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Abstract

Background

The estimated five million snakebites per year are an important health problem that mainly

affect rural poor populations. The global goal is to halve both mortality and morbidity from

this neglected tropical disease by 2030. Data on snakebite morbidity are sparse and mainly

obtained from hospital records.

Methods

This community-based study was conducted among 379 rural residents with or without a

history of snakebite in the Ashanti and Upper West regions of Ghana. All participants in the

snakebite group were bitten at least six months before the day of survey. The World Health

Organisation Disability Assessment Schedule 2.0 (WHODAS 2.0) and the Buruli Ulcer

Functional Limitation Score were used to obtain patient-reported measure of functioning

and disability. Long-term consequences were evaluated based on the severity of the symp-

toms at the time of the snakebite.

Findings

The median (IQR) time since the snakebite was 8.0 (3.5–16.5) years. The relative risk of dis-

ability was 1.54 (95% CI, 1.17–2.03) in the snakebite group compared to the community

controls. Among patients with clinical symptoms suggesting envenoming at the time of bite,

35% had mild/moderate disabilities compared to 20% in the control group. The disability
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domains mainly affected by snakebite envenoming were cognition level, mobility, life activi-

ties and participation in society. A combination of the severity of symptoms at the time of the

bite, age, gender and region of residence most accurately predicted the odds of having func-

tional limitations and disabilities.

Conclusion

The burden of snakebite in the community includes long-term disabilities of mild to moderate

severity, which need to be considered when designing appropriate public health interven-

tions. Estimating the total burden of snakebite is complicated by geographic differences in

types of snakes and their clinical manifestations.

Author summary

Snakebite is a neglected tropical disease of public health concern. The majority of cases

occur in tropical rural regions where access to adequate medical interventions is limited.

The outcome of these bites may cause a range of manifestations, varying from local lesions

to life threatening effects and death. Available estimates of snakebite burden are often

based on severe complications such as death and amputations and are limited to health

facility-based evaluations. We conducted a community-based study to identify the long-

term consequences of snakebite by comparing participants with or without a history of

snakebite in two regions in Ghana. A history of snakebite was associated with the chance

of having disabilities. Combining community estimates of mild to moderate complica-

tions with data on severe complications from the health system level provides a more

comprehensive overview of the overall snakebite burden. The incorporation of mental

health and rehabilitation interventions into integrated neglected tropical diseases (NTD)

programmes can reduce the risk of disabilities and improve the wellbeing of snakebite

and other NTD patients.

Introduction

Despite the recent recognition and renewed commitment by the global neglected tropical dis-

eases (NTD) community, snakebite continues to afflict millions annually [1–5]. The risk of

human-snake conflict is highest in poor rural regions in the tropics due to the overlapping

habitat and the predominantly high degree of labour-intensive agrarian economic activities

prevailing in these regions [6, 7]. Of the over 3,000 species of snakes known globally, more

than 600 belonging to the families of Viperidae, Elapidae and Atractaspidae are venomous [7,

8]. Based on publications on the epidemiology and clinical manifestations of snakebites, the

medically important snake species in Ghana include the West African carpet viper (Echis ocel-
latus), Puff adder (Bitis arietans), Black-necked spitting cobra (Naja nigricollis), West African

green mamba (Dendroaspis viridis) and Causus species such as the night adder and the spotted

night adder [9, 10]. Effects of the bites from these snakes can vary from local lesions to life

threatening effects and death [11–15]. In Sub-Sahara Africa, snakebite envenoming is esti-

mated to cause over 7,300 deaths and up to 14,600 amputations annually [16]. Based on

national health system records, the incidence of snakebite in Ghana is estimated at 35/100,000

persons per year while a community-based prevalence of having a history of snakebite was
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estimated to be 6% with a case fatality rate of 3% in northern Ghana [9]. At the health facility

level, an 11% case fatality rate was reported in a pre-intervention study at a rural health facility

in the central part of the country [17]. Complications such as haematoma, impairment and

even loss of vision, intracerebral haemorrhage, compartment syndrome and amputation have

been reported as some of the acute consequences of snakebite envenoming in Ghana [18–20].

Appropriate healthcare seeking behaviour and adequate health staff competence in diagnosis

and management protocol compliance have however proven to significantly reduce the mor-

tality rate snakebite [17].

Generally, the long-term functional limitations and disabilities of snakebite have received

little attention [12, 21–23]. In Ghana, the disability adjusted life years (DALY) caused by

snakebite, calculated as the number of snakebite envenoming related deaths and the years of

life lived with amputations with a disability weight of 0.13, was estimated at 22,243 [20]. All of

the sparsely available data on the long-term consequences of snakebite is health facility-based

despite evidence of a significant proportion of victims never reporting to health facilities [24–

26]. In many rural communities, snakebites have varying connotations arising from spiritual/

mythical or natural interpretations [26]. These implications, along with financial constraints

and lack of availability and access to antivenoms influence decisions on the first point-of-care.

These perceptions and constraints contribute to the acute outcomes registered in health facili-

ties, while the outcomes and consequences for those who do not visit any health facility remain

unaccounted for.

To better comprehend the burden of snakebites on rural communities in Ghana, we looked

at functional limitations and disabilities in community members with and without a history of

snakebite. We described the relative risk of functional limitations and disabilities and the fac-

tors best predicting these long-term consequences. Furthermore, the type of limitations and

their severity were evaluated based on the likelihood of envenoming deduced from the symp-

toms after the bite.

Methods

Ethics statement

Permission to conduct the study was obtained from the Regional Health Directorate of the

Upper West Region, with the Ghana Health Service Ethics Review Committee and the Medical

Ethical Committee of the University Medical Centre Groningen, The Netherlands

(GHS-ERC010/03/20, NL-LTc201900047) providing ethical approvals. Signed or thumb

printed informed consent was obtained from all participants after the content of the informa-

tion sheet and consent forms were read and translated into Dagaare, Waale or Twi depending

on the preferred language of the participant. Assent was obtained from children and consent

from their parents or guardians before their inclusion in the study. The community health vol-

unteers acted as witnesses in the consent processes.

Study population and sampling

Data for this cross-sectional cohort study was collected in the Ashanti and the Upper West

regions of Ghana in March 2020 and March 2021, respectively. The timing of the data collec-

tion was influenced by COVID-19 travel restriction. Based on national health facility-reported

data on snakebite from 2015 to 2019, the Ashanti and Upper West regions reported the highest

annual case records of snakebite in the country. These two regions are located at different

parts of the country and have distinct climate and socioeconomic characteristics (Fig 1).

According to the 2021 Population and Housing Census (PHC), the Ashanti region and the

Upper West regions have a population of 5,432,485 and 904,695 respectively [27].
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We visited the Wa Municipal Hospital in the Upper West region and the Agogo Presbyte-

rian Hospital in the Ashanti region; both of which are among the highest health facilities

reporting snakebite cases to the national surveillance system. From the snakebite records of

these hospitals we selected five high reporting communities in the catchment of each hospital.

Sampling in the Ashanti region was however affected by the COVID-19 restrictions. Data col-

lection was carried out by an experienced team of researchers including health workers. The

Fig 1. A map of Ghana showing the study regions (ArcGIS software version 10.8.1, ESRI Inc., Redlands, CA, U.S.

A).

https://doi.org/10.1371/journal.pntd.0010322.g001
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team was trained on the data collection tools and were provided with visual aids to support in

the identification of snake species. With support from community health volunteers, we used a

snowball sampling approach to identify all individuals with a history of snakebite in these

closely knit communities. To ensure the detection of long-term consequences after snakebite,

only victims whose snakebite incident occurred at least six months before the day of survey

were eligible for inclusion. Due to the nature of the questionnaire and reliance on patient his-

tory, children below 10 years of age and participants who could not recall and narrate the

snakebite incident were excluded. Control subjects from the community without a history of

snakebite were recruited using random sampling from households in the same communities.

We randomly selected these control subjects from households by picking a direction from a

bag containing all the 16 cardinal directions inscribed on separate pieces of paper. Control

subjects were matched to victims by the communities and by an age interval of 10 years.

Assuming an alpha value of 0.05, a study power of 80%, an estimated functional limitation and

disability prevalence of 3% based on data collected during the 2010 PHC in the general popula-

tion [28], we aimed to include a minimum of 183 participants in each group to detect a four-

fold higher prevalence of disabilities in the snakebite victims than in the control group.

Participant assessment and questionnaires

Sociodemographic data such as age, sex, occupation, education and general medical history

were collected to describe the structure and social characteristics of the study population. Data

on participant reported long-term impairment, sequela and impaired joint function were col-

lected to assess disability. Characteristics such as number of bites experienced, location of the

bite, symptoms of envenoming, species of snake responsible for the bite identified using vic-

tims’ description and visual aids, and the type of medical care received were recorded.

Participants were assigned into three different groups. Snakebite envenoming (SBE)—

participants who reported multiple clinical symptoms (redness, swelling around the bite site,

haematoma and bleeding for more than an hour) were classified as snakebite envenoming

Snakebite (SB)—participants who reported no symptoms at all or only localised redness or

swelling, possibly as a result of dry bites or bites by non-venomous snakes

Controls–participants without any history of snakebite. This approach limited mistaking

trauma triggered responses as symptoms of envenoming [29].

The World Health Organisation Disability Assessment Schedule (WHODAS 2.0) was used to

obtain a patient-reported measure of functioning and disability. WHODAS 2.0 has been used

cross-culturally and across different diseases and disease-related states. The questionnaire has six

domains (cognition, mobility, self-care, relationships, life activities and participation in society)

with a five-point Likert-scale response for each item. We used the 12+24-item version and the

item-response-theory based scoring method, which takes into account multiple levels of difficulty

for each item for scoring [30]. The domain and general disability scores were transformed into a

metric ranging from zero to 100 using the SPSS syntax for automatic computation provided in

the manual. A score of zero indicates no disability and a higher score indicates more disability.

Comparison with other recognized disability measurement instruments has shown a good con-

current validity in patient classification; conformity to Rasch scaling properties across popula-

tions, and good responsiveness [31]. In assessing the severity of disability, the WHODAS 2.0

output were categorised into the International Classification of Functioning, Disability and

Health (ICF) disability categories: no disability (0–4%), mild disability (5–24%), moderate disabil-

ity (25–49%), severe disability (50–95%) and extreme disability (96–100%). The instrument has

been used in over 27 areas of research in over 94 countries and has been described as a generally

valid and reliable instrument for assessing various forms of disability [30–35].
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We used the Buruli Ulcer Functional Limitation Score (BUFLS) to further characterise the

type of functional limitations. Even though the BUFLS was developed to assess functional limi-

tations in Buruli Ulcer patients, we evaluate its validity and applicability in snakebite patients

by comparing its outcome to that of the WHODAS 2.0. The 19-item BUFLS questionnaire has

been used in countries in West Africa. Its validity has been established by correlations with

range of motion and the global impression of functional limitation scale [36]. The 19-item

BUFLS questionnaire could provide more details on the type of activities limited. The ques-

tionnaire is categorised into food preparation, personal care, daily work activities and mobility

domains. The response to each item was scored using an ordinal scale. If the activity could be

performed without difficulties and on a level comparable to other community members of the

same sex and age, zero points were allotted. An activity that could be performed but with diffi-

culties was graded with one point and activities that could not be performed at all were marked

with two points. If the item was not valid for the respondent, e.g., the person was too young or

old, the item was scored as ‘not applicable’ [36, 37]. To calculate the functional limitation

score, the sum of the scores was divided by the maximal score applicable for the participant

and multiplied by 100. The final score ranged from zero to 100 where a zero meant no limita-

tion and higher scores indicated maximum functional limitation. The functional limitation

score was not calculated for those with more than six items of the questionnaire not being

applicable.

Data analysis

The data was collected in REDCap and analysed using IBM SPSS Statistics for Windows ver-

sion 26. Descriptive statistics were used to describe the demographic characteristics and partic-

ipant functional limitations. Relative risk (RR) at 95% confidence intervals (CI) were

calculated to estimate the effect size of snakebite-induced disabilities. We conducted a dichoto-

mous logistic regression analysis with manual backward selection based on P-values less than

0.05 to identify the set of variables that best predicted functional limitations and disabilities.

Gender, region, level of education, occupation and severity of the bite were marked as categor-

ical covariates. All these variables, but severity of the bite, have been identified in literature as

major predisposing factors of snakebite. We assessed the variance of the model using Nagelk-

erke R squared and determined the goodness-of-fit by the Hosmer-Lemeshow test.

Results

A total of 379 participants with a median age of 37 (26–53) were included as snakebite victims

or community controls. The median years since the snakebite event was 8.0 (3.5–16.5). Snake-

bite victims accounted for 193 (50.9%) of the participants with females making up for 198

(52.2%) of the total participants recruited (Table 1). Over 80% of the study participants in each

group were recruited in the Upper West region, partially as a consequence of COVID-19 travel

restrictions. The level of education differed between the two groups. In the control group,

more participants had attained secondary or tertiary level education. The distribution of the

type of occupation was similar in both groups.

Out of the 193 snakebite victims, 161 (83.4%) had experienced one and 32 (16.6%) had

experienced two or more snakebites. A total of 125 (64.8%) of the 193 victims saw the snake

responsible for the bite. Out of this group, 61 (48.8%) described it as Echis ocellatus, 24 (19.2%)

as Naja nigricollis and 11 (8.8%) as Bitis arietans. One person described a Naja species and

another Dendroaspis viridis. A total of 19 (15.2%) participants attributed the bite to snakes

known to be non-venomous and 8 (6.4%) could not adequately describe the snake responsible
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for the bite. Based on the symptoms enumerated by the snakebite victims approximately 64%

had dry bites or bites by non-venomous snakes.

Approximately 41% (79 out of 193) of the snakebite victims sought treatment from tradi-

tional healers only, 111 (57.5%) sought treatment from a health facility only or from both a

health facility and a traditional healer, and three (1.6%) used home remedies. Out of the 69

participants who reported multiple clinical symptoms suggesting envenoming, 25 (36.2%)

sought treatment from a traditional healer only. In comparison, out of the 124 participants

who reported no symptoms at all or only localised redness or swelling, dry bites or bites by

non-venomous snake, 54 (43.5%) sought treatment exclusively from a traditional healer.

Health-seeking behaviour was not associated with the level of education. Of those who sought

treatment from a health facility, about 78% (87 out of 111) indicated that they received anitve-

nom. Approximately 17% could not recall whether they received antivenom as part of the

treatment or not.

Table 1. Characteristics of the study participants (N = 379).

Snakebite Victims n (%) Controls n (%) P-value

Demographics and Functional limitations 193 (50.9) 186 (49.1)

Region Ashanti

Upper West

36 (18.7)

157 (81.3)

20 (10.8)

166 (89.2)

0.030�

Gender Male

Female

95 (49.2)

98 (50.8)

86 (46.2)

100 (53.8)

0.561�

Age (years) Median (IQR) 37 (26.5–52.0) 36 (26.0–53.5) 0.896 Ϫ

Level of education No education

Primary education

Secondary education

Tertiary education

112 (58.0)

53 (27.5)

25 (13.0)

3 (1.6)

99 (53.2)

33 (17.7)

34 (18.3)

20 (10.8)

0.003F

Occupation Farmer

Trader

Other

Student/Not employed

131 (67.9)

15 (7.8)

14 (7.3)

33 (17.1)

108 (58.1)

18 (9.7)

24 (12.9)

36 (19.4)

0.163�

Observed sequela⸭ No

Yes

157 (81.3)

36 (18.7)

177 (95.2)

9 (4.8)

<0.001�

Type of sequela observed Amputation

Scar tissue

Joint deformities

Vision impairment

Hemiparesis

Swelling/oedema

Other

Multiple signs

No sequela

3 (1.6)

17 (8.8)

7 (3.6)

0 (0.0)

1 (0.5)

2 (1.0)

2 (1.0)

4 (2.1)

157 (81.3)

0 (0.0)

0 (0.0)

2 (1.1)

2 (1.1)

1 (0.5)

1 (0.5)

3 (1.6)

0 (0.0)

177 (95.2)

<0.001ϰ

Participant reported impaired joint function Back

Shoulders

Wrist

Hand/fingers

Knee

Ankle

Multiple joints

No joint impairment

0 (0.0)

0 (0.0)

3 (1.6)

10 (5.2)

1 (0.5)

5 (2.6)

0 (0.0)

174 (90.2)

1 (0.5)

1 (0.5)

0 (0.0)

1 (0.5)

0 (0.0)

1 (0.5)

2 (1.1)

180 (96.8)

0.001ϰ

� Pearson Chi-Square test
ϪMann–Whitney U test
F Linear-by-Linear Association
ϰ Fisher’s Exact test
⸭Observed sequelae due to snakebite or earlier disease or trauma

https://doi.org/10.1371/journal.pntd.0010322.t001
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Scar tissue and joint impairment were the main sequelae of snakebites in the study popula-

tion (Fig 2). The type of sequela observed in participants with multiple signs of sequelae

include amputation, scar tissue, swelling/oedema and vision impairment. The majority of the

snakebite victims (83.3%) with sequelae directly attributed it to the snakebite. However, the

victim with hemiparesis did not attribute his disability to the snakebite. In total, four (2%)

snakebite related amputations were recorded. Compared to the community controls, the

snakebite victims had a higher risk of an impaired joint function (9.8% vs. 3.2%; RR, 3.05; 95%

CI, 1.25–7.47).

Using the WHODAS 2.0 scores>0, the snakebite victims group recorded higher risk of

having functional limitation and disabilities in comparison to the community controls (44.8%

vs. 29.0%; RR, 1.54; 95% CI, 1.17–2.03).

Among the snakebite victims group, we analysed the severity of functional limitations and

disabilities in victims based on whether they reported multiple clinical symptoms suggesting

snakebite envenoming (SBE), or only localised redness or swelling around the bite site or no

symptom at all, suggesting dry or non-venomous snakebites (SB). Approximately 36% of the

snakebite victims had symptoms suggesting SBE. Fig 3 shows that victims of the SBE subgroup

recorded a higher proportion of mild and moderate disabilities relative to both the SB sub-

group and the control group. There was no difference between the SB subgroup and the con-

trol group. Within the domains of the WHODAS 2.0, a higher percentage of the participants

in the SBE subgroup recorded functional limitations and disabilities in cognition, mobility, life

activities, and participation in society in comparison to the SB subgroup and community con-

trol group (Fig 4).

Fig 2. Various localized residual effects of snakebite. A: Amputation at the proximal interphalangeal joint of the big

toe (Echis ocellatus reported). B: Amputation of the middle finger (Naja nigricollis reported). C: Contracture

deformity of the distal interphalangeal joint of the index finger (Bitis arietans reported). D: Contracture deformity of

the proximal and distal interphalangeal joints of the ring and little fingers (Echis ocellatus reported). E: Contracture

deformity of the proximal and distal interphalangeal joints of the index finger with a chronic ulcer (snake not seen). F:

Contracture deformity of the proximal interphalangeal joint of the middle finger (Bitis arietans reported). This

participant did not report to a health facility for treatment. Participants in images A and E reported mild disabilities

based on the WHODAS 2.0 total scores. All the other participants reported no disability.

https://doi.org/10.1371/journal.pntd.0010322.g002
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Comparing the proportions of participants with positive scores (> 0) in the SBE and SB

subgroups to the community control groups, we found the SBE group had higher risk of hav-

ing functional limitations and disabilities (Table 2).

As measured by the BUFLS, no difference was found in the risk of having functional limita-

tions between the SBE subgroup and the community controls (47.8% vs. 39.8%; RR, 1.20; 95%

Fig 3. Severity of disability based on the WHODAS 2.0 ICF categories shown for the study.

https://doi.org/10.1371/journal.pntd.0010322.g003

Fig 4. Participants in each study group with perceived disabilities present per WHODAS 2.0 domain scores.

https://doi.org/10.1371/journal.pntd.0010322.g004
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CI, 0.88–1.63). A similar result was found between the SB subgroup and the community con-

trols (34.7% vs. 39.8%; RR, 0.87; 95% CI, 0.65–1.18).

Based on the WHODAS 2.0 and using variables measured in this study, the most appropri-

ate model predicting disability in the snakebite population included the variables age, gender

and region of residence (Nagelkerke R2 = 0.17, Hosmer-Lemeshow goodness-of-fit test

P = 0.59, Table 3). Gender and region of residence produced a higher effect on the model.

There was no difference in the risk of having disabilities among victims of the SBE sub-

group if they decided to visit the hospital versus visiting a traditional healer only (56.8% vs

48.0%; RR, 1.18; 95% CI, 0.73–1.92).

Discussion

The ease with which snakebite victims were identified in these communities during the data

collection suggests frequent interactions between humans and snakes, despite limiting the

inclusion criteria to victims whose history of snakebite was at least 6 months old on the day of

survey. We found a history of snakebite to be associated with the presence of disabilities. The

risk of impaired joint function among the snakebite victims was three times higher than the

risk among the community controls. The risk of disabilities among the snakebite victims who

reported multiple clinical symptoms suggesting snakebite envenoming (SBE) was 1.85 times

higher than the risk in the community controls, with 54% of the SBE victims recording some

form of disability compared to 29% in the community controls. The disability domains mainly

Table 2. WHODAS 2.0 assessment of the study participants.

SBE n (%) RR

SBE�Control

95% CI SB n (%) RR

SB�Control

95% CI Controls n (%)

Measure of functional limitation and

disability

69 (18.2) 124 (32.7) 186 (49.1)

WHODAS 2.0 Score > 0 37 (53.6) 1.85 1.35–2.53 49 (39.8) 1.37 1.00–1.88 54 (29.0)

Score = 0 32 (46.4) 74 (60.2) 132 (71.0)

Not applicable 0 (0.0) 1 (0.8) 0 (0.0)

WHODAS 2.0 Median (IQR) 0.9 (0.0–9.0) - - 0.0 (0.0–4.7) - - 0.0 (0.0–3.1)

WHODAS 2.0: World Health Organisation Disability Assessment Schedule; SBE: Snakebite envenoming; SB: dry or non-venomous bite; RR: Relative risk; 95% CI: 95%

confidence interval of relative risks

https://doi.org/10.1371/journal.pntd.0010322.t002

Table 3. Results of the dichotomous logistic regression analysis on the variables best predicting disabilities in

snakebite victims.

Predictors OR 95% CI

Severity of the snakebite

SB

SBE

-

1.91

1.01–3.62

Age (years) 1.03 1.01–1.04

Gender

Male

Female

-

3.13

1.66–5.89

Region

Upper West

Ashanti

-

2.74

1.22–6.14

OR: Odds ratio; SB: Dry or non-venomous snakebite; SBE: Snakebite envenoming; Nagelkerke R2 = 0.169; 95% CI:

95% confidence interval of odds ratios

https://doi.org/10.1371/journal.pntd.0010322.t003
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affected by snakebite envenoming are cognition level on understanding and communicating,

mobility, participation in society, and life activities such as undertaking domestic, work or

school activities. Victims of dry bites or bites from non-venomous snakes seem to have no

long-term consequences due to the snakebite. In contrast to the WHODAS 2.0, the BUFLS did

not show any difference in functional limitations between the snakebite victims and the com-

munity controls even though both are patient-reported outcome measures. As an instrument

developed to detect mainly severe functional limitations, the results in this study reflects the

BUFLS’ low sensitivity to mild/moderate functional limitations as found in another study [38].

The burden of snakebite is multidimensional, making estimation of the true burden a

major challenge. In Sub-Sahara Africa, a meta-analysis on the burden of snakebite found 6%

of victims had sequelae such as contractures, vision impairment, swellings and scars, and an

amputation rate of 3% [39]. However, most of the studies included in this meta-analysis

sourced data from national health reporting systems and hospital records which does not nec-

essarily represent the total burden of SBE in the communities. Active evaluation of long-term

consequences in the community leads to a higher burden as detected in publications from Sri

Lanka. A very diverse pattern of long-term physical consequences of snakebite was reported in

communities in Sri Lanka based on a screening questionnaire followed by a medical evaluation

if positive. A validated tool to assess disabilities was not included and community members

without a snakebite history were not evaluated [21]. In another study, a high percentage of

ongoing psychological morbidity was found in snakebite victims between 1 and 3 years after

the bite compared with community controls. The Sheehan disability scale, a validated tool to

measure functional impairment associated with anxiety disorders, indicated 14% (versus 3%

in the controls) had such a functional impairment [40]. Fifteen out of the 88 (17%) snakebite

victims furthermore reported residual physical disabilities. In Nigeria, persisting physical dis-

abilities were observed in 16 (11.4%) out of the 140 snakebite victims identified from health

facility records [41]. In a retrospective cohort study on snakebite wound management using

negative pressure wound therapy (NPWT), necrosis and infection rates were 36.8% and 4.3%,

and 13.2% and 4.3% in the non-NPWT and NPWT groups respectively [42]. This finding

emphasise that appropriate wound management is essential in reducing further complications

such as scars, amputations and range of motion impairments. The high prevalence of residual

physical sequelae in our study stress that more effort is needed to promote good wound man-

agement both at the communality level and within the healthcare system. Using the Post-Trau-

matic Checklist (PCL-C) in the Nigerian study, 43% of the snakebite victims compared to 28%

of their matched relatives with no history of snakebite showed post-traumatic stress disorder.

These data together emphasize the multifaceted nature of the burden of snakebite. To assess

the true burden, mild and moderate consequences need to be included in the total burden esti-

mation. Furthermore, health systems data ought to be complemented with community-level

data for a more accurate estimation of the exact population burden.

Within the six domains of the WHODAS 2.0, a higher proportion of the snakebite enven-

oming victims had disabilities in the level of cognition, understanding and communicating,

mobility, participating in community activities and life activities such as undertaking domes-

tic, work or school responsibilities. Snakebite had impact on the same WHODAS 2.0 domains

among 58 snakebite victims in rural Amazonian communities in Brazil [43]. In a semi-urban

region in Nigeria, a history of snakebite was associated with poor quality of life in psychologi-

cal and social domains of the World Health Organization Quality of Life (WHOQOL)-BREF

[41]. Among 48 patients with skin neglected tropical diseases (NTDs) in Nigeria, the 12-item

WHODAS instrument also showed a higher disease burden on the level of cognition, mobility,

life activities, and participation in society domains [44]. Aside from the physical burden, these

findings highlight similar mental health and psychosocial challenges of snakebite victims to
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victims of other NTDs. Acknowledging the high risk of mental health conditions, the WHO

advocates for the use of psychosocial and rehabilitation interventions to holistically address

the health needs of NTD victims [45, 46]. Findings from a brief psychosocial intervention for

snakebite victims and self-care intervention for other NTDs victims have proved effective in

reducing psychiatric symptoms and disability, and improving disease impairment status

among patients [44, 47]. These findings suggest that NTDs with similar disease pattern and

effects can benefit from strong collaborative and integrated interventions which can be imple-

mented as part of first lines of care.

Our finding shows a combination of the severity of the bite, age, gender and region of resi-

dence most accurately predicted the odds of having disabilities. Increased age and the female

gender contributed to the chance of having disabilities. A similar pattern has been reported in

other studies despite males often reporting higher number of snakebite cases [17, 21]. This out-

come could be attributed to the predisposing socioeconomic conditions and the daily respon-

sibilities of females in rural communities. Apart from gender and age, the region of residence

contributed to the chance of disabilities. This may be related to the locally prevalent snake spe-

cies. In the Ashanti region, cytotoxic species such as Naja nigricollis and Bitis arietans are

more common and their victims more likely to develop impaired joint function as compared

to bite victims of Echis ocellatus, which is more common in the Upper West region and associ-

ated with bites primarily causing clotting impairment and death. The risk of clotting

impairment and death were however not included in this study. This geographical difference

illustrates that there may be important differences within countries that may require different

interventions to prevent long-term consequences (e.g. needs for physical therapy or mental

health support) depending on the type of snakes prevalent. It also illustrates that total popula-

tion disability estimations using DALYs should be based on data obtained from different

regions with different snakes prevalent to be reliable. Dry bites or bites from non-venomous

snakes in our study did not contribute to long-term disabilities as assessed.

We decided not to produce DALY estimates since the severity of bites and the regional dif-

ferences found suggested that the impact of a snakebite depended on the characteristics of the

snake species. Furthermore, we did not include data on victims who died from snakebite due

to the high chance of multiple counting at the community level. Additionally, the WHODAS

2.0 results in the control group further complicate a valid DALY estimate. We advocate for a

specific disability weight for snakebite envenoming which can be used when calculating the

global burden of snakebite, but this would need to take into account the clinically diverse

impact of different snakes in different regions.

The inclusion of community members provided data from victims often excluded in bur-

den estimates. The WHODAS 2.0 results from the community controls clearly illustrate the

need to include controls when studying the burden of snakebites. We considered the different

domains in the WHODAS 2.0 for a more holistic approach to evaluating long-term conse-

quences than the mere counting of amputations and deaths. Furthermore, the WHODAS 2.0

can be used regardless of the snakes responsible for the bite. Nevertheless, we think specific

mental health consequences such as anxiety disorders or mood disorders need specific atten-

tion in the future.

The study had limitations. The retrospective approach used in assessing participants’ snake-

bite history, makes the interpretation of the data susceptible to recall bias. We also relied on

the clinical symptoms at the time of the bite as reported by the participants to distinguish

between dry or non-venomous bites and venomous bites. In addition, the study was conducted

in the two regions reported to have the highest annual case records of snakebite in the country.

Geographical differences limit the options to extrapolate our findings to the national or inter-

national estimates. To better understand the population-based long-term consequences of
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snakebite, further research should include multiple regions and ideally analyse the burden per

type of bite using a syndromic approach. Our sample size calculation was based on the 3%

national disability estimate. Compared to the “first” national disability estimate based on data

collected during the 2010 PHC, and the recent 2021 PHC we found a considerably different

prevalence even in the community controls using the WHODAS 2.0. The difference could be

attributed to how the data was collected. During the Census, individuals were simply asked if

they had any serious disability that limit full participation in life activities such as mobility,

work and social life. The national estimate is therefore likely biased towards severe physical

disabilities. Since none of the snakebite envenoming victims in our study reported severe dis-

abilities, the use of snowballing as the sampling approach was not biased to victims with overt

disabilities.

Conclusion

To better appreciate the true magnitude of the burden of snakebite envenoming, subsequent

assessments of the disease burden should include mild and moderate long-term consequences

along with the more severe consequences of amputation and death. These mild to moderately

severe disabilities are not included in hospital-based estimates of snakebite burden and also

occur in victims who do not visit hospitals. Community members with possible dry bites or

bites from non-venomous snakes showed no long-term consequences in our study. Estimating

the total burden of snakebites is complicated by geographic variations in types of snakes and

their clinical manifestations. Assessing a national burden of snakebites therefore requires care-

ful planning in multiple regions. Attention to non-acute pathological effects of snakebite, men-

tal health and the establishment of rehabilitation programmes could reduce the risk of

disabilities and improve the quality of life of snakebite victims.
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