to quantitatively research the burden of snakebite in
rural communities, some limitations to this study should be

TABLE 5
Beliefs on snakes and snakebite prevention, and hypothetical health-seeking behavior if a snakebite occurred, stratified per snakebite experience

Beliefs

Total (N 5 382) Personal snakebite (N 5 51) Observed snakebite (N 5 141) No experience (N 5 191)

P valueN % N % N % N %

Reasons why snakes bite
Hungry 11 2.9 1 2.0 4 2.8 6 3.2 1.000
Scared 61 16.1 15 30.6 25 17.7 21 11.1 0.004
Stepped on/disturbed 260 68.4 32 65.3 98 69.5 130 68.4 0.851
Animals in house 30 7.9 5 10.2 11 7.8 14 7.4 0.774
Accident 9 2.4 2 4.1 3 2.1 4 2.4 0.651
Sent by bad spirits 37 9.7 2 4.1 15 10.6 20 10.5 0.388
Sent by somebody to harm 39 10.3 8 16.3 15 10.6 16 8.4 0.238
No reason 23 6.1 2 4.1 12 8.5 9 4.7 0.336
Don’t know 44 11.6 4 8.2 9 6.4 31 16.3 0.015

Preventive measures
Wear shoes 187 49.5 25 51.0 66 47.1 96 50.8 0.797
Carry a light in the dark 169 44.7 23 46.9 54 38.6 92 48.7 0.179
Ensure no snake can enter house 97 25.7 11 22.5 38 27.1 48 25.4 0.821
Do not hurt or touch snakes 88 23.3 14 28.6 31 22.1 43 22.8 0.636
Kill snake 78 20.6 7 14.3 27 19.3 44 23.2 0.364
Preventive herbs around house 55 14.6 7 14.3 21 15.0 27 14.3 0.979
No animals in house 49 13.0 5 10.2 22 15.7 22 11.6 0.489
Preventive spray around house 49 13.0 5 10.2 16 11.4 28 14.8 0.607
Clear bushes around house 30 7.9 2 4.1 7 5.0 21 11.1 0.092
Don’t know 8 2.1 2 4.1 4 2.9 2 1.1 0.221

Type of care after bite
Traditional healer 23 6.1 6 12.2 7 5.0 10 5.3 0.185
First aid 200 52.6 23 46.9 81 57.5 96 50.5 0.315
Community health worker 71 18.7 9 18.4 23 16.3 39 20.5 0.620
Health facility 321 84.5 33 67.4 115 81.6 173 91.1 0.001

First aid after bite*
Tourniquet 157 78.5 17 73.9 59 72.8 81 84.4 0.141
Black stone 93 46.5 12 52.2 29 35.8 52 54.2 0.044
Cut the bite 49 24.5 3 13.0 23 28.4 23 24.0 0.329
Wash the bite 16 8.0 0 0.0 7 8.6 9 9.4 0.397
Pain killers 13 6.5 1 4.4 5 6.2 7 7.3 1.000
Antibiotics 11 5.5 1 4.4 3 3.7 7 7.3 0.624
*Only asked if respondent indicated they would use first aid after a snakebite.
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noted. First, recall bias of snakebite victims might have
played a role in our study because we asked about lifetime
experience with snakebite, and not just about, for example,
snakebites in the previous year. Nevertheless, snakebites
are often experienced as being traumatic, which we believe
allows for better knowledge retainment of the event than for
events that happen in everyday life. Second, our study might
be affected by its sample size, specifically the sample of
those personally bitten, which limited the strength of the
association analyses. Increasing the sample size and using
cluster sampling is suggested for future research to estab-
lish the effects found in this research with more certainty.
Third, no questions about the patient profiles or health-
seeking behavior of snakebite victims who had died were
asked. As a consequence, we might have missed informa-
tion about the most severe cases that occurred in the com-
munity. It is therefore also possible that the snakebite prob-
lem is even bigger than illustrated in our research. This might
be researched in the future through interviews with the vic-
tims’ relatives. Related, despite ongoing concerns on the
availability of certain antivenom products that may lack effi-
cacy in Kenya, we were unable to identify what antivenom
products were administered to the patients in our sample
and the performance of those products on the patient out-
comes. This could be researched in the future, making use
of patient medical records that comprehensively document
snakebite cases, including treatment efficacy and patient
outcomes. Fifth, respondents were asked about their occu-
pation at the time of the survey but were not asked about
their occupation at the time of the bite. This might have
led to a distortion in the relationship between occupation
and snakebite. Nevertheless, this study provides a useful,
first indication of the extent to which Kenyan communities
are affected by snakebite and highlights the gaps in knowl-
edge on prevention strategies and proper first-aid methods.
This study can be used as a baseline to guide the develop-
ment of context-specific programs, targeting these knowl-
edge gaps.

CONCLUSIONS

This study conducted in four snakebite-endemic counties in
Kenya showed that snakebites are a common occurrence in
rural communities, leading to death and disability. The major-
ity of snakebite victims were 26–45 years of age and were
often walking or farming when the bite occurred. Traditional
healing still plays an important role in the treatment of snake-
bites in Kenya, and snakebites have a considerable impact on
victims, both socially andfinancially. To reduce this burden felt
by rural communities, a multipronged approach is needed,
consisting of on the one hand community engagement,
includingengagementwith traditional healers, througheduca-
tion and sensitization efforts to improve used preventive
measures and effective health-seeking behavior. On the other
hand, health systemstrengthening isneededsosnakebite vic-
tims who present to health facilities can be quickly and ade-
quately treated with appropriate antivenom and supportive
care that is affordable to them. For this, the government needs
to adopt policies and programs financed to ensure healthcare
workers are adequately trained, antivenom and supportive
treatments are supplied, cases are recorded, and communi-
ties are fully engaged.

BOX 1
Recommendations to reduce the burden of snakebite in rural Ken-

yan communities

� Community sensitization on effective preventivemeasures and
first-aid practices to reduce snakebite incidences and the use
of ineffective practices.

� Include traditional healers as first-responders in health-
seeking pathways as first aid providers and for referrals to
health facilities.

� Ensure availability of free, effective antivenom and supportive
treatment at health facilities.

� Strengthen existing health surveillance systems to adequately
collect, report and evaluate snakebite cases in communities
and health facilities.

� Undertake frequent qualitative research to capture the broader
societal and economic impacts on snakebite-affected victims,
families, and communities.

� Identify and address the holistic needs of snakebite victims
with disabilities through the development of community-led
and community-based projects and services.

� Ensure snakebite is prioritized by the KenyanMinistry of Health
within broader health policy frameworks and master plans
while ensuring translation of all four pillars specified within the
WHO’s snakebite strategy.
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