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Abstract. Snakebites continue to be a public health concern in sub-Saharan Africa, where availability of appropriate
medical treatment is rare, even though death and disability can be prevented with timely intervention. A challenge is the
lack of sociopolitical studies to inform health policies. This study aimed to identify snakebite patient profiles, healthcare
workers’ (HCWs) knowledge of snakebite, and facilities’ snakebite treatment capacity in Kenya, Uganda, and Zambia to
inform interventions to improve access to appropriate treatment. The research comprised across-sectional key informant
survey amongHCWs fromhealth facilities in Kenya (n= 145), Uganda (n = 144), and Zambia (n= 108). Datawere collected
between March 2018 and November 2019. Most of the HCWs suggested that the number of snakebite incidents was
similar between the genders, that most patients were aged 21–30 years, and most people were bitten when farming or
walking. Overall, only 12%of HCWs had received formal training in snakebite management. Only about 20% of HCWs in
each country said their health facility had themedicines needed to treat snakebites, with antivenomavailable in 0–34%of
facilities across the sectors and countries, and snakebites were not systematically recorded. This research shows that an
integrative approach through policies to increase resource allocation for health system strengthening, including com-
munity education, HCW training, and improved access to snakebite treatment, is needed. Part of this approach should
include regulations that ensure antivenomsavailable in health facilitiesmeet quality control standards and that snakebites
are accommodated into routine reporting systems to assess progress.

INTRODUCTION

Globally, it is estimated that snakebite envenoming is re-
sponsible for more than 138,000 deaths and more than
400,000 permanent disabilities each year.1 In sub-Saharan
Africa, 314,000 snakebite envenomings cause between 5,900
to14,600amputationsand7,000 to32,000deathsannually.2,3

While displaying a large range, these estimated incidences
are also believed to be a gross underestimation of the actual
situation, given that studies have shown that up to 70% of
snakebite cases remain unreported.4–6 A study on the burden
of snakebite in West Africa estimated that the disability-
adjusted life years caused by snakebites exceeded those of
many other neglected tropical diseases which currently re-
ceive more attention.7 In addition to a range of morbidities,
such as tissue necrosis, persistent nerve damage, and am-
putation, victims may suffer from psychological distress and
stigmatization in their communities.3,8

Adequate and timely medical treatment can prevent serious
health complications of snakebite envenomings. However, in
sub-Saharan Africa, effective treatment is scarce, and issues of
poor antivenom production, inadequate distribution, and poor
efficacy of antivenom prevail.9,10 In the past 10 years, the pro-
duction of antivenom has failed to expand, and the antivenom
supply chain is currently inadequate and unstable.11,12 The lack
of access to appropriate antivenom, in combination with tradi-
tional beliefs surrounding snakebite, leads victims to seek in-
effective or adverse treatment from traditional healers. This also
delaysevidence-based treatmentwhen time isof theessence.3,8

Snakebite envenomings have a massive impact on house-
holds and communities, and disproportionally affect poor
communities. In sub-SaharanAfrica, 97%of snakebite deaths

occur in rural areas which depend on outdoor activities for
livelihood, suchas farming,fishing, hunting, andherding.2,8,13,14

Snakebite incidents are highest among themost economically
productivemembersof thecommunity, andpoorgeographical
access to and quality of healthcare in remote communities
diminish the chance of receiving adequate treatment.8,11,14

Moreover, even if people do make it to health facilities and
treatment is available, treatment costs could cause cata-
strophic expenditure and additional financial hardship.10,15 As
such, snakebites aggravate socioeconomic inequalities.
Fortunately, with the right training, medicines, and equip-

ment, combined with appropriate health-seeking behavior,
snakebite patients can be properly managed, and the burden
of snakebite morbidity and mortality can be significantly re-
lieved.16 To date, however, there are very little research efforts
on snakebite in sub-Saharan Africa. In Kenya, Uganda, and
Zambia, for instance, the few existing studies that involve
primary data collection are generally of limited scale and
scope or outdated.17–21 To contribute to evidence about the
country-specific snakebite burden and to inform policy in-
tervention, a survey was conducted among healthcare work-
ers (HCWs) employed in health facilities in Kenya, Uganda,
and Zambia to identify snakebite incidents, patient profiles,
HCWs knowledge, and health facilities’ capacity to ade-
quately treat snakebites.

MATERIALS AND METHODS

Study area and sampling. The sampling strategy used to
identify health facilities was adapted from the WHO/Health
Action International gold-standard methodology “Measuring
medicine prices, availability, affordability, and price compo-
nents,” which recommends surveying 144 facilities from six
regions to obtain a representative facility sample to create a
picture of the country situation.22 The methodology has been
validated in many countries.23,24 In Kenya and Zambia, data
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were collected across six counties and regions, respectively,
of which three were thought to be snakebite-endemic areas
and three were not. Uganda was divided into six survey re-
gions fromwhichdatawere collected. Furthermore, according
to the sampling methodology, officially in each survey region,
24 health facilities should be randomly selected to participate
in the research, equally divided across sectors (public, private,
or private not-for-profit [PNFP]) and locations (urban or rural)
(see Supplemental File 1). The national definition of urban
varies in each of the countries; for the purpose of this study,
an urban area was defined as a locality with a population of
a minimum of 5,000 people where the main economic activity
is nonagricultural and where basic modern facilities are
present.25,26 In this research, 24 facilities were randomly se-
lected per survey region from a list, with allocation to sector
and area performed afterward. In Zambia, the levels of health
facilities surveyed ranged from health posts to general hos-
pitals, and in Kenya from health posts to national university
teaching hospitals. Similarly, in Uganda, the levels ranged
from health centers II to regional referral hospitals.
Within each facility, one informant was selected to partici-

pate in a qualitative survey through convenience sampling.
This informant needed to be a licensed HCW who had been
working at the facility for more than a year.
Data collection tool. A HCW questionnaire was used,

which collected informant information about snakebite inci-
dents, patient profiles, HCW’s knowledge, and the facility’s
capacity to treat snakebites. The questionnaire was informed
by scientific literature and developed in collaboration with
recognized snakebite experts from the Global Snakebite Ini-
tiative and local civil society experts. The questionnaire con-
tained 33 questions and inquired about the number of
snakebite cases in the last 6 months (Uganda) or 12 months
(Kenya, Zambia), proportion of male–female snakebite pa-
tients, age of patients, the availability of antivenom at the fa-
cility, the type of snakebite treatment offered at the facility,
HCWs’ training on snakebites, and their perceived knowledge
on snakebite treatment. To provide exact numbers on the
amount of snakebite incidents and stock availability of anti-
venom, the HCW was asked to refer to their medical records.
The remaining questions were based on the informants’ ex-
perience. The questionnaire was pilot-tested in 2017 in 108
facilities in Kilifi County, Kenya, after which the tool was re-
fined. The pilot test data were not included in this research.
Furthermore, in each country, local partners provided feed-
back on the questionnaire, resulting in the slightly different
phrasing of four questions (age, number of registered cases,
knowledge on snakebite treatments, and consultation of tra-
ditional healer) between the countries, even though the es-
sence remained the same.
Data collection. Data collection was performed by local

organizations with experience in conducting similar research.
Data collection teamsworked in pairs andwere supervised by
a local survey manager. Data collectors received a 1-day
training course in person (Kenya and Uganda) or through
video-calling (Zambia), led by one of the investigators (S. v. B.
or G. I. O.). In Uganda, data were collected in March 2018, in
Zambia in July 2018, and in Kenya from March to November
2019.
Data analysis. All data collection forms were manually

entered into Excel and cross-checked by two researchers for
accuracy. Missing data and incorrectly answered questions

were excluded from the analysis. Data analysiswasperformed
in Microsoft Excel 365 (Microsoft, Redmond, WA), where an
analysis tool was used to calculate medians, minimums,
maximums, and frequencies using descriptive statistics.
Ethical considerations. In Zambia, approval was sought

from the National Health Research Authority, and in Kenya, by
the Amref Health Africa Ethics and Scientific Review Com-
mittee. In Uganda, no ethical approval was necessary, but
permission for the research and letters of introduction to
health facilities were secured from the Ministry of Health.
These letters were also acquired in Kenya and Zambia. In-
formed consent was obtained from all participants, and all
identifiers were replaced with codes to maintain anonymity
and confidentiality.

RESULTS

Sample. A total of 118 HCWs in Zambia, 144 HCWs in
Uganda, and145HCWs inKenyaweresurveyed. InKenyaand
Uganda, HCWS in facilities across the public, private, and
PNFP sectors were included. In Zambia, data were collected
fromHCWs in the public andPNFP sectors only, as the private
(for-profit) sector is of very limited scale. Healthcare workers
working in PNFP facilities were subsequently excluded from
analysis because of the small sample size. Hence, the in-
cludedsample for Zambia totaled108HCWsworking in public
sector facilities. Table 1 is an overview of the participants’
characteristics.
Snakebite demographics. Over a 6-month period in

Uganda, 593 snakebite cases were registered in 140 facilities.
In Kenya and Zambia, a respective 801 cases in 108 facilities
and 662 cases in 86 facilities were registered over a 12-month
period. In all three countries,most of the caseswere registered
in rural health facilities (see Table 2). In Kenya, the highest
median number of registered cases was noted in level IV fa-
cilities; in Uganda andZambia, it was noted in level III facilities.
In Kenya, HCWs’ experiences regarding the months in

which they sawmost snakebites varied, and no clear patterns
could be distinguished. Multiple months could be chosen. In
Zambia, a clear majority of HCWs saw most snakebites in
November to January. In Uganda, the largest proportions of
HCWs sawmore snakebite cases fromOctober to December,
and from April to June (see Figure 1).
Snakebite patient profile. In Kenya, almost half of HCWs

claimed that the male–female ratio among snakebite patients
was equal, whereas 30.4% thought there were mostly male
patients and 18.8% thought there were mostly female pa-
tients. In Uganda and Zambia, the responseswere similar (see
Table 3). When asked about the age of those bitten by snakes,
HCWs from all three countries indicated that individuals aged
21–30 years weremost often bitten by snakes. In Uganda and
Zambia, this was followed by the 11–20 years age-group,
whereas the second most commonly mentioned age-group
in Kenyawas 31–45 years (see Table 3). According toHCWs in
all three countries, farming was the most common activity
performed by people at the time of the bite (55.3–75.4%),
followed by simply walking, collecting firewood, and herding
(depending on country) (see Table 3).
In Kenya, the survey further asked about the most com-

monly bitten body part.Multiple body parts could be chosen.
More than eight in 10 HCWs believed the legs to be one of
the most commonly bitten body parts, whereas about 30%
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of HCWs mentioned the feet, hands, and fingers (see Sup-
plemental File 2).
Health facilities’ resources and response. Training and

knowledge of snakebite management. Training of HCWs on
snakebites was found to be uncommon, ranging from 2.6% in
the PNFP sector in Uganda to 22.2% in the PNFP sector of
Kenya (see Table 4). Low percentages were also obtained for
questions related to knowledge to treat snakebite adequately.
In Uganda, less HCWs in the public sector believed they had
the knowledge to adequately treat snakebites than those in
the private and PNFP sectors (28.6% versus 65.9% and
57.9%, respectively) (see Table 4). In Zambia, 58.5% of the
HCWs believed there was someone in the health facility, not
specifically the HCW surveyed, who had the knowledge to

treat snakebites, whereas in Kenya, 34.8% of HCWs believed
they could differentiate a venomous snakebite from a non-
venomous snakebite. The overwhelming majority of HCWs in
Uganda and Zambia referred to a lack of training and the need
for more specialized training on how to manage snakebite
patients as the reason for their lack of knowledge.
Treatment. In all three countries, both nurses and physi-

cians are the ones commonly providing care to snakebite
patients, with assistants not commonly treating snakebites
(see Table 4). Only about 20% of HCWs across the countries
said they had the necessary equipment and medicines avail-
able at the health facility to treat snakebites. In all countries,
supportive treatment, comprising painkillers, fluids, teta-
nus vaccines, antibiotics, and hydrocortisone, was the most

TABLE 1
Characteristics of study participants from Kenya, Uganda, and Zambia, per sector

Kenya (n = 145) Uganda (n = 144) Zambia (n = 108)

Public Private PNFP Total Public Private PNFP Total Public

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Facility location
Urban 11 (10.6) 11 (47.8) 3 (16.7) 25 (17.2) 26 (40.6) 28 (66.7) 16 (42.1) 70 (48.6) 33 (30.6)
Rural 93 (89.4) 12 (52.2) 15 (83.3) 120 (82.3) 38 (59.4) 14 (33.3) 22 (57.9) 74 (51.4) 75 (69.4)

Profession
Assistant 2 (1.9) 1 (4.3) 1 (5.6) 4 (2.8) 9 (14.1) 1 (2.4) 2 (5.3) 12 (8.3) 15 (13.9)
Nurse 60 (57.7) 7 (30.4) 9 (50.0) 76 (51.7) 30 (46.9) 17 (40.5) 17 (44.7) 64 (44.4) 61 (56.5)
Physician 37 (35.6) 15 (65.2) 8 (44.4) 60 (41.4) 24 (37.5) 24 (57.1) 19 (50.0) 67 (46.5) 31 (28.7)
Pharmacist 5 (4.8) 0 (0.0) 0 (0.0) 5 (3.4) 1 (1.6) 0 (0.0) 0 (0.0) 1 (0.7) 1 (0.9)

Facility level*
Level I 45 (43.3) 12 (52.2) 11 (61.1) 68 (46.9) 17 (26.6) 11 (26.2) 13 (34.2) 41 (28.5) 33 (30.6)
Level II 37 (35.6) 10 (43.5) 5 (27.8) 52 (35.9) 36 (56.3) 27 (64.3) 15 (39.5) 78 (54.2) 63 (58.3)
Level III 16 (15.4) 0 (0.0) 1 (5.6) 17 (11.7) 6 (9.4) 4 (9.5) 10 (26.3) 20 (13.9) 7 (6.5)
Level IV 6 (5.8) 1 (4.3) 1 (5.6) 8 (5.5) 5 (7.8) 0 (0.0) 0 (0.0) 5 (3.5) 5 (4.6)
PNFP = private not-for-profit.
* Health facility levels inKenya: I. Community health servicesanddispensary/clinic; II. Health centre; III. Subcounty hospital; IV.County hospital andabove.Health facility levels inUganda: I. Health

centre; II. Health centres III and IV; III. Hospital; IV. Regional referral hospital and above. Health facility levels in Zambia: I. Health post; II. Health centre; III. District hospital; IV. General hospital and
above.

TABLE 2
Total or median number of registered snakebites per location, geographic region, and facility level in Kenya, Uganda, and Zambia

Kenya* Uganda† Zambia*

Facilities tracking
cases

No of cases
(12-month period)

Facilities
tracking cases

No of cases
(6-month period)

Facilities
tracking cases

No of cases
(12-month period)

N (%) N (range) N (%) N (range) N (%) N (range)

Per location, total
Urban 16 (64.0) 211 67 (95.7) 231 22 (66.7) 149
Rural 92 (76.7) 590 74 (100.0) 362 64 (85.3) 513

Per geographic region, total‡
Region I 23 (100.0) 191 29 (93.5) 183 16 (69.6) 229
Region II 12 (50.0) 99 34 (94.4) 123 26 (92.9) 171
Region III 15 (60.0) 53 36 (100.0) 160 29 (100.0) 174
Region IV 20 (83.3) 392 41 (100.0) 127 15 (53.6) 88
Region V 24 (100.0) 12 NA NA NA NA
Region VI 14 (58.3) 54 NA NA NA NA

Per facility level, median§
Level I 48 (70.6) 1.0 (0–22) 41 (100.0) 1.0 (0–10) 29 (87.9) 3.0 (0–20)
Level II 39 (75.0) 1.0 (0–76) 76 (97.4) 2.0 (0–39) 50 (79.4) 6.0 (0–65)
Level III 16 (94.1) 8.0 (0–48) 20 (100.0) 5.5 (0–23) 5 (71.4) 17.0 (3–30)
Level IV 5 (62.5) 12.0 (1–47) 4 (80.0) 3.0 (0–41) 2 (40.0) 5.5 (3–8)
NA = not applicable.
* Snakebites registered over the previous 12 months.
†Snakebites registered over the previous 6 months.
‡ In Kenya, region I: Kajiado County; region II: KilifiCounty; region III: KirinyagaCounty; region IV: Kwale County; region V: Nyandarua County; region VI: Taita Taveta County. In Uganda, region I:

Central region; region II: Eastern region; region III: Northern region; region IV: Western region; region V–VI: NA. In Zambia, region I: Luapula Province; region II: Muchinga Province; region III:
Northwestern Province; region IV: Northern Province; region V–VI: NA.
§Health facility levels inKenya: I.Community healthservicesanddispensary/clinic; II. Healthcentre; III. Subcountyhospital; IV.Countyhospital andabove.Health facility levels inUganda: I. Health

centre II; II. Health centres III and IV; III. Hospital; IV. Regional referral hospital and above. Health facility levels in Zambia: I. Health post; II. Health centre; III. District hospital; IV. General hospital and
above.
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commonly offered treatment for snakebite patients (see
Figure 2). Health facilities also commonly referred patients
to other facilities.
Traditional treatment, such as black stone and tourniquets,

was offered at 0.8%of Kenyan, 7.0% of Ugandan, and 14.6%
of Zambian facilities. In addition, considerable numbers of
HCWs believed the majority of patients sought traditional
treatments before visiting the health facility (50.0% in Kenya,
39.0% in Uganda, and 30.8% in Zambia, see Table 4).
Administering antivenom was not a common treatment

practice, offered by 32.3% of Kenyan facilities, and a re-
spective 7.7% and 12.6% of Ugandan and Zambian facilities
(see Figure 2). When asked about the general effect of

antivenom, 62.3%of HCWs inUganda and 38.1%of HCWs in
Zambia believed it had the desired effect (see Table 4). This
question was not included in the Kenyan survey. In Kenya,
33.7%of public facilities, 0%of private facilities, and23.5%of
PNFP facilities surveyed had antivenom available and in stock
at the time of the survey (see Table 4). In Uganda and Zambia,
this was the case for less than 10% of facilities across all
sectors surveyed. The types of antivenom stocked in each
country can be found in Table 5.
In all three countries, reasons given for the unavailability of

antivenom included that it was not supplied to the facility,
either because the level of care of the facility was too low, it
was too expensive to stock, or the facility never stocked

FIGURE 1. Months in which healthcare workers (HCWs) reported to see most snakebite cases, per country. aHealthcare workers could indicate
multiple months, so totals may sum to more than 100%.

TABLE 3
Healthcare workers’ perspectives on snakebite patient characteristics

Kenya HCWs (overall) Uganda HCWs (overall) Zambia HCWs (public)

N (%) N (%) N (%)

Proportion of male–female patients
Only male 6 (5.4) 3 (2.2) 3 (2.9)
Mostly male 34 (30.4) 41 (30.6) 37 (36.2)
Same number of males and females 50 (44.6) 48 (35.8) 41 (39.0)
Mostly female 21 (18.8) 29 (21.6) 23 (21.9)
Only female 1 (0.9) 13 (9.7) 0 (0.0)

Age-group of snakebite patients* (years)
0–10 20 (18.1) 33 (24.6) 18 (17.1)
11–20 26 (23.6) 64 (47.8) 55 (53.3)
21–30 61 (55.5) 93 (69.4) 63 (61.0)
31–45 58 (52.7) 61 (45.5) 40 (38.1)
46–65 9 (8.2) 11 (8.2) 6 (5.7)
> 65 1 (0.9) 0 (0.0) 1 (1.0)

Activity at the time of snakebite*
Playing 12 (10.5) 26 (19.4) 21 (19.8)
Herding 36 (31.6) 22 (16.4) 1 (0.9)
Sleeping 15 (13.2) 20 (16.4) 4 (3.8)
Farming 63 (55.3) 101 (75.4) 67 (64.2)
Walking 30 (26.3) 63 (47.0) 64 (60.4)
Charcoal burning 10 (8.8) 6 (4.5) 5 (4.7)
Fishing 0 (0.0) 7 (5.2) 7 (6.6)
Collecting firewood 32 (28.1) 6 (4.5) 33 (31.1)
Activities inside the house 24 (21.1) 3 (2.2) 0 (0.0)
Other 0 (0.0) 9 (6.7) 7 (6.6)
HCW = healthcare worker.
* HCWs could indicate up to three categories, so totals may sum to more than 100%.
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antivenom. In the non-endemic areas, a low snakebite in-
cidence was also mentioned as reason for not having anti-
venom available.
Complications. In Kenya, HCWs were asked about the

complications they most commonly observed after a snake-
bite. Multiple-answer options could be chosen. According to
the HCWs, when complications occurred, the most common
oneswere swelling (55.9%), pain at the site of the bite (32.2%),

cellulitis (23.7%), and respiratory distress (20.3%) (see Sup-
plemental File 2).

DISCUSSION

This research is oneof the first to studyHCWs’perspectives
on snakebite demographics, their knowledge on treatment,
and their health facilities’ treatment capacity in Kenya, Uganda,

TABLE 4
Healthcare workers’ perspectives on treatment and their health facilities’ capacity to treat snakebite

Kenya (n = 145) Uganda (n = 144) Zambia (n = 108)

Public Private PNFP Total Public Private PNFP Total Public

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Training on snakebite treatment
Yes 11 (10.6) 3 (13.0) 4 (22.2) 18 (12.4) 6 (9.4) 5 (11.9) 1 (2.6) 12 (8.3) 17 (16.0)
No 93 (89.4) 20 (87.0) 14 (77.8) 127 (87.6) 58 (90.6) 37 (88.1) 37 (97.4) 132 (91.7) 89 (84.0)

Knowledge on snakebite treatment
Yes 34 (34.3) 11 (52.4) 3 (16.7) 48 (34.8) 18 (28.6) 27 (65.9) 22 (57.9) 67 (47.2) 62 (58.5)
No 65 (65.7) 10 (47.6) 15 (83.3) 90 (65.2) 45 (71.4) 14 (34.1) 16 (42.1) 75 (52.8) 44 (41.5)

Treats snakebite*
Assistant 1 (1.0) 0 (0.0) 0 (0.0) 1 (0.7) 11 (18.0) 1 (2.4) 5 (14.3) 17 (12.4) 8 (7.6)
Nurse 56 (57.1) 7 (30.4) 9 (52.9) 72 (52.2) 43 (70.5) 21 (51.2) 22 (62.9) 86 (62.8) 69 (65.7)
Physician 61 (62.2) 18 (78.3) 9 (52.9) 88 (63.8) 44 (72.1) 36 (87.8) 27 (77.1) 107 (78.1) 60 (57.1)
Not treated at facility 8 (8.2) 1 (4.3) 2 (11.8) 11 (8.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Commodities available to
treat snakebite

Yes 23 (23.2) 3 (13.6) 3 (18.8) 29 (21.2) 9 (14.1) 9 (21.4) 10 (26.3) 28 (19.4) 20 (19.0)
No 73 (73.7) 19 (86.4) 13 (81.3) 105 (76.6) 55 (85.9) 30 (71.4) 28 (73.7) 113 (78.5) 72 (68.6)
I do not know 3 (3.0) 0 (0.0) 0 (0.0) 3 (2.2) 0 (0.0) 3 (7.1) 0 (0.0) 3 (2.1) 13 (12.4)

Antivenom available at facility
Yes 33 (33.7) 0 (0.0) 4 (23.5) 37 (26.8) 4 (6.3) 1 (2.4) 1 (2.7) 6 (4.2) 9 (8.7)
Not at the moment 29 (29.6) 14 (60.9) 9 (52.9) 52 (37.7) 9 (14.1) 3 (7.1) 12 (32.4) 24 (16.9) 5 (4.9)
Generally not 36 (36.7) 9 (39.1) 4 (23.5) 49 (35.5) 50 (78.1) 36 (85.7) 24 (64.9) 110 (77.5) 53 (51.5)
I do not know 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (1.6) 2 (4.8) 0 (0.0) 2 (1.4) 36 (35.0)

Outcome of antivenom treatment
Desired effect NA NA NA NA 35 (61.4) 25 (64.1) 21 (61.8) 81 (62.3) 37 (38.1)
No effect NA NA NA NA 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Negative effect NA NA NA NA 22 (38.6) 14 (35.9) 13 (38.2) 49 (37.7) 0 (0.0)
I do not know NA NA NA NA 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 60 (61.9)

Traditional treatment sought
beforehand

Yes 47 (51.6) 11 (57.9) 5 (31.3) 63 (50.0) 16 (27.6) 21 (51.2) 16 (43.2) 53 (39.0) 32 (30.8)
No 44 (48.4) 8 (42.1) 11 (68.8) 63 (50.0) 42 (72.4) 20 (48.8) 21 (56.8) 83 (61.0) 41 (39.4)
I do not know 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 31 (29.8)

HCW = healthcare worker; NA = not applicable; PNFP = private not-for-profit. The question was not asked in the country.
* HCWs could indicate up to three categories, so totals may sum to more than 100%.

FIGURE 2. Type of treatment provided at health facility in response to snakebites, per country and sector. aHealthcare workers (HCWs) could
indicate multiple treatments, so totals may sum to more than 100%.
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and Zambia. According to most HCWs, there were no differ-
ences in snakebite incidents between genders, most patients
were aged 21–30 years, and activities often performed when
bitten were farming and walking. Supportive treatment was
themost commonly offered type of treatment, and 85–90%of
HCWs had not received any training in snakebite manage-
ment. About 80% of HCWs across the countries thought their
health facility did not have the necessary equipment and
medicines available to treat snakebite. Accordingly, a mere
27.0% of HCWs in Kenya, 4.2% in Uganda, and 7.6% in
Zambia stated they had antivenom in stock at the time of
survey.
Snakebiteenvenoming isasignificantlyunderstudiedneglected

tropical disease. Existing studies cover just one hospital or are
outdated.17–21 One Kenyan study had a similar research ques-
tion and approach (albeit it only covered four high-level urban
facilities).27 Thecurrent studyprovided insight into the snakebite
issue from the perspective of HCWs. Because none of the three
countries have a national snakebite reporting and surveillance
system, current evidence on snakebite incidents is mostly
anecdotal.27–30 This research is an attempt to provide a com-
prehensive overview of snakebite incidents by randomly
sampling health facilities throughout multiple regions in each
country, which can be used as evidence for policy-makers to
inform and strengthen snakebite policies, including reporting
systems. Although these not insubstantial numbers regis-
tered at the facilities only give cautious indications toward
the actual number of snakebites taking place, also because
not all facilities registered the snakebites cases seen by the
facility, they confirm that in general, health facilities regularly
have to deal with a number of snakebites. Given that multiple
studies have shown snakebite underreporting is as high as
70%, real snakebite incidents will be much higher.4–6 For-
tunately, in all three countries, ministries of health are willing
to take encouraging steps to strengthen snakebite surveil-
lance and reporting mechanisms. Reliable estimates of
snakebite incidents and burden will improve opportunities
for intervention and resource allocation.3

Countries need to be prepared for seasonal variations in
snakebite incidents. For example, in Zambia, HCWs reported
an increase in snakebite cases fromNovember toMarch. This
might be explained by Zambia’s climate, which has extreme
droughts in May to August, and higher precipitation and
temperatures from November to March.31 In Uganda, many
HCWs also observed peaks in snakebite cases in months

which corresponded to the rainy season.32 Other studies (in
Costa Rica and Ghana) found similar patterns of increased
snakebite incidents during the rainy season.33,34 In Kenya, the
findings were not congruent with the rainy season.35 In-
formation about snakebite incidents over themonths can help
authorities to anticipate on fluctuations in demand for treat-
ments and adjust stock accordingly.
Although a few studies have investigated snakebite patient

profiles in Kenya and other sub-Saharan African countries, to
our knowledge, there are no such studies in Uganda and
Zambia. Givenmost studies (including ours) are small scale, or
based on experience, the level of generalizable and wholly
reliable evidence is poor. Nevertheless, our findings largely
correspond to those findings in the literature: a study of
Kenyan case records showed roughly equal cases of males
and females, whereas clinicians believed males were more
likely to be bitten.27 Similar findings were also observed in
Ghana and South Africa.34,36

In our study, people aged 21–30 years were believed to be
most prone to snakebites. This again resonates with previous
research, which often finds highest incidence in relatively
young age-groups.27,34,36 Also, HCWs suggest farming to be
the most common activity performed at the time of the bite,
which supports other studies’ findings that it is people in rural
areas, dependent on agriculture for livelihood,whoaremost at
risk.13,34At the same time, thesepeople aremost vulnerable to
adverse health outcomes after snakebites because of poorer
access to quality health care in rural areas.14

This research underscores the paucity of HCW training on
snakebitemanagement: amere 8–16%ofHCWshad received
any training. A similar percentage was found in a study in
Cameroon (15%).37 Healthcareworkers’perspectives on their
knowledge about snakebite treatment also exposed serious
shortcomings. Although the questions in our research did not
measure actual knowledge on snakebite treatment, the low
numbers of trained HCWs and their own perceived lack of
knowledge and confidence are alarming; an adequate treat-
ment response canmean the difference between full recovery,
and permanent disability or even death.38 Snakebite man-
agement training should be given to all HCWs during initial
training as part of the curricula, and in service as continuing
professional development, especially in endemic areas.
Even if HCWs receive adequate training, there remains a

considerable chance that resources are not available at health
facilities. The health facilities in the sample mostly offered

TABLE 5
Type of antivenoms stocked in health facilities, per country and sector

Number of health facilities

Kenya Uganda Zambia

Public Private PNFP Public Private PNFP Public

N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Snake venom antiserum (African) 28 (87.5) 0 (0.0) 3 (75.0) 4 (100.0) 0 (0.0) 0 (0.0) 6 (75.0)
Manufactured by VINS Bioproducts Ltd.
SAIMR polyvalent snake antivenom 4 (12.5) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 1 (100.0) 1 (12.3)
Manufactured by South African Vaccine
Producers (PTY) Ltd

Inoserp PANAFRICAIN 2 (6.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Manufactured by INOSAN Biopharma
Unclear origin 0 (0.0) 0 (0.0) 1 (25.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (12.3)
PNFP = private not-for-profit; SAIMR = South African Institute for Medical Research.
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supportive treatment, with only a minority offering antivenom
as part of the treatment pathway. This is supported by the
finding of low antivenom availability, which remains a problem
in many sub-Saharan African countries. The lack of trust in
antivenomswe found among someHCWsmight be explained
by the overall lack of knowledge and the fact that ineffec-
tive antivenoms are regularly marketed and used in these
countries.10,15,39–42 For instance, only a few health facilities
across the countries had South African Institute for Medical
Research polyvalent snake antivenom manufactured by South
African Vaccine Producers (PTY) Ltd. available, which is seen as
the “gold-standard” antivenom.43 Most facilities stocked snake
venom antiserum (African) manufactured by VINS Bioproducts
Ltd.,whichonlyshowedsignsofpreclinicaleffectiveness forNaja
nigricollis (black-necked spitting cobra), and ineffectiveness for
other East and Southern African snake species such as Bitis
arietans (puff adders) andDendroaspispolylepis (blackmambas),
which are also found in Kenya, Uganda, and Zambia.43,44

Ineffective traditional treatment, for example, using a black
stone and tourniquets, is still sometimes offered by HCWs,
particularly at Zambian health facilities. Interestingly, previous
research in Cameroon showed that “pierre noire,” similar to
black stone, was believed effective for snakebite treatment by
64% of surveyed HCWs, whereas 37% believed use of tour-
niquets was recommended.37 Again, this is a training gap
which needs to be addressed, as offering these types of
treatments at health facilities can lead to negative health out-
comes. It can cause infections from the method itself, as well as
lead to a delay in providing appropriate medical care.45 Notably
high was the number of HCWs who thought most snakebite
patients sought traditional treatmentsbefore ahealth facility visit.
This type of health-seeking behavior leads to delays in seeking
appropriatemedicalcare,which incaseofenvenomingscan lead
to serious morbidity and death.46 Efforts should focus on en-
gaging and empowering communities through strategies which
improve their knowledge, attitudes, and practices on effective
prevention measures, first aid, and health-seeking behavior.
To gain a more in-depth understanding of snakebite in-

cidence and its health and socioeconomic impact on fragile
communities, it is vital to collect data from the community
perspective. Household surveys and qualitative studies,
which have been conducted in other countries, should also be
completed in Kenya, Uganda, and Zambia.47,48 In addition,
studies assessing availability and affordability of snakebite
treatment and barriers to access are needed to inform re-
source allocation and intervention development.
Although this study provides further insights into the

snakebite situation in Kenya, Uganda, and Zambia, limitations
should be noted. This research is based on data collected at
health facilities, whereas a substantial portion of snakebite
patients have limited access to health care and might instead
visit a traditional healer.8,14 It therefore only provides part of
the picture on the snakebite issue. In addition, although in-
formants includedwerepredominantly nursesandphysicians,
the fact that perspectives were obtained from just one in-
formant per facility poses a risk for respondent bias. Their
function in the facility, as well as the extent of their personal
experience with treating snakebites, and knowledge about
health facility resources andcapacitymayvary. Informationon
snakebites was collected retrospectively, which could have
incurred recall bias. Except for obtaining the exact number of
snakebite cases registered at the facilities, we did not make

use of registries to identify the profile of snakebite patients,
which might also have led to recall bias. Furthermore, with
surveys, there is always a risk of interviewer bias, with infor-
mants answering in such away that they think is desirable.We
aimed to mitigate this by ensuring questions were phrased
objectively, and theywere askedby the data collectors as they
are and not interpreted or paraphrased.
Data were collected consecutively in the three countries.

After feedback from local partners, some adjustments were
made, resulting in four differently phrased questions in the
three countries. Furthermore, knowledge on how to treat
snakebites was not tested, but the participants were asked to
reflect on it themselves. This should be taken into consider-
ation when looking at the numbers, as it is possible that the
participants under or overrated their knowledge.
Finally, the sampling strategy also has limitations. Sampled

regions included snakebite-endemic and non-endemic areas.
This strategy was chosen to obtain insight into the country’s
situation in general, and to ensure random sampling did not
include only endemic or non-endemic areas. In each survey
region, facilities were randomly sampled, and afterward strati-
fied per sector and location. As a consequence, the facilities
were not equally distributed across these strata: fewer private
and PNFP facilities were surveyed, as well as fewer urban lo-
cations than rural locations. However, this might provide a
better representation of the division of facilities across the
sectors and the snakebite-endemic locations. Snakebites oc-
cur more often in rural areas, and the public sector is the main
provider of health care in the three countries.2,49–51 In Zambia,
the 10 surveyed PNFP facilities were excluded as this sample
was too small to be representative.
In conclusion, this study shows that snakebites most often

affect agricultural workers of any gender in the age category
21–30 years, and that enormous gaps in snakebite care exist
as HCWs lacked training and equipment to properly manage
snakebites. To tackle this, an integrative approach including
community education, HCW training, and improved access to
snakebite treatment is vital. Regulations should also ensure
that antivenoms available in health facilities meet quality
control standards, and that snakebites are accommodated
into routine reporting systems to assess progress on snake-
bite treatment and management at the subnational and na-
tional levels. Snakebite envenoming, as a neglected tropical
disease, has long suffered from lack of attention. The burden
of disease still does not correspond with resources allocated
to research and health system strengthening for snakebites.
To make up the necessary ground, a significant increase in
resources is essential.
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