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Abstract

Background

Published information on snakebite is rare in Bhutan although remarkably higher number of
snakebites and associated deaths are reported from other South Asian countries.

Aims and methodology

Structured questionnaire was used to collect knowledge of health workers in snakebite man-
agement and health seeking behavior of snakebite victims as observed by health workers.
Study was conducted in purposively sampled 10 Dzongkhags (district level administrative
units) with higher incidence of snakebites.

Result

Heath workers scored 27-91% (with an average of 63%, SD = 14) for 52 questions related
to snake identification and snakebite management. Among 118 health workers interviewed,
23% had adequate knowledge on snakes and snakebite management while 77% had inade-
quate knowledge. Among 32 Doctors, 63% of them scored above or equal to 75%. Health
workers from Sarpang scored higher (76%, SD = 11) than those from other Dzongkhags.
Snakebite victim’s visit to local (traditional) healers prior to seeking medical help from hospi-
tal was observed by 75 (63%) health workers. Fifty one percent of health workers observed
patients treated with local methods such as the use of black stone called Jhhar Mauro
(believed to absorb snake venom), application of honey, rubbing of green herbal paste
made up of Khenpa Shing (Artemisia myriantha Wallich ex Besser var. paleocephala
[Pamp] Ling) and consumption of fluid made up of Neem leaf (Azadirachta indica Juss). Use
of tight tourniquet as a first aid to snakebite was observed by 80% of the health workers.
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Conclusion

Health workers lack confidence in snakebite management. Snakebite victims are likely to
suffer from harmful local practices and traditional beliefs on local treatment practices.
Empowering health workers with adequate knowledge on snakebite management and mak-
ing locals aware in pre-hospital care of snakebites are needed to improve the pre- and in-
hospital management of snakebite in Bhutan.

Author summary

Snakebites affect people globally including Bhutan and snakes are source of fear and
excitement. Major proportion (62.7%) of Bhutanese population who thrive on agro-farm-
ing, rearing livestock, and searching forest products are at risk of snake envenomations.
Deaths due to snakebites are dependent upon use of first aid type, provisions available
with the health facilities, and health seeking behaviors of snakebite victims. This multi-
center study was conducted to assess the level of knowledge of health workers and its asso-
ciation with their demographic features and health seeking behavior of snakebite victims
as observed by health workers using investigator administered structured questionnaire.
We included 12 hospitals and a Basic Health Unit (BHU) from 10 snakebite prone Dzong-
khags with 962 (84%) snakebites from January 2013 to December 2017 in the country.
Among 118 health workers interviewed, 27 (23%) had adequate level of knowledge with
remaining 91 (77%) having inadequate knowledge. Male health workers and Doctors had
better level of knowledge than other study groups. Health workers from Sarpang scored
higher compared to those from other Dzongkhags. A total of 42% (n = 50) health workers
scored below 60% (31 or less correct responses for 52 questions), which demands require-
ment of training and inclusion of practice-oriented courses in training curriculum of
health professionals for snakebite management. Often, use of traditional medication and
less frequent adherence to WHO recommended first aid measures was observed by 5% (n
= 6) respondents. The adoption of non-recommended treatment practices seems to delay
proper treatment resulting in gangrene and associated complications.

Introduction

Rural, agro-based livelihood of Asian and African community contributes to increased snake—
human interactions [1]. World Health Organization (WHO) Guidelines [2] define snakebite
as an environmental and occupational disease. Retrospective studies [3,4] from Bhutan sup-
ports the statement. Maintenance of the health of farmers and their families often termed
"rural health" has assumed increasing importance in most South Asian countries. The sustain-
able development goal number two (basic health rights for all) cannot be achieved without
ensuring the health and safety of people associated with snakebite risks. In Bhutan, 62.7% of
the population depends on self-subsistent agriculture [5]. The country has 70.1% of its land
area under forest cover [6]. It houses 69 species of snakes representing five families (Colubri-
dae, Elapidae, Pythonidae, Typhlopidae, and Viperidae), nine neurotoxic elapids (Bungarus
bungaroides Cantor, B. caeruleus Schneider, B. fasciatus Schneider, B. lividus Cantor, B. niger
Wall, Naja kaouthia Lesson, N. naja Linnaeus, Ophiophagus hannah Cantor, and Sinomicrurus
macclellandii Reinhradt [7-9]), and eight hemotoxic vipers (Daboia russelii Shaw and Nodder,
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Gloydius himalayanus Gunther, Ovophis monticola Gunther, Protobothrops himalayanus Pan,
Chettri, Yang, Jiang, Wang, Zhang and Vogel, Protobothrops jerdonii Gunther, Trimeresurus
albolabris Gray, T. erythrurus Cantor, and T. popeiorum Smith [7,9,10]). Genera Boiga, Chryso-
pelea and Rhabdophis in Colubridae family have potential to cause health complications fol-
lowing their bites [11]. Published source reported that Bhutan use Indian polyspecific
antivenom for management of snakebites [4].

In Bhutan allopathic and indigenous government-financed medical systems provide free
healthcare facilities in 211 Basic Health Units (BHU), 52 sub-posts, 551 Outreach Clinics
(ORCs) at primary level, 26 hospitals at secondary level, three referral hospitals at the tertiary
level, and 61 Traditional Medicine units and one national Traditional Medicine hospital.
There are 345 clinicians providing allopathic medicines and 55 indigenous physicians
("Drungtshos") providing indigenous medical facilities spread across the country [12].

A retrospective study from the Central Regional Referral Hospital in Gelephu, Sarpang
gives insight about demographic features of snakebite victims from 2013-2016 [4]. Based on
the medical registers, the annual health bulletin from Bhutan [3] summarizes annual snake-
bites in between 2013 to 2018. This summary results an average of 221 snakebites and one
snakebite caused death annually in Bhutan [3].

Time to access hospital care and anti-snake venom serum (ASVS) administration after bite
play a vital role in saving the life of a snakebite victim [2,13-17]. Competence of the health
workers (Doctors, Nurses, and Emergency Medical Technician) to correctly identify venom-
ous snake, the features of venomous bites, administration of appropriate first aid measures,
ASVS administration in medical setup and airway or ventilation are essential in the survival of
envenomed cases [16-18].

The behavior of rural Bhutanese communities in managing the snakebite cases following
snakebites and existence of snakebite treatments through local methods was still unknown.
Presence and practices of traditional healers who provide Tantrik and herbal medications in
remote areas of Bhutan have not been documented till date. Reciting of mantras, use of herbal
medicines, and other practices by rural people despite having access to medical facilities seem
unabated. Such practices need scientific validation in reducing snakebite related health risks.
Lack of literature or ignorance on snake and snakebite management practices are barriers to
reduce snakebite mortality [16]. Literature on snakebite management practices in Bhutan are
scarce. Therefore, this study aims to report knowledge of medical personnel on snakebite man-
agement including snake identification and behavior of snakebite victims in snakebite man-
agement in Bhutan.

Methods

We conducted multi-center study to access level of knowledge of health workers using struc-
tured questionnaire (S1 File). Three surveyors were employed for data collection, two trained
surveyors; one each for Samtse and Sarpang were hired to administer the question and record
the responses. Principal investigator (PI) administered and recorded responses from other
eight dzongkhags. Survey was conducted in English as the respondents were literate and
passed their course studying in English medium school. English is one of the official languages
used for administrative communication in Bhutan. Questions were related to key features of
identifying common venomous snakes reported in Bhutan, use of first aid for snakebite, labo-
ratory test for snakebite diagnosis, signs and symptoms of snakebite and probable complica-
tions after injecting ASVS. Association of their knowledge with demographic features was
evaluated. Health seeking behavior of snakebite victims as observed by health workers using
structured questionnaire were also recorded.
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Health workers were asked to decide on displayed snake as venomous or non-venomous
based on visual appearance and physical position in photograph. Most of the health workers
decided the nature of snakes based on appearance and size in photographs. They were also
inquired about the conditions of snakebite victims who reported to the hospitals.

We purposively included 12 district hospitals (from a total of 20 districts, including the cen-
tral and eastern referral hospital), a general hospitals, and a Basic Health Unit (BHU) from 10
snakebite prone Dzongkhags (Samtse, Chhukha, Sarpang, Wangdue Phodrang, Punakha,
Trongsa, Mongar, Trashigang, Pemagatshel and Samdrup Jongkhar). These district hospitals
reported 962 (84% of total snakebite burden) snakebite cases from January 2013 to December
2017 in the country (Fig 1, S1 Table). Dzongkhag hospitals were included as snakebite cases
are primarily referred there from BHUs. Further, complicated cases are referred to the
Regional Referral and National Referral Hospitals.

Study design

We interviewed all health workers involved in In-Patient Ward (IPD) and Emergency Ward of
a BHU, Dzongkhags, General and Referral hospitals. We administered questionnaire to assess
the knowledge of health workers based on their experience of caring snakebite patient at hospi-
tals. Recently published snake fauna diversity in Bhutan [7,9], a study from Bangladesh [19],
relevant publications [15, 17], and WHO guidelines for the treatment of snakebites [1,13]

were referred to prepare the questions. Health workers were enquired for their on duty obser-
vations of any local or traditional treatment sought by snakebite victims prior to visiting the

hospital.
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Fig 1. Study Dzongkhags with average annual percent of snakebite cases reported in each Dzongkhag per year in Bhutan.

https://doi.org/10.1371/journal.pntd.0008793.9g001
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Each question had two to four distractors and a correct option. A score of 2 was given to
every correct and zero to incorrect response. For questions on signs and symptoms, laboratory
tests, and complication after injecting anti-snake venom to snakebite victims; a score of 2 for
correct response, 1 for acceptance on provocation by interviewer and zero for rejection or no
idea were awarded. The question also focused on the observation made by the health workers
on the local/traditional treatment sought by the snakebite victims before reaching hospital in
addition to the option such as the use of pressure bandage and immobilization of limb with
splint.

Statistical method

Scores for individuals were recorded and summed in MS Excel spreadsheets. The resulting
sum ranging 75%-100% were interpreted as health workers having adequate knowledge and
those with less than 75% as inadequate knowledge. Association between knowledge and socio-
demographic features of health workers were analyzed using IBM SPSS trial version.

Observational response of health seeking behavior of snakebite patients were reported with
the cumulative frequency. WHO recommended first aid, visiting local healers for ethno-medi-
cal help, and other traditional practices were considered responses for treatment seeking
behavior. Responses in agreement to WHO guidelines were given the score of 1 and the rest 0.
The frequencies were summed.

Inclusion and exclusion criteria

We selected nurses and medical staff engaged in emergency department of sampled health
institutions. The medical staffs not available at the time of the interview and not willing to par-
ticipate were excluded from the study. We excluded those who were not supposed to be
involved in snakebite treatments.

Ethical consideration

We obtained institutional approval from Policy and Planning Division (PPD/ADM.CL/9/
2018-19) and ethical approval from Research Ethics Board of Health (REBH) (REBH/
Approval/2018/107) under Ministry of Health, Thimphu, Bhutan. We informed participants
and assured anonymity in any publication. For the voluntary participation of the respondents,
we provided non-monetary incentives such as educational trainings about identification of
venomous snakes using photographs and brochure and pamphlets on ‘Medically Important
Snakes of Bhutan’. We obtained signed informed consent prior to including respondents in
this study (S2 File).

Results

Scores for knowledge on snakes and snakebites among health workers in our study sites in
Bhutan ranged 27-93% (mean (m) = 63%, standard deviation (SD) = 14%). Among 118 health
workers interviewed, 29 (25%) were found to have adequate knowledge while the remaining
89 (75%) had inadequate knowledge.

Age and experience of health workers

Age of interviewed health workers ranged from 24 to 55 years (m = 32, SD = 8). Their profes-
sional experience ranged from 1 to 37 years (m = 8, SD = 8). Respondents stayed for an average
of 5 years (SD = 4) in the current place of posting. A respondent from Sarpang managed 100
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Table 1. Age, professional experience, and snakebite case managed by health worker.

m SD SE
Age in years 31.90 7.49 0.690
Professional experience in years 7.47 7.99 0.736
Years served in rural areas 1.45 4.12 0.379
Years served in urban areas 6.24 6.83 0.629
Number of snakebites managed 9.10 13.16 1.211
Years of stay in current place of posting 4.56 4.35 0.401

m = Mean, SD = Standard deviation, SE = Standard error.

https://doi.org/10.1371/journal.pntd.0008793.t001

snakebites, while 19% did not manage any snakebite case. The average number of snakebite
cases managed by health workers was 9 (SD = 13) (Table 1).

Source of knowledge

Regarding source of basic knowledge for snake identification and snakebite management
among 118 health workers, 108 (92%) learnt it from curricular books during their professional
training and 2 (2%) received training specifically on snake identification and snakebite man-
agement. Seventy seven (62%) respondents acquired knowledge through internet, watching
television and listening to radio programs while 20 (17%) said that folk tales and talks in their
families and villages helped them on snake identification and snakebite management.

Confidence in snakebite management

Majority (55%, n = 65) of the health workers expressed the lack of confidence or having no
confidence or no idea on snake identification. However, 75% (n = 89) of the participants had
confidence on how to prevent snakebite. On the other hand, 90% (n = 107) of the health work-
ers were very confident or moderately confident on administering first aid to snakebite cases
and interpreting signs and symptoms of snakebites. About 15% (1 = 18) health workers were
not confident about probable complications after injecting ASVS. On the need for laboratory
tests required for snakebite management, 76% (n = 90) of the participants expressed confi-
dence. For all six variables of snakebite management, respondents expressed moderate confi-
dence (Table 2). Health workers expressed lack of confidence in snake identification skills.

All health workers stressed the need for training on snake identification and snakebite man-
agement. Among 118 respondents, 86% (n = 101) said that the training was very important,
9% (n = 11) said it is of moderate importance, and remaining 5% (n = 6) said it is important.

Table 2. Confidence of health workers on different variables.

Confidence on VC(%) MC(%) LC(%) NC(%) NI(%)
Identification of venomous snakes 3(2.5) 50(42.4) 28(23.7) 27(22.9) 10(8.5)
Preventive measures of snakebite 26(22) 63(53.4) 15(12.7) 9(7.6) 5(4.2)
First aids for snakebite 49(41.5) 58(49.2) 8(6.8) 1(0.8) 2(1.7)
Signs and symptoms of snakebite 49(41.5) 58(49.2) 11(9.3) 0 0
Probable complications after injecting ASVS 39(33.1) 42(35.6) 21(17.8) 5(4.2) 11(9.3)
Lab. tests for snakebite 35(29.7) 55(46.6) 15(12.7) 7(5.9) 6(5.1)

VC = Very Confident, MC = Moderately Confident, LC = Lack Confidence, NC = No Confidence, NI = No Idea, % in parentheses indicates percentage of frequency of

abbreviated response.

https://doi.org/10.1371/journal.pntd.0008793.t002
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Table 3. Snake identification using photographs.

Snake shown in photo

Boiga multifasciata (S1 Fig)

Ptyas mucosa (S2 Fig)

Bungarus fasciatus (S3 Fig)
Daboia russelii (54 Fig)
Trimeresurus albolabris (S5 Fig)
Amphiesma stolatum (S6 Fig)
Amphiesma platyceps (S7 Fig)
Python molurus bivittatus (S8 Fig)
Bangarus niger (S9 Fig)

Ptyas nigromarginata (S10 Fig)
Naja kaouthia (S11 Fig)
Xenochrophis piscator (S12 Fig)
Oligodon juglandifer (S13 Fig)
Rhabdophis subminiatus (S14 Fig)
Pseudoxenodon macrops (S15 Fig)
Ovophis monticola (S16 Fig)

Naja naja (S17 Fig)

Lycodon aulicus (S18 Fig)
Ophiophagus hannah (S19 Fig)
Bangarus lividus (S20 Fig)

\ V% NV NV% NI NI%
81* 68.6 9 7.6 28 23.7
35 29.7 36" 30.5 47 39.8
50* 42.4 22 18.6 46 39.0
56" 47.5 27 22.9 35 29.7
70" 59.3 28 23.7 20 16.9
55 46.6 19* 16.1 44 37.3
40 33.9 27* 22.9 51 43.2
44 37.3 48" 40.7 26 22.0
20" 16.9 43 36.4 55 46.6
43 36.4 42" 35.6 33 28.0
100* 84.7 3 2.5 15 12.7
51 43.2 22* 18.6 45 38.1
41 34.7 27* 22.9 50 42.4
41" 34.7 24 20.3 53 449
28* 23.7 36 30.5 54 45.8
56* 47.5 22 18.6 40 33.9
104* 88.1 0 0.0 9 7.6

52 44.1 19* 16.1 47 39.8
75* 63.6 14 11.9 29 24.6
37* 31.4 38 32.2 43 36.4

*indicates the correct option; snake species are arranged in the sequence they were displayed to participants (V = indicates the response venomous, NV = indicates the

response non-venomous NI = indicates the response No idea and respective abbreviation with % indicates percentage of abbreviated response).

https://doi.org/10.1371/journal.pntd.0008793.t003

Identification of snakes

Among 118 respondents, 88% (n = 104) and 85% (n = 100) correctly identified photographs of
Common Cobra (Naja naja) and Monocled Cobra (Naja kaouthia) as venomous. Table 3
shows snake identification ability from among the displayed snake photographs.

On question to key identification features of Common Cobra, majority (56%, n = 66)
selected spectacle mark present behind the hood. Eighty four percent of the respondents did
not know the presence of large hexagonal mid-dorsal scales as the basic identification feature
of kraits (Table 4). In contrast, 55% (n = 65) said triangular head with irregular scales as identi-
fication key for vipers. Also, 59% (n = 70) said the terms venomous and poisonous are similar
in meaning.

Preventive measures of snakebite

On the strategies required to prevent snakebite, 82% (1 = 97) respondents mentioned cleaning
and clearing bushes and debris, 53% (n = 62) mentioned use of protective equipment, 53
(45%) mentioned avoiding marshy and busy area, and 38% (n = 45) mentioned covering the
holes in the surrounding. Among 118, 53% (n = 63), 41% (n = 48), 65% (n = 78) and 42%

(n = 50) respectively believed spraying phenol, kerosene, alcohol, and garlic syrup expecting to
ward off snakes. Also, 78% (n = 92) of the health workers did not believe on praying to local
deities or god to reduce snakebites. While 12% (n = 14) participants accepted and 86%

(n =101) rejected if killing snakes could prevent future snakebite, 3% (n = 3) said that they do
not have any idea if hunting and killing snakes can help to prevent snakebite (Table 5).
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Table 5. Methods to prevent snakebites.

Table 4. Identification features of venomous snake species.

Question Answers Count | %
Which of the following key features of snake help you to identify Shiny color 11 9.3
Common Cobra? Paired white bands along the | 13 11.0

body

Black head with brown body 13 11.0

Spectacle present behind the 66" 55.9

hood

No idea 15 12.7
Which of the following key features of snake help you to identify Paired white bands along the | 24 20.3
Kraits? body

Large hexagonal mid-dorsal 207 16.9

scales

Black head with brown body 16 13.6

Spectacle present behind the 4 3.4

hood

No idea 54 45.8
Which of the following key features of snake help you to identify Triangular head with irregular | 65 55.1
Vipers? scales

Large hexagonal mid-dorsal 5 4.2

scales

Black head with brown body 7 5.9

Spectacle present behind the 3 2.5

hood

No idea 38 32.2
Venomous and poisonous are similar Yes 69 58.5

No 38° 32.2

No idea 11 9.3

? indicates the correct option, % = Percentage among total.

https://doi.org/10.1371/journal.pntd.0008793.1004

First aid for snakebite

When asked for appropriate site for tourniquet, 72% (n = 85) of the respondents said it should
not be used. Seventy one percent respondents said that snakebite mark should not be covered.

Preventive measures of snakebite M M% AP AP% RI RI% NI NI%
Spraying phenol' 19 16.1 44 37.3 24 20.3 31 26.3
Hunting and killing snakes' 0 0.0 14 11.9 101 85.6 3 2.5
Cleaning and clearing bushes, and debris laying on the ground* 97 82.2 21 17.8 0 0.0 0 0.0
Spraying kerosene' 11 9.3 37 314 38 32.2 32 27.1
Use of protective equipment” 62 52.5 55 46.6 0 0.0 1 0.8
Cover up holes in surrounding* 45 38.1 60 50.8 9 7.6 4 34
Avoid marshy and busy area” 53 44.9 59 50.0 3 2.5 3 2.5
Spraying alcohol' 30 254 47 39.8 23 19.5 18 15.3
Spraying garlic syrup' 17 14.4 33 28.0 20 16.9 48 40.7
Praying to local deities/god' 3 2.5 9 7.6 94 79.7 12 10.2

* = Recommended methods to reduce snakebite

' = Non-recommended due to unproven/doubtful benefits or no benefits at all, M = Mentioned, AP = Accepted when provoked, RI = Rejected the idea, NI = No idea

and respective abbreviation with % indicates percentage of abbreviated response.

https://doi.org/10.1371/journal.pntd.0008793.t005

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008793 November 30, 2020 8/22


https://doi.org/10.1371/journal.pntd.0008793.t004
https://doi.org/10.1371/journal.pntd.0008793.t005
https://doi.org/10.1371/journal.pntd.0008793

PLOS NEGLECTED TROPICAL DISEASES Knowledge of health workers and treatment seeking behavior on snakebite management

On an arrival of victim to hospital, 92% (n = 109) of participants said that they reassured and
calmed the patients. About 68% (1 = 80) of health workers said that reassuring and calming of
the snakebite victim prevents complication and helps in observing signs and symptoms. The
best suggestion to manage future snakebite properly from 70% (n = 83) of the respondents was
carrying victim in a comfortable transport to the nearest hospital provided with ASVS imme-
diately (Table 6).

Signs and symptoms of snakebite

Majority of the respondents mentioned swelling of wound, pain and blisters (95%, n = 112),
fang marks (96%, n = 113), low blood pressure / high pulse rate (98%, n = 116), and hematuria
/ bruises / red marks around wound (99%, n = 117) as signs and symptoms of snakebites
(Table 7). Hematuria and swelling are general symptoms of hemotoxic bites mentioned by par-
ticipant health workers.

Among all, 64% (n = 76) of health workers said that cobra venom mainly causes neurotoxic
effect. Only 40% (n = 47) of the health workers knew viper venom causes hemotoxic effect.
Forty percentage of interviewed health workers said that tissue death at bitten site is generally
caused by cobra bite. Seventy six percentage (n = 90) of health workers said that drooping of
eyelids is important symptoms of neurotoxic envenomation. While, 54% (n = 64) of them
were aware about the fact that respiratory failure is mostly caused by krait bite. If no envenom-
ation effects developed during observation period at hospital conditions, 74% (n = 87) of

Table 6. First aid of snakebite.

Question Answers Count | %
Appropriate site for tourniquet is Over the site of bite 3 2.5
2 inches above the site of bite 29 24.6
2 inches below the site of bite 0 0.0
Should not be used 85" 72.0
No idea 1 0.8
Bite mark should be covered with Yes 29 24.6
bandage No 84 | 712
No idea 5 4.2
When a snakebite victim reports to Apply pressure bandage 6 5.1
hospital you will Slice the wound 1 0.8
Suck the wound 2 1.7
Reassure and calm the patient 109" | 924
No idea 0 0
Reassuring and calming of the snakebite | Prevent complication and helps in observing sign and 80" 67.8
victim helps to symptom
Reduces bleeding 1 0.8
Reduces rate of venom diffusion 34 28.8
Induces sleep 1 0.8
No idea 2 1.7
Best suggestion to manage future Find local healers 3 2.5
snakebite properly is to Quickly take victim in a comfortable transport to nearest | 82° 69.5
hospital provided with ASVS
Find the snake and kill it for identification 3 2.5
Go to the nearest clinic 30 25.4
No idea 0 0

* indicates the correct option, % = Percentage among total.

https://doi.org/10.1371/journal.pntd.0008793.t006
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Table 7. Signs and symptoms of snakebite envenomations.

Signs and Symptoms

Swelling wound, pain and blisters
Dizziness and vomiting

Blurring of vision

Convulsion
Unconsciousness/mental confusion
Dropping of eyelids/ptosis
Weakness of neck muscle
Difficulty in swallowing

Nasal regurgitation/voice
Difficulty in respiration

Bleeding from gum and vomiting
Persistent bleeding from bite site
Severe muscle pain

Dark colored urine

Scanty or no urine output

Renal failure

Shock/collapse

Fang marks

Low blood pressure / high pulse rate

Hematuria / bruises / red marks around wound

M M% AP AP% RI RI% SI SI%
112 94.9 4 3.4 2 1.7 0 0
56 47.5 50 42.4 4 3.4 8 6.8
34 28.8 72 61.0 3 2.5 9 7.6
15 12.7 71 60.2 6 5.1 26 22
54 45.8 57 48.3 2 1.7 5 4.2
58 49.2 44 37.3 2 1.7 14 12
36 30.5 64 54.2 1 0.8 17 14
26 22.0 67 56.8 5 4.2 19 16
22 18.6 43 36.4 7 5.9 46 39
70 59.3 43 36.4 0 0 5 4.2
57 48.3 42 35.6 6 5.1 13 11
60 50.8 35 29.7 12 10 11 9.3
50 42.4 57 48.3 2 1.7 9 7.6
33 28.0 52 44.1 2 1.7 31 26
31 26.3 59 50.0 5 4.2 23 19
43 36.4 61 51.7 0 0 14 12
48 40.7 63 53.4 0 0 7 5.9
113 95.8 5 4.2 0 0 0 0
116 98.3 2 1.7 0 0 0 0
117 99.2 1 0.8 0 0 0 0

M = Mentioned, AP = Accepted when provoked, RI = Rejected the idea, NI = No idea and respective abbreviation with % indicates percentage of abbreviated response.

https://doi.org/10.1371/journal.pntd.0008793.t007

respondents declared patient was not envenomed. Polyvalent ASVS administration was rec-
ommended after development of envenomation symptoms by 73% (n = 86) of the respondents
(Table 8).

Lab tests for snakebite management

Majority of the respondents mentioned 20 minutes whole blood clotting (89%, n = 105), com-
plete blood count (83%, n = 98) and bleeding time/clotting time (97%, n = 114) as lab test to
decide on snakebite envenomation. Blood urea test or creatinine and electrolyte test, renal
function test were mentioned by 78% (n = 92) of the health workers (Table 9).

Complication after injecting antivenom

Ninety percent (n = 106) of respondent mentioned allergies or edema and 65% (n = 77) said
early anaphylaxis (urticarial, dyspnea and hypotension) are complication after injecting ASV
(Table 10).

Eighty percent (n = 94) of responding health workers said infection in snakebite wound is
caused by cutting of wound (Table 11). After administering ASVS, 56% (n = 66) of health work-
ers said blood pressure of patient should be principally monitored. Also 66% (n = 78) of health
worker said tissue necrosis is not caused by kidney failure, cardiac arrest and hypertension.

Relation of Dzongkhag wise health workers and their level of knowledge

There was association between Dzongkhag wise health workers and their level of knowledge
(r=0.369, p<0.05) (S2 Table). There was a significant difference between the knowledge score
of health workers on snakebite management among the 10 Dzongkhags [F (9 108y = 2.975,
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Table 8. Idea on signs and symptoms of snakebite.

Question Answers Count | %
Cobra venom mainly causes Nephrotoxic effect 11 9.3
Neurotoxic effect 76" 64.4
Cytotoxic effect 0 0.0
Hemotoxic effect 17 14.4
No idea 14 11.9
Viper snakebite mainly causes Nephrotoxic effect 12 10.2
Neurotoxic effect 23 19.5
Cytotoxic effect 8 6.8
Hemotoxic effect 47" 39.8
No idea 28 23.7
How can you declare non-venomous snakebites if a snakebite victim arrive in your Swelling, pain on bitten site 3 2.5
center? Wound with many dots 15 12.7
Drooping eyes with scratch/two dots and broken neck 6 5.1
symptoms
After the observation if no symptoms occur 87% 73.7
No idea 7 5.9
Tissue death at bitten site is generally caused by Cobra bite 47° 39.8
Wolf snake bite 2 1.7
Rat snake bite 8 6.8
Krait bite 21 17.8
No idea 40 33.9
Respiratory failure is mostly caused by Krait bite 64" 54.2
Rat snake bite 5 4.2
Python bite 12 10.2
Wolf snake bite 2 1.7
No idea 35 29.7
Important symptoms of neurotoxic envenomation is Vomiting 9 7.6
Nausea 5 4.2
Drooping of eyelids 90* 76.3
Body pain 2 1.7
No idea 12 10.2
Polyvalent ASVS can be administered for When patients develop symptoms of envenomation 86" 72.9
Snakebite patient has fang marks 16 13.6
After all snakebite 3 2.5
Snakebite patients is in fear and unconsciousness 2 1.7
No idea 11 9.3

* indicates the correct option, % = Percentage among total.

https://doi.org/10.1371/journal.pntd.0008793.t008

p<0.05] (Table 12). Health workers from Central Regional Referral Hospital (CRRH) in Sar-
pang had the highest (m = 78, SD = 11.28) average score of knowledge while Pemagatshel had
the lowest (m = 55, SD = 11.04) (S3 Table). These results indicate that the level of knowledge
among health workers from different hospitals based on Dzongkhags are not at the same level.

Relation of occupation with level of knowledge

There was significant negative association between profession and knowledge score (r =
-0.386, p<0.01). When adequate and inadequate knowledge were cross-tabulated with
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Table 9. Responses on a query about lab test applicable for snakebites.

Knowledge on lab test M M% AP AP% RI RI% NI NI% NF NF%
20 minutes whole blood clotting 89 75.4 21 17.8 0 0.0 8 6.8 0 0.0
Complete blood count 83 70.3 26 22.0 2 1.7 7 5.9 0 0.0
Bleeding time /clotting time 97 82.2 15 12.7 0 0.0 5 4.2 1 0.8
Blood urea / creatinine & electrolyte, RFT and LFT 78 66.1 27 22.9 2 1.7 11 9.3 0 0.0
Blood grouping & Rh typing 30 25.4 59 50.0 9 7.6 20 16.9 0 0.0
Immuno-diagnosis 3 2.5 18 15.3 9 7.6 52 44.1 36 30.5
ECG 17 14.4 64 54.2 15 12.7 22 18.6 0.0
Serum CPK 28 23.7 46 39.0 6 5.1 30 25.4 8 6.8
Urine R/E 43 36.4 49 41.5 7 5.9 19 16.1 0 0.0

M = Mentioned, AP = Accepted when provoked, RI = Rejected the idea, NI = No idea, NF = No facility and respective abbreviation with % indicates percentage of
abbreviated response.

https://doi.org/10.1371/journal.pntd.0008793.t009

professions, the association was significant (r = 34.069, p<0.001) (S2 Table). Among 32 Doc-
tors, 63% (n = 20) were found to have adequate knowledge. Among 77 Nurses, only 10%

(n = 8) of them had adequate knowledge. There was a significant difference between the
knowledge score of health workers on snakebite management for the three professional groups
[F (2,115) = 16.284, p<0.001] (S4 Table). Doctors had higher mean score on knowledge {74.28
(SD = 11.203)}. The difference could be related to their frequent use of knowledge in treating
the patients and their constant need to update knowledge using internet.

Relation of source of expertise with level of knowledge

There was significant association between the knowledge score and sources of expertise or
qualification {MBBS, B.Sc. Nursing, Diploma Nursing and others (EMT, HA and Lab techni-
cian)}; r = -0.446, p<0.001 (S2 Table). There was a significant effect of the training courses
attended and sources of the health workers’ knowledge on knowledge score [F (3 114) = 17.876,
p<0.001] (S5 Table). MBBS had the highest score (m = 74, SD = 11) followed by B.Sc. Nursing
(m =69, SD = 12) (Fig 2), and others (m = 65, SD = 16). Respondents who were trained under
diploma nursing course scored the lowest (m = 56, SD = 11).

Relation of gender with level of knowledge

There was significant association between gender and knowledge score (r = -0.394, p<0.001).
When the levels of knowledge were cross-tabulated with gender, the association was significant
(r=7.12, p<0.05) (S2 Table). Among 73 male and 45 female respondents, 33% (n = 24/73)
males had adequate knowledge compared to only 11% (n = 5/45) females. All female respon-
dents having adequate knowledge are Doctors and none of the female nurses had adequate

Table 10. Probable complication after injecting anti-venom.

Knowledge about complication of injecting anti-venom M M% AP AP% RI RI% NI NI%
Early anaphylaxis (urticarial, dyspnea and hypotension) 77 65.3 21 17.8 1 0.8 19 16.1
Diarrhea and vomiting 20 16.9 53 44.9 10 8.5 35 29.7
Pyrogenic reaction (fever & chill) 21 17.8 64 54.2 3 2.5 30 25.4
Allergies / edema 106 89.8 2 1.7 0 0.0 10 8.5

M = Mentioned, AP = Accepted when provoked, RI = Rejected the idea, NI = No idea and respective abbreviation with % indicates percentage of abbreviated response.

https://doi.org/10.1371/journal.pntd.0008793.t010
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Table 11. Complications of after snakebite.

Question Answers Count %
Infection in snakebite wound caused by Immobilization of bitten limb 17 14.4
False assurance to patient to calm him 2 1.7
Cleaning the wound with clean water 4 3.4
Cutting of wound 94* 79.7
No idea 1 0.8
After administering ASVS, patient should be principally monitored for Bleeding 27 22.9
Pain 0 0.0
Edema / Dropsy 18 15.3
Blood pressure 66° 55.9
No idea 7 5.9
Tissue necrosis is resultant of snakebite caused Kidney failure 15 12.7
Cardiac arrest 18 15.3
Hypertension 0 0.0
None of the above 78% 66.1
No idea 7 5.9

* indicates the correct option, % = percentage among total.

https://doi.org/10.1371/journal.pntd.0008793.1011

knowledge. Sixty five percent (n = 15/32) of male Doctors and 24% (8/33) of male nurses had
adequate knowledge. The level of knowledge was lower in female strata of health workers com-
pared to that of male.

Relation of age and experience with level of knowledge

Health workers with experience of more than 10 years had higher (m = 65.77, SD = 14.49)
knowledge score while those having less experience had lower (m = 61.71, SD = 14.09) (S6
Table). Age group below 35 years had lower knowledge score (m = 62.97, SD = 13.86), while
those above 35 years scored more (m = 64.70, SD = 16.03) (S7 Table). This could be due to
increased exposure and experience with snakebite cases with increasing age. However, there
was no association between age and knowledge score (r = .094, p = 0.310). Similarly, experi-
ence of health workers showed no association with knowledge score (r = -.015, p = 0.87).

Relation of number of snakebite cases managed with knowledge score

Average number of snakebites managed by respondents was 9 (SD = 13.16) and average of
knowledge score was 63% (SD = 14.34) (S8 Table). Health workers managing more than five
snakebite cases had better knowledge score (m = 66.27, SD = 13.97) than that of those who
managed less than five cases and those who did not manage any. There was significant correla-
tion between the number of snakebites managed and knowledge score (r = 0.223, p = 0.01).

Table 12. ANOVA for knowledge scores among Dzongkhags’ health workers.

ss df ms F
Between Groups 4,776.563 9 530.729 2.975*
Within Groups 19264.767 108 178.377
Total 24,041.331 117

*significant at p<0.01, ss = Sum of squares, df = Degree of freedom, ms = Mean square, F = F-ratio.

https://doi.org/10.1371/journal.pntd.0008793.1012
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Fig 2. Mean of score by the source of expertise with an error bar.
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Treatment seeking behaviour

From 118 participants, 36% (n = 42) observed snakebite victims with cut in the bite sites made
for suction. While 29% (#n = 34) of the health workers found victims whose snakebite wound
were actually sucked out. Seventy five (64%) health workers asserted that snakebite victims vis-
ited local or traditional healer before they reached hospital. A total of 60 (51%) health workers
observed patients using treatment by local healers and black stone called Jhhar Mauro (stone
believed to absorb all the snake venom and detach itself from wound once the venom is emp-
tied from the snakebite victim). Application of green herbal paste made up of Khenpa Shing
(Artemisia myriantha) and consumption of fluid from Neem leaf (Azadirachta indica) were
also observed.

Majority (80%, n = 95) of the health workers encountered patients who tied bitten limbs
using ropes, elastics and clothes as tourniquet to stop venom flow in other parts of body due to
wrong belief. Health workers encountered patients using pressure bandage which constituted
eight percent (n = 10). Only five percent (n = 6) of the health workers observed patients using
WHO recommended first aid—‘Tmmobilization of limb” with bandage and splint. Health
workers in BHUs or primary health units might have applied these first aid measures before
referral to Dzongkhag, General and Referral Hospital.

Health workers observed in most cases, snakebite victims used tight tourniquet as a first aid
measure for snakebite management. In Phuntsholing General Hospital, application of honey
over the snake bitten limb along with use of tourniquet was documented during the study
(Fig 3).

The patient was bitten by snake at 12:00 noon but reached the hospital at 18:00 pm in the
evening with swollen limb. The attendee explained that the snake was green and it may not
cause much harm as this type of bites are treated with locally available medication such as
honey and Khenpa Shing leaf paste (Fig 4).

Discussion

Snake-human conflicts cause hundreds of snakebites which are emergency medical conditions
in Bhutan. However, the study has revealed that the health workers were not well prepared for
the management of snakebite. Since snakebite causes significant morbidity and mortality in
Bhutan [12], health workers should be empowered with adequate knowledge and community
need to be educated not to depend on traditional healing of snakebite. Further, WHO recom-
mended measures for prevention and control of snakebite should be advocated to the health
workers in Bhutan [14,20-23].
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Fig 3. Plastic rope used as a tight tourniquet by a patient brought to Phuntsholing General Hospital.

https://doi.org/10.1371/journal.pntd.0008793.g003

This study also revealed that health workers in Bhutan lack snake identification skills and
have no idea about key identification features of kraits and vipers. Respondents identified pho-
tographs depicting big or colorful snakes as venomous (Table 3).

In addition to their empowerment, there is a need to explore relation of socio-demographic
variables of health workers with their level of knowledge on snakebite management more
extensively to contribute to snakebite management in Bhutan.

The study also has revealed that conservation threats exist in Bhutan because snakes are
killed after snakebites if they are found. Among 118 health workers, 64% (n = 76) observed
snakebite patients or their attendants presenting the head-smashed-dead snake or dead snakes’
photographs with smashed head in hospital for identification.

The level of knowledge

The proportion of health workers with adequate knowledge on snakebite management in Bhu-
tan is 25% (n = 29) (S2 Table), which is lower than that reported from Lao PDR [24], North
Cape and Hong Kong [25,26]. A study from Bangladesh had concluded that the health workers
lacked required knowledge, skill, and experience to treat snakebite victims [19]. The opportu-
nity of being exposed to snakebite cases influenced the level of knowledge and skills required
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Fig 4. Shiny fluid is honey applied by a patient brought to Phuntsholing General Hospital.

https://doi.org/10.1371/journal.pntd.0008793.9g004

to manage snakebite in Bhutan. The number of reported snakebite cases varied from 23%
(n =87/391 in Sarpang to 15% (n = 59/391) in between 2013-2018 [3].

Similar to our findings of Doctors with higher level of knowledge compared to other health
staffs, a similar study in Lao PDR also reported better knowledge of physicians over Nurses in
managing snakebites[24]. Among Doctors, 78% (n = 25/118) responded that they used inter-
net, social media, radio and television to search information and learn about snakes and snake-
bite management. Easy access to internet helps doctors to be updated with information on
knowledge and skills newly suggested by WHO Guidelines and other relevant sources on
snakebite management. However, due to less knowledge and skill to manage snakebite cases
and snake identification, there is an immediate requirement of training for nurses to reduce
the gap. Inclusion of effective training materials on snake identification and snakebite manage-
ment compatible for the in-country training curricula of health workers could prove useful in
narrowing the knowledge gap.

Current textbooks and medical education materials lack adequate focus in area of ASV use,
complication after administration of ASV and methods to deal regional snakebites [27]. The
study also revealed prevalence of incorrect information on the snakebite first aid measures
incorporated in the school and university teaching materials in Nepal [28]. Therefore, precau-
tion should be taken to include correct knowledge and skills in the training curricula.
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Health workers receiving training achieved significantly better snake identification results
compared to those without training opportunity. Therefore, inclusion of snakebite courses in
curriculum of University and Health Science College may be useful to guarantee imparting
appropriate knowledge and skills for medical graduates [24]. A study done among Nigerian
health workers reported that gender does not have relation with levels of knowledge, but
reported relation between knowledge score on snakebite management with the number of
snakebites managed [29].

Health seeking behavior

Consumption of Artemisia extract in snakebite treatment is unique and was sighted in a case
at Phuntsholing General Hospital. The attendant of the snakebite victim mentioned that “we
let the victim drink fluid made up of Artemisia and applied honey of bee called “Puttka” that
absorbs venom out of the bitten limb. Application of honey in snakebite may be another long
believed malpractice prevalent in rural areas. Honey has anti-bacterial properties that could
prevent bacterial infection though. But both the application of honey and consumption of
extract made up of Artemisia and Neem needs scientific scrutiny.

In Sri Lanka, 43.3% (n = 301) snakebite victims went for local or traditional treatment [30].
Similarly, snakebite victims in Nepal consulted traditional healers before reaching hospital due
to lack of transport and difficult access to hospital [31-36]. Likewise, 80% of the snakebite vic-
tims used traditional medicine prior to admission in a hospital in South Africa [37].

Use of herbal and non-herbal medication is reported from Sri Lanka, Kenya and south-
east Asia [38-40]. Similarly, use of black stone or serpent stone is believed to improve the med-
ical efficacy from ancient time, which is believed to have come from ancient Indian tradition,
the use of which is now reported from almost all parts of the snakebite prone regions of the
world [41]. Observation of using such practices of traditional treatments over allopathic
medicine is similar to the behaviour of Bhutanese snakebite victims observed by the health
workers in Bhutan. Use of such traditional practices may be due to the need to negotiate diffi-
cult terrain and lack of quick transport facilities in reaching the nearest hospital in time. Also,
during the rainy season, when snakebites are frequent, the village farm roads, which are not
black topped, are either damaged by landslides or washed by floods making the accessibility
difficult.

Use of traditional treatments and wrong first aid in case of snake envenomation in low and
middle income countries are time consuming which convert snakebite morbidity to mortality
[42,43]. An analysis of snakebite victims from Andhra Pradesh, India concluded that availabil-
ity of better facilities at primary health centres with rapid transportation facilities and early
administration of the polyvalent anti-venom reduce morbidity and mortality [44].

Hospital- and community-based nationally representative studies are essential to support
to design antivenom against Bhutanese snakebite. Further, snake species involved in human
envenomations in Bhutan needs additional systematic studies [1,3]. Snakebite victims die try-
ing to reach referred hospitals and in hospitals at bordering town in India [45]. A case study
published from Bhutan, “Is anti-snake venom required for all snakebites?”, explains confusion
due to lack of national snakebite management guidelines [46]. Also, in the Indian subcontinent
including Bhutan, snakebite victims use medicinal plants for treatment of snakebites which
requires scientific validation [47,48].

Patients with nonvenomous snakebites stay many days in hospital due to use of tight tour-
niquet which induces ischemia causing gangrene [3]. Use of wrong first aid results in morbid-
ity/mortality of victims and wastes health workers’ time and effort. Creating awareness among
general people, preparation of training materials based on knowledge of local snakes known,
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and providing appropriate trainings to all levels of health workers will obviously improve
snakebite management cases in the country.

Limitations of the study

We were ignorant about the level of knowledge of care givers in remote areas of Bhutan.
Knowledge of medical workers included in this study may not be wholly representative nation-
wide because of use of non-random sampling method. Purposive sampling of the respondents
might introduce some unseen biases.

Conclusion

The level of knowledge of health workers in Bhutan on snake identification and snakebite
management was inadequate. Since physicians exposed to the snakebite cases frequently had
better knowledge and skills in managing snakebite cases, the trained/empowered health per-
sons should be employed for long term in health institutions in snakebite prone regions. Prev-
alent use of traditional medication practices and less use of WHO recommended first aid
measures suggest educational opportunities to overcome obstacles for snakebite management
in Bhutan. A multi-center, hospital-based prospective study of snakebites in Bhutan is essential
to document mortality and morbidity due to snakebites more comprehensively.

Supporting information

S1 File. Structured Questionnaire used in survey.
(PDF)

S2 File. Informed Consent Form.
(PDF)

S1 Table. Socio-demographic features of respondents.
(DOCX)

$2 Table. Cross tabulation of socio-demographic variables with level of knowledge.
(DOCX)

§3 Table. Difference in mean score among Dzongkhags.
(DOCX)

S$4 Table. ANOVA of knowledge among Doctors, Nurses and Others.
(DOCX)

S5 Table. ANOVA of knowledge score among different source of expertise.
(DOCX)

S6 Table. Mean Score by years of experience.
(DOCX)

S7 Table. Mean score by age.
(DOCX)

S8 Table. Mean Score per averaged number of snakebite managed by health workers.
(DOCX)

S1 Fig. Boiga multifasciata (Photo by Sunil Sapkota).
JPG)

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008793 November 30, 2020 18/22


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s003
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s004
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s005
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s006
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s007
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s008
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s009
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s010
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s011
https://doi.org/10.1371/journal.pntd.0008793

PLOS NEGLECTED TROPICAL DISEASES Knowledge of health workers and treatment seeking behavior on snakebite management

S2 Fig. Ptyas mucosa (Photo by Sunil Sapkota).
(JPG)

S3 Fig. Bungarus fasciatus (Photo provided by Vivek Sharma).
(JPG)

S4 Fig. Daboia russelii (Photo provided by Vivek Sharma).
(JPG)

S5 Fig. Trimeresurus albolabris (Photo Provided by Narayan Sapkota).
(JPG)

S6 Fig. Amphiesma stolatum (Photo by Sunil Sapkota).
JPG)

S7 Fig. Amphiesma platyceps (Photo by Sunil Sapkota).
(JPG)

S8 Fig. Python molurus bivittatus (Photo by Sunil Sapkota).
(JPG)

S9 Fig. Bangarus niger (Photo by Sunil Sapkota).
(JPG)

S10 Fig. Ptyas nigromarginata (Photo by Sunil Sapkota).
(JPG)

S11 Fig. Naja kaouthia (Photo by Sunil Sapkota).
(JPG)

S12 Fig. Xenochrophis piscator (Photo by Sunil Sapkota).
(JPG)

S13 Fig. Oligodon juglandifer (Photo by Sunil Sapkota).
(JPG)

S14 Fig. Rhabdophis subminiatus (Photo by Narayan Sapkota).
(JPG)

S15 Fig. Pseudoxenodon macrops (Photo by Sunil Sapkota).
JPG)

S16 Fig. Ovophis monticola (Photo by Dhan B. Gurung).
(JPG)

S17 Fig. Naja naja (Photo provided by Vivek Sharma).
(JPG)

S18 Fig. Lycodon aulicus (Photo by Sunil Sapkota).
(JPG)

S19 Fig. Ophiophagus Hannah (Photo by Sunil Sapkota).
(JPG)

S20 Fig. Bangarus lividus (Photo downloaded from raptilefacts.com, no author informa-
tion provided).
(JPG)

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008793 November 30, 2020 19/22


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s012
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s013
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s014
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s015
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s016
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s017
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s018
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s019
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s020
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s021
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s022
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s023
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s024
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s025
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s026
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s027
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s028
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s029
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008793.s030
http://raptilefacts.com
https://doi.org/10.1371/journal.pntd.0008793

PLOS NEGLECTED TROPICAL DISEASES Knowledge of health workers and treatment seeking behavior on snakebite management

Acknowledgments

We are grateful to UNESCO Madanjeet Singh Centre for South Asia Forestry Studies for its
support to Sunil Sapkota to carry out this study. We are thankful to Mongal Singh Gurung
from Health Research and Epidemiology Unit of Policy and Planning Division under Ministry
of Health, Thimphu, Bhutan for his guidance and supports. We would like to thank Arjun
Nepal and Tulashi Ghale for helping in data collection from Samtse and Sarpang, respectively.
Suggestions from Dr. Amod Ghimire and Geoff Coombe were helpful in shaping the
questionnaires.

We are thankful to Nim Dem of SAF Bhutan, Dr. Sangay Wangchuk, Dr. Kaka Tshering,
and Dechen Tshomo of Ugyen Wangchuck Institute for Conservation and Environmental
Research for providing guidance to obtain research grant to conduct field studies, planning
logistic during data collection, and applying for route permit to travel to various hospitals in
the study area. We are thankful to Yeshey Jyatsho and Buddham Rai at Samdrup Jongkhar,
Kinley Dorji at Pemagatshel, and Sonam Lhamo at Nganglam for helping in logistic arrange-
ment while surveying.

We are also thankful to the Administrative Department Manager, Medical Superintendent,
Chief Medical Officer, Doctors, Nurses, and Emergency Medical Technicians of hospitals in
Chhukha, Mongar, Pemagatshel, Punakha, Samdrup Jongkhar, Samtse, Sarpang, Trashigang,
Trongsa, and Wangdue Dzongkhags for allowing us to collect data for this study. The time
given by all respondents in this study is highly appreciated.

Author Contributions

Conceptualization: Sunil Sapkota, Deb P. Pandey, Dhan B. Gurung.

Data curation: Sunil Sapkota, Dhan B. Gurung.

Formal analysis: Sunil Sapkota.

Funding acquisition: Sunil Sapkota.

Investigation: Sunil Sapkota.

Methodology: Sunil Sapkota, Deb P. Pandey, Guru P. Dhakal, Dhan B. Gurung.
Project administration: Sunil Sapkota.

Resources: Sunil Sapkota.

Software: Sunil Sapkota.

Supervision: Deb P. Pandey, Guru P. Dhakal, Dhan B. Gurung.

Validation: Deb P. Pandey.

Visualization: Sunil Sapkota, Dhan B. Gurung.

Writing - original draft: Sunil Sapkota, Deb P. Pandey, Guru P. Dhakal, Dhan B. Gurung.
Writing - review & editing: Sunil Sapkota, Deb P. Pandey, Dhan B. Gurung,.

References
1. Warrell DA. Guidelines for the management of snake-bites. 2010.

2.  Warrell DA. Guidelines of Management of Snake bite. Lancet. 2010; 375:77-88. https://doi.org/10.
1016/S0140-6736(09)61754-2 PMID: 20109866

3. Sapkota S. Knowledge of health workers, health seeking behavior of snakebite victims and retrospec-
tive study of snakebites in Bhutan. Royal University of Bhutan. 2019.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008793 November 30, 2020 20/22


https://doi.org/10.1016/S0140-6736%2809%2961754-2
https://doi.org/10.1016/S0140-6736%2809%2961754-2
http://www.ncbi.nlm.nih.gov/pubmed/20109866
https://doi.org/10.1371/journal.pntd.0008793

PLOS NEGLECTED TROPICAL DISEASES Knowledge of health workers and treatment seeking behavior on snakebite management

10.

11.

12

13.

14.

15.
16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Koirala BK, Koirala J, Sapkota S. Retrospective Study on Epidemiology of Snakebite in Sarpang Dis-
trict, Southern Bhutan. J Threat Taxa. 2018; 10:12749—-12754. https://doi.org/doi.org/10.11609/jott.
3882.10.13.12749-12754

Population and Housing Census of Bhutan, @9 J7qT &7~ ONTRETR, “&7q) “7q) D87 N7
ao09| |.2018. Available from: www.nsb.gov.bt.

Department of Forest and Park Services. Bhutan National Forest Inventory Report. Stocktaking
Nation’s Forest Resource. 2016. Available from: http://www.dofps.gov.bt/wp-content/uploads/2017/07/
National-Forest-Inventory-Report-Vol1.pdf.

Wangyal JT. The status of herpetofauna of Bhutan. J Bhutan Ecol Soc. 2014; 1:20-39.

Tshewang S, Letro L. The herpetofauna of Jigme Singye Wangchuck National Park in central Bhutan:
status, distribution and new records. J Threat Taxa. 2018; 10:12489-12498. https://doi.org/10.11609/
jott.3849.10.11.12489-12498

Wangyal JT, Gurung DB. Reptiles of Bhutan. An Introduction to the Biodiversity of Bhutan in the Context
of Climate Change and Economic Development. Punakha: College of Natural Resources; 2017. pp.
39-55. https://doi.org/10.1002/cncr.30938 PMID: 28940301

Das A, Sharma P, Surendran H, Nath A, Ghosh S, Dutta D, et al. Additions to the herpetofauna of Royal
Manas National Park, Bhutan, with six new country records. Herpetol Notes. 2016; 9:261-278.

Weinstein SA, Warrell DA, White J, Keyler DE. “Venomous Bites from Non-Venomous Snakes: A Criti-
cal Analysis of Risk and Management of “Colubrid Snake Bites. Elsevier; 2011.

Ministry of Health. Annual Health Bulletin 2018. Thimphu: Ministry of Health, Royal Government of
Bhutan; 2018.

Warrell DA. Guidelines for the management of snake bites. World Health Organization Regional Office
of South-East Asia; 2010.

Chippaux J-P. WHO Guidelines for the production, control and regulation of snake antivenom immuno-
globulins. Biologie aujourd’hui. 2016. https://doi.org/10.1051/jbio/2009043 PMID: 20950580

Warrell DA. Clinical review Treatment of bites by adders and exotic venomous snakes. 2005; 331.

Ralph R, Sharma SK, Faiz MA, Ribeiro |, Rijal S, Chappuis F, et al. The timing is right to end snakebite
deaths in South Asia. BMJ. 2019; 364:1-6. https://doi.org/10.1136/bmj.k5317 PMID: 30670457

Alirol E, Sharma SK, Bawaskar HS, Kuch U, Chappuis F. Snake bite in south asia: A review. PLoS Negl|
Trop Dis. 2010; 4. https://doi.org/10.1371/journal.pntd.0000603 PMID: 20126271

Kasturiratne A, Wickremasinghe AR, Silva N De, Gunawardena NK. The Global Burden of Snakebite: A
Literature Analysis and Modelling Based on Regional Estimates of Envenoming and Deaths. 2008; 5.
https://doi.org/10.1371/journal.pmed.0050218 PMID: 18986210

Ahsan HN, Rahman MR, Amin R, Chowdhury EH. Knowledge of Snake Bite Management among
Health Service Providers at a Rural Community of Bangladesh. J Curr Adv Med Res. 2018; 4:17-22.
https://doi.org/10.3329/jcamr.v4i1.36170

Longbottom J, Shearer FM, Devine M, Alcoba G, Chappuis F, Weiss DJ, et al. Vulnerability to snakebite
envenoming: a global mapping of hotspots. Lancet. 2018; 392:673—-684. https://doi.org/10.1016/S0140-
6736(18)31224-8 PMID: 30017551

WHO. Snakebite envenoming. In: Factsheet [Internet]. 2019. Available from: https://www.who.int/
news-room/fact-sheets/detail/snakebite-envenoming.

Simpson ID, Norris RL. Snakes of medical importance in India: Is the concept of the “Big 4” still relevant
and useful? Wilderness Environ Med. 2007; 18:2-9. https://doi.org/10.1580/06-weme-co-023r1.1
PMID: 17447706

Harrison RA, Hargreaves A, Wagstaff SC, Faragher B, Lalloo DG. Snake envenoming: A disease of
poverty. PLoS Negl Trop Dis. 2009; 3. https://doi.org/10.1371/journal.pntd.0000569 PMID: 20027216

Inthanomchanh V, Reyer JA, Blessmen J, Phrasisombath K, Yamamoto E, Hamajima N. Assessment
of knowledge about snakebite management amongst healthcare providers in the provincial and two dis-
trict hospitals in Savannakhet Province, Lao PDR. Nagoya J Med Sci. 2017; 79:299-311. hitps://doi.
org/10.18999/nagjms.79.3.299 PMID: 28878435

Stemmett G, Van Vuuren M. Knowledge and management of snake bite by general practitioners in rural
Free State and Northern Cape. South African Fam Pract. 2004; 46:31-34. https://doi.org/10.4102/safp.
v46i9.131

Fung HTJ, Lam SKT, Lam KK, Kam CW, Simpson ID. A survey of snakebite management knowledge
amongst select physicians in hong kong and the implications for snakebite training. Wilderness Environ
Med. 2009; 20:364—372. https://doi.org/10.1580/1080-6032-020.004.0364 PMID: 20030446

Simpson ID. A study of the current knowledge base in treating snake bite amongst Doctors in the high-
risk countries of India and Pakistan: does snake bite treatment training reflect local requirements?

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008793 November 30, 2020 21/22


https://doi.org/doi.org/10.11609/jott.3882.10.13.12749%26%23x2013%3B12754
https://doi.org/doi.org/10.11609/jott.3882.10.13.12749%26%23x2013%3B12754
http://www.nsb.gov.bt
http://www.dofps.gov.bt/wp-content/uploads/2017/07/National-Forest-Inventory-Report-Vol1.pdf
http://www.dofps.gov.bt/wp-content/uploads/2017/07/National-Forest-Inventory-Report-Vol1.pdf
https://doi.org/10.11609/jott.3849.10.11.12489%26%23x2013%3B12498
https://doi.org/10.11609/jott.3849.10.11.12489%26%23x2013%3B12498
https://doi.org/10.1002/cncr.30938
http://www.ncbi.nlm.nih.gov/pubmed/28940301
https://doi.org/10.1051/jbio/2009043
http://www.ncbi.nlm.nih.gov/pubmed/20950580
https://doi.org/10.1136/bmj.k5317
http://www.ncbi.nlm.nih.gov/pubmed/30670457
https://doi.org/10.1371/journal.pntd.0000603
http://www.ncbi.nlm.nih.gov/pubmed/20126271
https://doi.org/10.1371/journal.pmed.0050218
http://www.ncbi.nlm.nih.gov/pubmed/18986210
https://doi.org/10.3329/jcamr.v4i1.36170
https://doi.org/10.1016/S0140-6736%2818%2931224-8
https://doi.org/10.1016/S0140-6736%2818%2931224-8
http://www.ncbi.nlm.nih.gov/pubmed/30017551
https://www.who.int/news-room/fact-sheets/detail/snakebite-envenoming
https://www.who.int/news-room/fact-sheets/detail/snakebite-envenoming
https://doi.org/10.1580/06-weme-co-023r1.1
http://www.ncbi.nlm.nih.gov/pubmed/17447706
https://doi.org/10.1371/journal.pntd.0000569
http://www.ncbi.nlm.nih.gov/pubmed/20027216
https://doi.org/10.18999/nagjms.79.3.299
https://doi.org/10.18999/nagjms.79.3.299
http://www.ncbi.nlm.nih.gov/pubmed/28878435
https://doi.org/10.4102/safp.v46i9.131
https://doi.org/10.4102/safp.v46i9.131
https://doi.org/10.1580/1080-6032-020.004.0364
http://www.ncbi.nlm.nih.gov/pubmed/20030446
https://doi.org/10.1371/journal.pntd.0008793

PLOS NEGLECTED TROPICAL DISEASES Knowledge of health workers and treatment seeking behavior on snakebite management

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

Trans R Soc Trop Med Hyg. 2008; 102:1108—1114. https://doi.org/10.1016/j.trstmh.2008.04.013 PMID:
18501936

Pandey DP, Khanal BP. Inclusion of incorrect information on snakebite first aid in school and university
teaching materials in Nepal. J Toxicol Environ Heal Sci Full Length Res Pap. 2013; 5:43-51. https://doi.
org/10.5897/JTEHS12.059

Michael GC, Grema BA, Aliyu |, Alhaji MA, Lawal TO, Ibrahim H, et al. Knowledge of venomous snakes,
snakebite first aid, treatment, and prevention among clinicians in northern Nigeria: A cross-sectional
multicentre study. Trans R Soc Trop Med Hyg. 2018; 112:47-56. https://doi.org/10.1093/trstmh/try028
PMID: 29617989

Ediriweera DS, Kasturiratne A, Pathmeswaran A, Gunawardena NK, Jayamanne SF, Lalloo DG, et al.
Health seeking behavior following snakebites in Sri Lanka: Results of an island wide community based
survey. PLoS Negl Trop Dis. 2017; 11:1—11. https://doi.org/10.1371/journal.pntd.0006073 PMID:
29108023

Sharma SK, Chappuis F, Jha N, Bovier PA, Loutan L, Koirala S. Impact of snake bites and determinants
of fatal outcomes in Southeastern Nepal. Am J Trop Med Hyg. 2004; 71:234-238. https://doi.org/10.
4269/ajtmh.2004.71.234 PMID: 15306717

Pandey DP, Thapa-Magar C. Snake and Human Life: A Positive Quest. 2010.

Shrestha BR, Thapa-magar C, Pandey DP. Advances in Clinical Toxicology Retrospective Study of
Snakebites in Nawalpur Snakebite Treatment Center, South-central Nepal. Adv Clin Toxicol. 2018;
3:00138.

Pandey DP, Thapa CL, Hamal PK. Impact of first aid training in management of snake bite victims in
Madi valley. J Nepal Health Res Counc. 2010; 8:5-9. PMID: 21879005

Pandey D. Epidemiology of Snake Bites Based on Hospital Survey in Chitwan and Nawalparasi Dis-
tricts, Nepal. J Nepal Health Res Counc. 2005; 4:51-57.

Pandey DP. Epidemiology of snakebites based on field survey in Chitwan and Nawalparasi districts,
Nepal. J Med Toxicol. 2007; 3:164—168. https://doi.org/10.1007/BF03160933 PMID: 18072170

Sloan DJ, Dedicoat MJ, Lalloo DG. Healthcare-seeking behaviour and use of traditional healers after
snakebite in Hlabisa sub-district, KwaZulu Natal. Trop Med Int Heal. 2007; 12:1386—1390. https://doi.
org/10.1111/j.1365-3156.2007.01924.x PMID: 18045265

Owuor BO, Mulemi BA, Kokwaro JO. Indigenous Snake Bite Remedies of the Luo of Western Kenya. J
Ethnobiol. 2005; 25:129-141. https://doi.org/10.2993/0278-0771(2005)25[129:isbrot]2.0.co;2

Kularatne AM, Silva A, Maduwage K, Ratnayake |, Walathara C, Ratnayake C, et al. Victims’ response
to snakebite and socio-epidemiological factors of 1018 snakebites in a tertiary care hospital in Sri
Lanka. Wilderness Environ Med. 2014; 25:35—40. https://doi.org/10.1016/j.wem.2013.10.009 PMID:
24412659

Management C, Bite S, Region SA. Guidelines for the Clinical Management of Snake Bite in the South-
East Asia Region. Trop Med. 2005;30.

Pymm R. “Serpent stones”: Myth and medical application. Geol Soc Spec Publ. 2017; 452:163-180.
https://doi.org/10.1144/SP452.1

Chippaux JP. Snake-bites: Appraisal of the global situation. Bull World Health Organ. 1998; 76:515—
524. PMID: 9868843

Michael GC, Aliyu |, Grema BA, Lawrence N, Kaa P De. Prehospital Care Practices for Venomous
Snakebites in Resource—limited Settings: A Narrative Review. 2017; 237—-241. https://doi.org/10.4103/
amhs.amhs

Rao DV, Pradhan B, Ramyatha RP, Sumalatha N. Analysis of snake bite victims in a tertiary care cen-
ter. Heal Renaiss. 2014; 12:24—28. https://doi.org/10.3126/hren.v12i1.11981

Man dies of snakebite. kuensel. 27 Aug 2015. Available from: https://kuenselonline.com/man-dies-of-
snakebite/. Accessed 8 Jan 2020.

Dorii T. Is anti-snake venom required for all snakebites: A case report. Clin Case Reports. 2019; 1-4.
https://doi.org/10.1002/ccr3.2598 PMID: 31998515

Upasani MS, Upasani SV, Beldar VG, Beldar CG, Gujarathi PP. Infrequent use of medicinal plants from
India in snakebite treatment. Integr Med Res. 2018; 7:9-26. https://doi.org/10.1016/j.imr.2017.10.003
PMID: 29629287

Gupta YK, Peshin SS. Do herbal medicines have potential for managing snake bite envenomation?
Toxicol Int. 2012; 19:89-99. https://doi.org/10.4103/0971-6580.97194 PMID: 22778503

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008793 November 30, 2020 22/22


https://doi.org/10.1016/j.trstmh.2008.04.013
http://www.ncbi.nlm.nih.gov/pubmed/18501936
https://doi.org/10.5897/JTEHS12.059
https://doi.org/10.5897/JTEHS12.059
https://doi.org/10.1093/trstmh/try028
http://www.ncbi.nlm.nih.gov/pubmed/29617989
https://doi.org/10.1371/journal.pntd.0006073
http://www.ncbi.nlm.nih.gov/pubmed/29108023
https://doi.org/10.4269/ajtmh.2004.71.234
https://doi.org/10.4269/ajtmh.2004.71.234
http://www.ncbi.nlm.nih.gov/pubmed/15306717
http://www.ncbi.nlm.nih.gov/pubmed/21879005
https://doi.org/10.1007/BF03160933
http://www.ncbi.nlm.nih.gov/pubmed/18072170
https://doi.org/10.1111/j.1365-3156.2007.01924.x
https://doi.org/10.1111/j.1365-3156.2007.01924.x
http://www.ncbi.nlm.nih.gov/pubmed/18045265
https://doi.org/10.2993/0278-0771%282005%2925%5B129%3Aisbrot%5D2.0.co%3B2
https://doi.org/10.1016/j.wem.2013.10.009
http://www.ncbi.nlm.nih.gov/pubmed/24412659
https://doi.org/10.1144/SP452.1
http://www.ncbi.nlm.nih.gov/pubmed/9868843
https://doi.org/10.4103/amhs.amhs
https://doi.org/10.4103/amhs.amhs
https://doi.org/10.3126/hren.v12i1.11981
https://kuenselonline.com/man-dies-of-snakebite/
https://kuenselonline.com/man-dies-of-snakebite/
https://doi.org/10.1002/ccr3.2598
http://www.ncbi.nlm.nih.gov/pubmed/31998515
https://doi.org/10.1016/j.imr.2017.10.003
http://www.ncbi.nlm.nih.gov/pubmed/29629287
https://doi.org/10.4103/0971-6580.97194
http://www.ncbi.nlm.nih.gov/pubmed/22778503
https://doi.org/10.1371/journal.pntd.0008793

