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ARTICLE INFO ABSTRACT

Handling Editor: Glenn King Snakebite envenoming is a life-threatening disease in humans and animals and a major public health issue in rural
communities of South-East Asia and sub-Saharan Africa. Yet the impact of snakebite on domestic animals has been

Keywords: poorly studied. This study aimed to describe the context, clinical features, treatment, and outcomes of snakebite

Snakebite

envenoming in domestic animals in Nepal and Cameroon. Primary data on snakebite in animals were recorded from
a community-based nation-wide survey on human and animal snakebite in Nepal and Cameroon (Snake-byte proj-

. L ect). Mobile teams collected data on snakebite in humans and animals in 13,879 and 10,798 households in Nepal
Ethno-veterinary medicine . . . . .
Antivenom and Cameroon respectively from December 2018 to June 2019. This study included 405 snakebite cases (73 in Nepal
One Health and 332 in Cameroon) in multiple types of animals. An interview with a structured questionnaire collected specific
information about the animal victims.

Snake bites in animals took place predominantly inside and around the house or farm in Nepal (92%) and
Cameroon (71%). Other frequent locations in Cameroon were field or pasture (12%). A large diversity of clinical
features was reported in all types of envenomed animals. They showed either a few clinical signs (e.g., local
swelling, bleeding) or a combination of multiple clinical signs. Only 9% of animal victims, mainly cattle and
buffaloes and less frequently goats, sheep, and dogs, received treatment, predominantly with traditional medi-
cine. The overall mortality of snakebite was 85% in Nepal and 87% in Cameroon.

Results from this nationwide study show an important impact of snakebite on animal health in Nepal and
Cameroon. There is a need for cost-effective prevention control strategies and affordable snakebite therapies in
the veterinary field to save animal lives and farmer livelihood in the poorest countries of the world. The WHO
global strategy to prevent and control snakebite envenoming supports a One Health approach, which may help
develop integrated solutions to the snakebite problem taking into account human and animal health.

Livestock
Community-based survey
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1. Introduction

Snakebite envenoming (snakebite) is an acute, potentially life-
threatening disease that affects both people and domestic animals.
Snakebite is a major human public health issue in rural communities of
South-East Asia and sub-Saharan Africa (Gutiérrez et al., 2017), yet the
understanding of the impact of this disease on domestic animals is very
limited. Veterinary literature is biased geographically and in terms of
the type of animals (Bolon et al., 2019). Most studies focus on pets (i.e.,
dogs, cats) and animals for leisure (i.e., horses) in the USA (Fielding
etal., 2011; Gilliam and Brunker, 2011; Witsil et al., 2015) and Australia
(Cullimore et al., 2013; Padula et al., 2016; Bamford et al., 2018), and to
a lesser extent in Europe (Anlén, 2008; Lervik et al., 2010; Sutton et al.,
2011; Turkovic et al., 2015), Middle-East (Segev et al., 2004), Latin
America (Koscinczuk et al., 2000), and South Africa (Leisewitz et al.,
2004). Although 70% of the world’s poor raise livestock (FAO, 2009),
the impact of snakebite on cattle, sheep, goats, pigs, etc. has been largely
neglected in snakebite endemic countries (Bolon et al., 2019). An
exception for this is Costa Rica, where snakebite and other animal at-
tacks cause about 11,000 cattle losses per year (National Institute of
Statistics and Census, 2019). Other Latin American countries have re-
ported snakebite in livestock including cattle and horses in Colombia
(Gomez et al.,, 2014) and cattle and sheep in Brazil (Mendez and
Riet-Correa, 1995; Tokarnia and Peixoto, 2006; do Rego Leal et al.,
2013). In India, a retrospective study done over 14 years, described the
clinical presentation of 98 cattle envenomed by viper snakes (Bhikane
et al., 2020). Swelling, bleeding at the site of the bite, and lameness were
the main clinical signs. The survival rate was 88% in these animals that
were all treated with polyvalent antivenom at a veterinary hospital
(Bhikane et al., 2020). Apart from this larger study, only a few clinical
case reports exist for snakebite in cattle in India and Pakistan (Farooq
et al., 2014; Kachhawa et al., 2016; Senthilkumar et al., 2018; Ali and
Arul, 2020; Arul et al., 2020), in goats and sheep in India (Sivaraman
et al., 2016; Prasanth et al., 2017; Sakhare et al., 2019; Venkatesakumar
et al., 2020), in pigs in Zimbabwe (Stewart, 1974), and poultry in
Nigeria (Onoviran et al., 1976; Lawal et al., 1992). Chapman et al.
(1998) also stressed the difficulty of gathering epidemiological and
clinical data on snakebite in livestock during a hospital-based survey
done in the Terai region in Nepal. The number of veterinarians and other
animal health care practitioners, as well as healthcare services and
epidemiological surveillance, are, in general, very limited in low and
middle-income countries (LMICs) where snakebite is endemic, particu-
larly in remote rural areas (Sen and Chander, 2003; Van den Bossche
et al., 2004). Snakebite is not a notifiable disease, therefore is not offi-
cially reported in humans nor animals, and the burden of this disease is
largely underestimated.

In line with the One Health framework proposed in Babo Martins
et al. (2019) and the current WHO road map on snakebite (WHO 2019),
the objective of this study was to describe the impact of snakebite in
domestic animals. We analyzed the context, clinical features, treatment,
and outcomes of snakebite in animals using primary data collected
through the first community-based, nation-wide survey on human and
animal snakebite in Nepal and Cameroon.

2. Methods
2.1. Data collection

Animal cases of snakebite were retrospectively recorded through a
nation-wide, community-based, One Health, epidemiological survey on
snakebite in Nepal and Cameroon (the “Snake-byte” project). The study
design is described in detail in Alcoba et al. (2021). In brief, the
Snake-byte project included a cross-sectional, multi-cluster, random
household survey that collected data on snakebite in humans and do-
mestic animals in 13,879 households in Nepal (Terai region) and 10,798
households in Cameroon, from December 2018 to June 2019. The
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Snake-byte project aimed primarily at assessing the impact of snakebite
on human and animal health including snakebite incidence, morbidity
and mortality. These data together with geo-spatial analysis will feed
predictive models to map local and sub-national snakebite hotspots and
accessibility to life-saving healthcare (e.g., antivenoms) to guide local
and national public health policies for improved prevention and control
of the disease. This paper focuses on the clinical veterinary aspects of the
project, including signs of envenoming in animals, health outcomes, and
treatment. The epidemiological data (i.e. incidence, geography, etc.) are
published in other articles.

The household survey was conducted by mobile teams guided by a
local community health worker, who could translate questions into the
local language whenever needed. Data were recorded on electronic
tablets using the KoBoCollect tool (Pham et al., 2019). Representatives
of all selected households were asked about the occurrence of snakebite
in the past year and human and domestic animal victims were included
only if the bite occurred during that time. Domestic animals (animals
hereafter) refer to livestock animals such as cattle, goats, sheep, pigs,
poultry, etc., and work animals such as horses, donkeys, guard and
shepherd dogs, etc., depending on each socio-ecological context in the
study areas.

2.2. Questionnaire survey

Where snakebite was reported for animals, the animal owner (owner
hereafter) further underwent an interview with a structured question-
naire to collect specific information on the animal victim. The ques-
tionnaire included questions on the circumstances of the snake bite
(allowing for case classification), the scene of the bite, the part of the
body that was bitten, the clinical signs, the resulting actions taken in
terms of health care (e.g., seeking veterinary or traditional care, type of
treatment administered), and the outcome of the snakebite (e.g., re-
covery, sequelae, death) (see survey questionnaire in supplementary
materials). The questionnaire included close-ended questions providing
a set of pre-defined responses. The respondent was allowed to propose
further details, which were recorded as free text. The pre-defined re-
sponses for clinical signs (e.g., swelling, bleeding, hypersalivation, pa-
ralysis, etc.) (see supplementary materials) were based on our previous
literature review on the impact of snakebite in animals (Bolon et al.,
2019). When more than one animal of the same type was bitten on the
same date in a given household (i.e. same episode), only one question-
naire was completed and the episode was counted as one snakebite case.
The owner was then asked to answer the survey in reference to the most
common answer in that group of animals. The questionnaire was
available in English for Nepal and in French and English for Cameroon.

2.3. Ethics statement

Ethics approval was obtained from the Comité National d’Ethique de la
Recherche pour la Santé Humaine in Cameroon (CNERSH, No. 2018/09/
1208), the National Health Research Council in Nepal (NHRC Reg.no.
585/2018), and the Commission Cantonale d’Ethique de la Recherche sci-
entifique in Geneva (CCER and Swiss Ethics Registry No. 2018-01331).

2.4. Data analysis

The raw data including 727 snakebite cases in animals were exported
from Kobo-toolbox™ (Harvard Humanitarian Initiative) to Excel
spreadsheets (Microsoft Corporation, USA) and then managed and
curated in R (R-Core-Team., 2020). Cases were classified according to
the description of the event provided by the respondent during the
survey. The snakebite was considered confirmed if the event was wit-
nessed, and clinical signs were consistent with snakebite envenomation
(e.g., swelling, bleeding, ptosis, hypersalivation, respiratory difficulties,
paralysis, or sudden death). The snakebite was considered probable if the
event was not witnessed but there was evidence of contact with a snake



Table 1

Distribution of snakebite cases in animals in Nepal and Cameroon by location of the snake bite event.

Scene of the bite

Types of animals in Nepal

Types of animals in Cameroon

Cattle & Buffalo Goat & Sheep Poultry Dog Total Cattle & Buffalo Horse & Donkey Goat & Sheep Pig Poultry Dog Cat Total
(n=15) (n=14) (n =43) (n=1) (n=173) (n = 35) (n=2) (n = 50) (n=11) (n = 207) (n=19) (n=28) (n =332)
n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%)
In the house/farm 10 (67) 6 (43) 33 (77) 0 (0) 49 (67) 4(11) 0(0) 1(2) 0 (0) 111 (54) 0 (0) 3(38) 119 (36)
Around the house/farm 2(13) 6 (43) 9 (21) 1 (100) 18 (25) 9 (26) 1 (50) 17 (34) 6 (55) 75 (36) 4 (21) 4 (50) 116 (35)
In a pen/stall/coop/stable 0 (0) 1) 0 (0) 0 (0) 1) 4(11) 0 (0) 2(4) 3(27) 13 (6) 0 (0) 0 (0) 22 (7)
In the field/pasture 1) 1) 1(2) 0 (0) 34 14 (40) 0 (0) 17 (34) 1(9) 4(2) 3(16) 0 (0) 39 (12)
In a plantation 0 (0) 0(0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 24 0 (0) 0 (0) 3(16) 0 (0) 5(2)
Close to a river 1™ 0(0) 0(0) 0(0) 1 0(0) 1 (50) 0 (0) 0 (0) 0 (0) 7 (37) 0 (0) 8(2)
In a forest 0 (0) 0(0) 0(0) 0(0) 0(0) 2(6) 0 (0) 0 (0) 0 (0) 1(0) 0 (0) 0 (0) 3
Unknown 1) 0 (0) 0 (0) 0 (0) 1) 2(6) 0(0) 11 (22) 109 3 2(11) 1(13) 20 (6)
w Table 2
Distribution of snakebite cases in animals in Nepal and Cameroon by part of the animal body bitten by the snake.
Body part bitten Types of animals in Nepal Types of animals in Cameroon
Cattle & Buffalo Goat & Sheep Poultry Dog Total Cattle & Buffalo Horse & Donkey Goat & Sheep Pig Poultry Dog Cat Total
(n=15) (n=14) (n=43) m=1) n=73) (n =35) m=2) (n =50) (n=11) (n=199) n=19) n=28) (n =324)
n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%)
Limbs 7 (47) 4(29) 37 0 (0) 14 (19) 28 (80) 2 (100) 27 (54) 6 (55) 60 (30) 6 (32) 4 (50) 133 (41)
Head, face, or neck 4(27) 3(21) 11 (26) 0 (0) 18 (25) 39 0 (0) 10 (20) 109 34(17) 9 (47) 1(13) 58 (18)
Abdomen or thorax 1™ 7 (50) 1(2) 1 (100) 10 (14) 2 (6) 0 (0) 6 (12) 2(18) 57 (29) 2(11) 0(0) 69 (21)
Udder 1) 0 (0) 0 (0) 0 (0) 1M 0(0) 0 (0) 0(0 0(0) 0(0) 0(0) 0(0) 0(0)
Tail 0(0) 0 (0) 0 (0) 0 (0) 0 (0) 1(3) 0 (0) 24 0 (0) 7 (4) 1(5) 0(0) 11 (3)
Unknown 2(13) 0 (0) 28 (65) 0 (0) 30 (41) 13 0 (0) 5(10) 2(18) 41 (21) 1(5) 3(38) 53 (16)
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Fig. 1. UpSet plots showing clinical signs of snakebite in cattle and buffalo, goat and sheep, and poultry in Nepal. The bar chart shows the number of snake-bitten
animals that exhibited some particular combination of clinical signs. Each bar is a different combination. The graphical table underneath shows what those com-
binations are. The bar chart to the left of the graphical table accounts for the frequency of each clinical sign.

(animal playing, fighting a snake, a snake found close to the animal) or
fang marks were found, and clinical signs were consistent with snakebite
envenomation. The snakebite was considered suspected if the event was
not witnessed, there was no evidence of contact with a snake and no
report of fang marks, but the animal victim was found alive or dead with
clinical or post-mortem signs consistent with snakebite envenomation.
Only confirmed and probable snakebites were included in the analysis.
Suspected snakebite cases were not included because the diagnosis of
snakebite was deemed too uncertain.

The analysis was descriptive and the frequency (%) of snakebite for
the variables studied (e.g., location of the snake bite, body part bitten,
treatment and outcome) was calculated for each type of animal bitten
for Nepal and Cameroon. Cases of snakebite in bovids, including cattle
and buffaloes, and equids, including horses and donkeys, were not dis-
aggregated during the survey, and results are jointly presented for these
groups in the results. Data on goats and sheep were collected separately
but finally combined in the analysis since these animals are all small
ruminants. Odds Ratio (OR) was used to measure the association be-
tween treatment and outcome with OpenEpi (Dean et al., 2013). Upset
plots were produced with the UpSetR Shiny App (Lex et al., 2014).

3. Results
3.1. Scene of the snake bite

In total, there were 405 confirmed and probable snakebite cases
including 73 cases in Nepal (43 poultry, 15 cattle or buffaloes, 14 goats
and sheep, and one dog) and 332 cases in Cameroon (207 poultry, 50
goats and sheep, 35 cattle or buffaloes, 19 dogs, 11 pigs, 8 cats, and 2
horses or donkeys).

The bite to the animals occurred in various locations, including the
owner’s house or farm, the animal shed, or the field or pasture. Yet, for
all types of animals combined, the great majority of snake bites took
place inside and around the house or farm in Nepal (92%) and Cameroon
(71%) (Table 1). Cases observed in field or pasture represented 12% of
cases in Cameroon and only 4% in Nepal. In Cameroon, the reported
locations per type of animals were more diverse than in Nepal with
field/pasture being predominant in cattle and buffaloes (40%) and as
frequent as around the farm in goats and sheep (34%).

3.2. Clinical features of snakebite in animals

3.2.1. Part of the animal body bitten by the snake
Animal victims were bitten by snakes in diverse parts of their body



L Bolon et al. Toxicon: X 9-10 (2021) 100068

10 8
Cattle & Buffalo Goat & Sheep s N,
2 2 55
@ . ) 50,
< 1 <
2 2
E E
3 25
1111111111 11111111111
0 )
Drooping_eyelid ¥ Lethargy_depression
= |ethargy depression = Drooping_eyelid
=mm Respiratory_difficulties — Paralysis
S— LParaIyS|s — Lameness I E
— ameness 4
mmmm— Staggering_trembling — Blgedlng ) °
— Bleeding ° = Staggering_trembling
Hyp ivation 0: I E m——— | ocal_swelling [ I
e |ocal_swelling ° Hyp o o
Ps 20 15 10 5 0 30 20 10
Set Size Set Size
51
Poultry Pig
404
2 2
1z 1z
8 s
s s
z 5
Drooping_eyelid I Drooping_eyelid
1 Lameness | Paralysis
® Lethargy_depression o | Lameness
- Paralysis ° mm |ethargy_depression I
mmmm | ocal_swelling ° mm  |ocal_swelling
= Hypersalivation I I . i s Hypersalivation °
— Bleeding .o L] Bleeding ° I
——— Staggering_trembling @ —— Staggering_trembling o
8 60 40 20 0 6§ 4 2 0
Set Size Set Size
Dog Cat
2 2
2 @
< <
e 2
E E
I Drooping_eyelid | Drooping_eyelid
== Respiratory_difficulties | Paralysis
- Lameness
== | ethargy_depression ° ! Lameness
— Paralysis | Lethargy_depression
— Staggeringilre_mbling I — Hypersalivation
—— Loglaeléding ° = I Staggering_trembling L] I
Hypersalivation ° —— Bleeding .
IS . = = 4
Set Size Set Size

Fig. 2. UpSet plots showing clinical signs of snakebite in cattle and buffalo, goat and sheep, poultry, pig, dog, and cat in Cameroon. The bar chart shows the number
of snake-bitten animals that exhibited some particular combinations of clinical signs. The graphical table underneath shows what those combinations are. The bar

chart to the left of the graphical table accounts for the frequency of each clinical sign.

including a limb, head-neck area, abdomen, or thorax. Large animals (e. site of the bite was also frequently unknown. Dogs were predominantly
g., cattle, buffaloes, horses, and donkeys) were mostly bitten on a limb bitten on the head-neck area (47%) or a limb (32%), while for cats this
(Table 2). Besides, the limb and head-neck area, abdomen and thorax was the opposite (50% of bites reported on a limb and 13% on the head-
were common bite sites in goats, sheep, pigs, and poultry. In poultry, the neck area). Animals were only occasionally bitten on the udder or tail.
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3.2.2. Clinical signs of snakebite in animals

A diversity of clinical signs were reported in animals affected by a
snakebite. The distribution of these signs with their co-occurrence is
shown in Fig. 1 for Nepal and Fig. 2 for Cameroon. In Nepal, the clinical
signs most commonly observed in all types of animals were local
swelling alone or combined with bleeding (Fig. 1). The animal victims
also showed diverse combinations of other signs like lethargy-
depression, drooping eyelids, hypersalivation, and respiratory diffi-
culties. The case of snakebite in a dog showed bleeding, lethargy-
depression, paralysis, and hypersalivation.

In Cameroon, besides local swelling and bleeding, other signs like
hypersalivation and staggering-trembling were also commonly reported,
with approximately half of the animals showing only one or two of these
four signs (Fig. 2). A large diversity of clinical sign combinations was
observed in the other half of the animals. In the two horse/donkey cases
local swelling alone or combined with bleeding were reported.

Hypersalivation and respiratory difficulties could result either from
pharyngeal paralysis due to a neurotoxic envenomation or from upper
airway obstruction caused by excessive swelling following a bite in the
head and neck region as reported in cattle, goats, and dogs (Leisewitz
et al., 2004; Smith et al., 2015; Altug and i§1er, 2019). We examined the
site of the bite of the 11 animals in Nepal having at least one of these two
signs. They were bitten on a limb (n = 6), the thorax-abdomen (n = 2),
the head and neck area (n = 1), or on an unknown site (n = 2). In
Cameroon, the 104 animals showing hypersalivation and/or respiratory
difficulties were bitten on a limb (n = 47), head and neck area (n = 20),
thorax-abdomen (n = 13), tail (n = 8), or on an unknown site (n = 16).

In both countries, owners reported clinical signs other than the op-
tions provided in the questionnaire, particularly in poultry. In Nepal,
they observed a dark blue colour developed in the whole body (n = 5),
bleeding and necrosis at the bite site (n = 2), a yellowish appearance (n
= 1), or restlessness (n = 1). In Cameroon, other clinical signs in poultry
included a black colour of the bitten spot (n = 22), a brick red colour of
the skin (n = 4), a blood clot in the bitten area (n = 2), or the sudden
death of the animal victim (n = 12). Vomiting was reported in sheep (n
= 1) and dogs (n = 2), and urination in a cat.

In seven poultry cases in Nepal and eight in Cameroon (including
seven chicks), no clinical sign was reported because the animals were
eaten by the snake (i.e. predation).

3.3. Treatment

A total of six (8%) animal victims in Nepal and 31 (10%) in
Cameroon received some kind of treatment after a snakebite. The only
types of animals to be treated were ruminants and dogs. Cattle and
buffaloes were the animals most frequently treated, as 40% of them in
Nepal and 51% in Cameroon received treatment. The treatment mo-
dalities of animal victims are shown in Table 3.

In Nepal, a traditional healer or an animal health service provider
administered the treatment, while in Cameroon this was predominantly
done by a traditional healer, the animal owner, or an owner’s family
member (94% of snakebite cases) with rare involvement of a veteri-
narian (6% of animal cases). Traditional healers, owners, and family
members used a diversity of traditional medicines (e.g., herbs, blood-
letting). On the contrary, the veterinarian administered modern medi-
cine (i.e. antibiotics). The animals were predominantly treated with
herbs (n = 3, 50% in Nepal and n = 19, 61% in Cameroon). No animal
received snake antivenom therapy after a snakebite.

3.4. Outcome

The vast majority of the animals died as a consequence of the bite
(85% in Nepal, 87% in Cameroon) and 1% of the animals in Nepal and
4% in Cameroon were slaughtered (Table 4). Death was less frequent in
cattle and buffaloes (73% in Nepal, 63% in Cameroon) than in other
types of animals. The surviving animals either fully recovered (5% in
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Nepal and Cameroon) or recovered with lameness (1% in Cameroon) or
the loss of a body part (0.3% in Cameroon). The number of animals that
recovered without being treated (n = 7) was too small to assess the as-
sociation between clinical signs and outcome.

In Nepal, two out of the six (33%) animals that were treated sur-
vived, and 15 out of 31 (48%) in Cameroon. We investigated the asso-
ciation between snakebite treatment and outcome in ruminants in
Cameroon. Among the ruminants with a snakebite that were not
slaughtered (n = 80), 24 had been treated (either with herbs (16),
antibiotic (2), bloodletting (1), a combination of treatments (1) or an
unknown treatment (4)). These animals were more likely to recover than
those that were not treated (50% vs 7%, OR = 12.44 [95% CI
3.53-51.741]). This result was also significant when taking into account
only the ruminants treated with herbs (OR = 12.3 [95% CI
3.04-57.071). To explore the possibility that treated animals recovered
because they had fewer clinical signs (e.g., only local swelling) we
compared the number of clinical signs in treated and non-treated ru-
minants; 46% treated ruminants and only 27% non-treated ruminants
showed three or more clinical signs. Thus, the treatment, and especially
herbs, had a significant effect on the recovery of ruminants from
snakebite even when those treated had on average more clinical signs.
The number of animals treated in Nepal was too small to do this analysis.

4. Discussion

To our knowledge, this is the first nation-wide and community-based
snakebite study that comprehensively describes clinical signs, treat-
ments, and health outcomes of snakebite in animals in endemic LMICs in
Asia (Nepal) and sub-Saharan Africa (Cameroon). The breadth of this
study, including 405 cases of snakebite in 10 types of animals, is un-
precedented. A wide diversity of clinical manifestations, similar to those
often described in humans, was reported in all animal groups with an
overall mortality rate of 85% in Nepal and 87% in Cameroon. Only 8%
of animal victims in Nepal and 10% in Cameroon, mainly ruminants and
dogs, were treated with traditional or modern medicine.

4.1. Scene of the snake bites and prevention of snakebite in livestock

We found that the snake bite in animals mainly occurred inside or
around the house or farm, which coincides with snakebite cases in
humans. For example, in South-East Asia, 59.2% of snake bite in humans
occurs inside and around human habitations (WHO, 2016). In
Cameroon, and to a smaller extent in Nepal, field and pasture were also
common locations of snakebite to animals (in 40% of cattle and buf-
faloes cases and 34% of goat and sheep cases). Snakes were seen by
livestock herders in these snakebite cases, which also puts them at risk of
snakebite while accompanying their animals in the field. In fact,
epidemiological studies of snakebite in humans in Cameroon (Chippaux
et al., 2002; Einterz and Bates, 2003) and other sub-Saharan African
countries (e.g., Kenya, Nigeria, and Tanzania) (Warrell and Arnett,
1976; Habib et al., 2001; Kipanyula and Kimaro, 2015; Ochola et al.,
2018) showed that pastoralist activities are often associated with snake
encounters and snakebite.

Prevention of snakebite in livestock can be improved by underpin-
ning production practices with a better understanding of the behaviour
of locally present snakes. Measures such as a regular check of barns for
rodents and snakes, rodent population management, regular cleaning of
the barns and surrounding areas, including removing of any waste food,
keeping the grass short or any vegetation surrounding animal premises,
and using light when an animal is walked out of the barn at night could
be important in the prevention of snakebite in livestock (Joshi et al.,
2018). Such prevention practices are particularly relevant during
flooding events, the rainy season, and harvesting seasons (Joshi et al.,
2018; Bolon et al., 2019; Ochoa et al., 2020). Importantly, such mea-
sures can reduce snakebite risk in both people and their animals (WHO,
2016).
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Household poultry farming seems particularly problematic because
hens, chicks, and eggs are potential prey for snakes (e.g., Naja sp). Most
snakebite cases were reported in poultry in both study countries, with
farmers often witnessing snakes swallowing chicks and hens. Lawal et al.
described 21 cases of snakebite in poultry involving five farms in
Nigeria. Hens incubating eggs were the most affected, and eggs and
chicks were predated (Lawal et al., 1992). The responsible snake was
suspected to be a cobra. In Maharashtra in India, attack by snakes was
the second most frequent problem reported by a sample of 240 backyard
poultry owners (Khandait et al., 2011). Poultry production should
therefore consider the presence of snakes and include risk-mitigation
strategies such as securing the coop with a narrow mesh, raising the
floor of the coop, and frequently collecting eggs.

Raising snakebite awareness in farmers, particularly small-holders,
including information on the behaviour of relevant snake species as
well as information generated by studies such as this namely on sea-
sonality and scene of the bite, will be key in prevention programs for
snakebite in livestock.

4.2. Part of the body bitten specific to the type of animals

Cattle and buffaloes were mostly bitten on the limbs in both Nepal
and Cameroon. This is in agreement with a study of 98 cattle bitten by
snakes in India (Bhikane et al., 2020) and suggests that most often the
bite happens when the animal accidently stepped on the snake. Since
goats, sheep, and pigs are smaller animals, they were also bitten on the
abdomen and thorax. There are few case reports on snakebite in small
ruminants, but bites to these body parts were also reported in sheep in
Brazil (Mendez and Riet-Correa, 1995) and goats in India and the US
(Smith et al., 2015; Sivaraman et al., 2016). The head, limbs, or thorax
were bitten in poultry as reported by Lawal et al. (1992). The predom-
inance of bites to the head in dogs, which may result from their
inquisitive behaviour, and to limbs in cats is in agreement with previous
studies (Bolon et al., 2019).

4.3. Diversity of clinical signs

The clinical features of snakebite observed in animals were diverse in
Nepal and Cameroon. The fact that snakebite data was collected across
the country could explain this diversity. Nepal and Cameroon have a
rich snake fauna with 14 medically important venomous snake species
in Nepal and 17 in Cameroon (WHO, 2010). These species include both
elapid and viperid snakes like cobras (Naja spp.) and kraits (Bungarus
spp.) found throughout Nepal’s Terai, and Russel’s viper (Daboia russelii)
occurring in southern Terai (Sharma et al., 2013). The forest cobras
(Naja melanoleuca) and Gaboon vipers (Bitis gabonica) are particularly
abundant in south-west Cameroon, and the northern region is domi-
nated by the carpet viper (Echis ocellatus) (Gonwouo et al., 2005).

Snake venoms are highly diverse and their composition varies be-
tween species (Casewell et al., 2020). Viperid venom predominantly
causes cytotoxicity (progressive swelling and tissue necrosis) and
hemotoxicity (haemorrhage and coagulopathy), whereas elapid venom
causes neurotoxicity (progressive paralysis) (Leisewitz et al., 2004;
Gilliam and Brunker, 2011; Gutiérrez et al., 2017). Local swelling and
bleeding were often observed in envenomed animals in our study, as it
was also the case for cattle and goats envenomed by viperid snakes in
India (Arul et al., 2020; Bhikane et al., 2020; Venkatesakumar et al.,
2020). We also found clinical features suggesting neurotoxic bites (e.g.,
neurological signs like ptosis, paralysis, and hypersalivation or respira-
tory difficulties not associated with a bite on the head-neck region).
Neurotoxic envenoming is poorly documented in livestock in LMICs, but
similar neurological signs have been reported in two cows with sus-
pected cobra bites, one in Pakistan and one in India (Farooq et al., 2014;
Kachhawa et al., 2016). In addition, envenoming signs can vary between
snake species of the same family (Viperidae or Elapidae). For instance, in
Australia, where all medically important venomous snakes are elapids, a
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range of clinical syndromes has been reported for envenomed dogs, cats,
and horses depending on the snake species (Padula et al., 2016). The
body part bitten and the quantity of venom injected may also explain the
diversity of signs reported.

4.4. The challenge of treating snakebite in animals

Owners sought treatment for a limited number of snakebite cases,
particularly for ruminants (e.g., 40% of cattle and buffalo cases in Nepal
and 51% in Cameroon) and dogs, and mainly relied on traditional
medicine (e.g., herbs). Traditional medicine is often the only option to
treat snakebite because livestock owners have limited access to veteri-
nary healthcare services. In addition, antivenoms are in short supply in
Nepal and Cameroon, particularly in rural areas, and too costly for often-
impoverished farmers (Einterz and Bates, 2003; Difo et al.,, 2005;
Shrestha et al., 2017; Tchoffo et al., 2019).

Traditional medicinal plants have been used to manage snakebite
envenoming in livestock across South-East Asia (Phondani et al., 2010;
Malla and Chhetri, 2012; Shrivastava et al., 2017; Suroowan et al., 2017;
Ullah et al., 2017) and sub-Saharan Africa (Ismaila and Adamu, 2012;
Tamiru et al., 2013; Setlalekgomo, 2015; Dinbiso et al., 2020; Dzoyem
etal., 2020). We found an association between treatment with herbs and
snakebite recovery in ruminants, yet, cases were collected retrospec-
tively so subject to numerous biases and potential confounding factors,
like the severity of the envenomation. Although ethno-veterinary med-
icine (i.e. the scientific term for traditional animal health care) has been
used for centuries (Menegesha, 2020) and many medicinal plants have
shown antivenom effects in vitro and in mice (Yirgu and Chippaux,
2019), the use of these traditional practices lacks scientific validation
with prospective and randomized studies (WHO, 2013).

Antivenoms are currently the only effective and scientifically vali-
dated antidotes for snake venom. They have been used successfully to
treat snakebite in cattle in Costa Rica (Rodriguez et al., 2016), and
cattle, goats, and sheep in India (Kachhawa et al., 2016; Sivaraman
et al., 2016; Senthilkumar et al., 2018; Sakhare et al., 2019; Ali and Arul,
2020; Arul et al., 2020; Bhikane et al., 2020; Venkatesakumar et al.,
2020). However, the time between the bite and antivenom administra-
tion is critical and affects treatment efficacy in animals (Rodriguez et al.,
2016; Bhikane et al., 2020). In Costa Rica, a significant number of
Bothrops asper bites in cattle occurred at night (Rodriguez et al., 2016;
Herrera et al., 2017), and cattle often die within hours after bites. This
has prompted the development of a toxoid vaccine that extends the
window for antivenom administration and increases the likelihood of
survival (Herrera et al., 2017).

Therefore, when veterinary services and antivenoms are available,
bitten animals should be rapidly brought to veterinary attention. How-
ever, lack of access to safe and effective antivenoms is a major issue in
LMICs, and one of the priorities of the WHO global strategy for snakebite
is to address this antivenom supply crisis (WHO, 2019). The issue of
access to antivenoms in the veterinary sector in LMICs should be
addressed in parallel or once access for humans is secured. The
centralization of antivenoms for animal care in one location per district
instead of having vials in many centers may facilitate stock manage-
ment. The possibility of an exceptional dispensation for using expired
antivenoms in animals if no other supplies are available and instead of
discarding vials after expiry in hospitals could also be explored. In vitro
studies showed that expired antivenoms maintain their activity for up to
15-20 years after their expiry date (O’Leary et al., 2009, Sanchez et al.,
2019). They have been used to treat envenomed dogs and cats in
Australia, the UK, and Switzerland with no increased side effects
(Swindells et al., 2006; Sim, 2014; Fuchs et al., 2017).

Promising novel therapies (i.e. new molecules, toxin antagonists or
inhibitors) are being developed to counteract or delay the pathological
effects of venoms (Albulescu et al., 2020; Gutiérrez et al., 2020). They
are especially interesting as they may be administered orally to victims
in the absence of trained healthcare staff. They could be made available
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Recommendations

e Academic researchers and public health authorities should acknowledge and further assess the communities’ capabilities at identifying
snakebite in domestic animals. Participatory research involving animal owners could generate new and contextualized knowledge for
improved and more easily applied snakebite preventive measures.

e Educational programs on primary prevention of snakebite should take a systemic One Health approach and consider both human and animal

exposure to snakes and snakebite risk. This will minimize the risk of snakebite in all species.

Epidemiological research on snakebite in humans should collect data on the circumstances of the bite more granularly (e.g., refine “agri-

cultural activities” or “farming”). This could help better understand the type of human-domestic animal interface and interactions that lead to

human-snake encounters, and identify new primary preventive measures of snakebite for both animals and humans.

e Enhancing production systems with prevention measures for snakebite and better access to snake antivenoms, ancillary treatments, and novel
therapies (specific antagonists, monoclonal antibodies) to treat snakebite in animals in LMICs could save animal lives, improve health out-
comes and prevent livelihood losses. In line with the WHO global strategy for snakebite, national and regional human and veterinary health
authorities should work together for better integration of animal health in the sub-national or national health plans for snakebite prevention
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and control.

for veterinary medicine before human medicine because approval and
registration of pharmaceutical products are faster in animal than human
health (Delaveau, 2011).

4.5. High mortality due to snakebite

We found high mortality in envenomed livestock in Nepal and
Cameroon. Our global scoping review showed mortality due to snake-
bite above 47% in half of the publications on snakebite in livestock
(Bolon et al., 2019). Lawal et al. reported mortality of 87.5% in enve-
nomed poultry in Nigeria (Lawal et al., 1992). These animal losses may
have an important impact on the livelihood of farmers because herd size
is often small and these rural communities are strongly dependent on
their animals for food provision and income generation (Chapman et al.,
1998; Otte and Chilonda, 2002; Maltsoglou and Taniguchi, 2004). We
are currently quantifying this economic impact in Nepal and our pre-
liminary results show that most households with animal snakebite cases
reported livelihood losses. Depending on the animal type and produc-
tion function, reported losses represent a significant proportion of the
income of rural Nepali households and even surpass the average
monthly earnings for rural households in the case of large ruminants.

Finally, the suspected snakebite cases collected in the Snake-byte
project were not included in this study. However, their number (n =
322) illustrates that snakebite in animals is certainly underestimated
and that more research and veterinary diagnostic capacities are required
to assess the true burden of snakebite in animals.

4.6. Study limitations

This study has several limitations. First, data on snakebite in animals
was collected retrospectively through a cross-sectional method, so is
subject to recall bias and we did not validate the responses given by the
owners. Yet, this potential bias was minimized by the short period
studied (previous 12 months). Also, snakebite in livestock animals is a
significant event when the herd size is small and there is a risk of animal
death and income loss. However, we cannot exclude that owners may
have preferentially recalled snakebite cases in animals when the impact
on animal health was severe. This could explain the high mortality
attributed to snakebite in animals. Second, we provided predefined re-
sponses for clinical signs, which may have predisposed the response of
the interviewees. However, for each question, we also offered the pos-
sibility for the interviewee to add further comments to complement the

predefined options. This may have minimized this potential bias. Third,
the clinical signs were reported by the owners and could not be verified
by veterinary examinations. However, the clinical signs proposed in the
questionnaire (e.g., swelling, bleeding, lameness, etc.) are signs easy to
visualize in animals in general (Joshi et al., 2018). Fourth, we cannot
exclude that some clinical signs may have been missed by the owner
either because they have gone unnoticed (e.g., ptosis, respiratory diffi-
culties) or occurred at night in a dying animal (e.g., paralysis caused by a
neurotoxic bite). In addition, we did not ask owners to report the extent
of the swelling, which could be a clinical criterion for snakebite severity
as reported in horses (Tirosh-Levy et al., 2017).

5. Conclusion

Snakebite in domestic animals is a significant yet neglected problem
in LMICs. This countrywide community-based study comprehensively
describes clinical signs, treatments, and health outcomes of snakebite in
ten types of animals in Nepal and Cameroon. We showed that snakebite
causes a diversity of clinical manifestations in all types of livestock an-
imals and high mortality. Owners rarely seek treatment for animals
bitten by snake and predominantly use traditional medicine, probably
due to the lack of antivenoms or their high costs. There is a need for
snakebite prevention strategies and affordable therapies in the veteri-
nary field because snake antivenom production is currently prioritized
for human use. Finally, this study highlights snakebite as a health
problem occurring at the human-snake-domestic animal interface in
endemic countries. Snakebite preventive measures should take into ac-
count the entire rural agro-ecosystem, including humans, domestic an-
imals, and snakes using a systemic One Health approach. This aligns
with the WHO global strategy for prevention and control of snakebite
who emphasizes the need for a One Health approach to snakebite (WHO
2019).
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