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ABSTRACT

Introduction Snakebite is a neglected tropical disease.
Snakebite causes at least 120000 death each year

and it is estimated that there are three times as many
amputations. Snakebite survivors are known to suffer
from long-term physical and psychological sequelae, but
not much is known on the mental health manifestations
postsnakebite.

Methods We conducted a scoping review and searched
five major electronic databases (Ovid MEDLINE(R), Global
Health, APA PsycINFO, EMBASE classic+EMBASE, Cochrane
Central Register of Controlled Trials), contacted experts
and conducted reference screening to identify primary
studies on mental health manifestations after snakebite
envenomation. Two reviewers independently conducted
titles and abstract screening as well as full-text evaluation
for final inclusion decision. Disagreements were resolved
by consensus. We extracted data as per a standardised
form and conducted narrative synthesis.

Results We retrieved 334 studies and finally included
11 studies that met our eligibility criteria. Of the 11
studies reported, post-traumatic stress disorder (PTSD)
was the most commonly studied mental health condition
after snakebite, with five studies reporting it. Estimate of
the burden of PTSD after snakebite was available from

a modelling study. The other mental health conditions
reported were focused around depression, psychosocial
impairment of survivors after a snakebite envenomation,
hysteria, delusional disorders and acute stress disorders.
Conclusion There is a need for more research on
understanding the neglected aspect of psychological
morbidity of snakebite envenomation, particularly in
countries with high burden. From the limited evidence
available, depression and PTSD are major mental health
manifestations in snakebite survivors.

BACKGROUND

Snakebite is a neglected tropical disease
(NTD), with an estimated 4-18million
people being bitten, up to 120000 deaths and
around three times as many amputations and
other permanent disabilities caused globally
every year."™ Most of the burden of snake-
bite is concentrated in rural and tribal(in-
digenous) communities of South Asia, Africa
and Latin America.” Snakebite has garnered
increased attention in the last few years with

,"? Sudha Kallakuri,® Amanpreet Kaur,"

Key questions

What is already known?

» Snakebite is a neglected tropical disease which
causes death and disability, particularly in rural and
tribal people in South Asia, Africa and Latin America.

» Snakebite survivors are known to suffer from long-
term physical and psychological sequala, but not
much is known about mental health manifestations
of snakebite.

What are the new findings?

» The study, to the best of our knowledge, is the first
evidence synthesis on the topic. Only 11 studies (four
case reports, one modelling, two cohort, two cross-
section, one case—control and one randomised
controlled trial) on mental health manifestations of
snakebite were found.

» A high prevalence of post-traumatic stress disorder
(PTSD) and depression was found in snakebite sur-
vivors. Other conditions like hysteria, and delusional
disorders were also reported.

» There is only one intervention study to address psy-
chiatric morbidity after snakebite envenomation.

What do the new findings imply?

» There is a need for more research on psychiatric
morbidity of snakebite, particularly in countries with
high burden on priority basis. This will also help un-
derstand the true burden of snakebite.

» Depression and PTSD are major mental health man-
ifestations in snakebite survivors. There is scarcity
of mental health professionals in countries with high
snakebite burden means there is need for research
to understand how this can be dealt with in these
health systems.

the World Health Assembly passing a reso-
lution to address it in 2018, followed by a
strategy to decrease the death and disability
due to snakebite to 50% of current levels by
2030.%°

Snakebite survivors often suffer perma-
nent or long-term physical and psycholog-
ical consequences owing to myotoxicity,
renal damage, neurotoxicity, coagulopathy
and psychiatric manifestations—all of them
not well studied.”®” This is like many other
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NTDs where the focus has been rather concentrated on
acute manifestation with chronic care and psycholog-
ical manifestations ignored.®? Since health comprises
of both mental and physical aspects; addressing psycho-
logical and physical manifestations need to go hand in
hand to provide an opportunity to snakebite survivors,
and to create a positive change, enabling them to lead
normal, happy and productive lives.'” Not only are the
direct impacts of NTD-related disability on the indi-
vidual still neglected in existing programmes, the indi-
rect, yet significant, impacts on caregivers, families and
communities are often completely overlooked.

While there are several systematic reviews on mental
health for different NTDs, there is no evidence synthesis
to understand mental health manifestations of snake-
bite.®? We, thus, undertook a broad scoping review to
understand the current status of evidence for mental
health conditions after snakebite globally.

METHODOLOGY

Approach to the study

We conducted a scoping review with the objective
to understand available evidence on mental health
conditions after a snakebite. A scoping review is more
appropriate than a systematic review since the inten-
tion is to explore the breadth of evidence in the said
broad topic area rather than answering a more focused
specific question. We are reporting the study as per
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses Scoping Reviews (PRISMA-ScR)
reporting guidelines and this checklist is provided in
online supplemental material 1). An a priori protocol
was developed but was not registered. Differences
between protocol and conduct of scoping review is
noted subsequently.

Eligibility criteria
Types of participants and condition of interest
We included studies that had persons with mental health
conditions following a snakebite irrespective of presence
of envenomation. Considering the broad scope of the
review all mental health conditions that might be poten-
tially related to snakebite was considered as conditions of
interest. This included but was not be limited to:

1. Mood disorders (mania, depression).

2. Neurotic, stress-related and somatoform disorders
(anxiety disorders, posttraumatic stress disorder
(PTSD), somatic symptom disorders).

3. Behavioural syndromes associated with physiological
disturbances and physical factors. Interaction of men-
tal health conditions with other physical sequelae af-
ter snakebite and studies on interventions to address
mental health on snakebite survivors.

Studies focusing only on physical sequelae of snakebite
survivors with only hypothesised link to mental health
were excluded.

Context

We included studies irrespective of the setting (acute
care, primary care or the community), geographical loca-
tion or cultural context in which the study was conducted.

Types of studies

We included primary studies of the following study
design—qualitative studies, randomised controlled trial,
non-randomised intervention studies, cohort studies,
case—control, cross-sectional studies and individual case
reports. We also included modelling studies.

Studies which did not have primary data to supplement
mental health conditions after a snakebite envenomation
and did not specifically answer the research question was
excluded from the review.

Information sources
Electronic databases
We searched five electronic databases including a
specialty mental health database to identify literature
on 10 April 2020 without any restriction of language or
dates. These are
» Ovid MEDLINE(R).
Global Health.
APA PsycINFO.
Embase Classic+tEmbase.
EBM  Reviews-Cochrane
Controlled Trials.
Detailed search strategy is available in online supple-
mental material 2.

vyvyyvyy

Central Register of

Searching other resources

We contacted expertsin the domain of snakebite (through
personal communication) and searched the reference
lists of all included to identify additional studies.

Selection of sources of evidence

Two review authors independently screened records for
consideration of inclusion based on title and/or abstracts.
If decisions about inclusion were unclear at that stage, full
texts of the citation were acquired and assessed for eligi-
bility in the next phase of screening. In the next phase,
at least two authors assessed full texts independently.
Any disagreement about final eligibility was resolved by
consensus with a third review author acting as an arbiter.

Data charting process and content analysis

Two review authors independently extracted data using
a standardised data extraction form in Microsoft Excel.
The data extraction form had two versions—one for indi-
vidual case reports and the other for other study designs.

Critical appraisal of individual studies

We did not conduct risk of bias assessment of included
studies as the study did not intend to understand the
effect of quality of studies on study results.
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Synthesis of results

We grouped together studies on same or similar mental
health conditions after snakebite envenomation and
summarise the findings to identify areas where find-
ings coalesce and where noteworthy gaps in evidence is
observed. We did not conduct any additional quantitative
analysis, other than what was reported in the study.

Differences between protocol and systematic review

We had initially planned to exclude modelling studies but
considering the paucity of evidence we included model-
ling studies. Such post hoc change in criteria was possible
because our search strategy was broad with no filters to
remove any study designs. We added the modelling study,
although it did not provide any primary data, owing to
the general lack of data on the subject and to enhance
the usability of the scoping review as a single-synthesised
source of all evidence on a topic.

Patient and public involvement
Patients or public were not involved in any aspect of the
study.

RESULTS

Study selection

We retrieved 328 records from retrieval of electronic
databases and identified six additional records by other
search methods. We assessed 27 full texts and finally
included 11 publications.""™" Reasons for 16 articles
excluded at full text is presented in online supplemental
material 3. The PRISMA flow chart showing study selec-
tion is shown in figure 1.

3
-] Records identified through Additional records identified
_E database searching through other sources
b In=323) in=#6)
)
=
e Total records
(n=334)
o Duplicates removed
= —
g (n=58)
2
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(Title / Abstract
(n=278)
Records excluded
(n=248)
£ !
Z Fulltext articles assessed
E‘ for eligibility
o (n=27)
Full-text articles
J
— excluded,
— (n=18)
2 studies included in
g synthesis
o (n=11)
=
—
Figure 1 PRISMA flow chart showing selection of studies.

PRISMA, Preferred Reporting Items for Systematic Reviews
and Meta-Analyses.

Characteristics of included studies

We found four case reports (from Nigeria,12 Bangla-
desh,11 Iran'* and Indialg), one modelling study,20 two
cohort studies (from Iran'” and Nigeria®'), two hospital-
based cross-sectional studies (from Nigeria'® and Bangla-
desh'?), one case—control study (with focus group compo-
nent) from Sri Lanka'®, and one randomised controlled
trial from Sri Lanka.'® Only three studies'” ' # included
those with snakebite, irrespective of envenomation status.
All remaining studies had exclusively included those with
snakebite envenomation only. Out of the three studies
which included participants irrespective of envenoma-
tion status, two of them had more than 90% participants
who had received snake antivenom'” *' and one had
37.4% receiving antivenom."?

We found that PTSD was the most commonly studied
mental health condition after snakebite, with five studies
reporting it. Estimates of the burden of PTSD for snake-
bite envenomation was available from a modelling study.*
Other studies from Iran,'” Nigeria,?' Bangladesh' and
Sri Lanka'® focused on PTSD after snakebite envenom-
ation. Depression was seen to be a focus of investigation
in three studies.'® '"* ' One study focused on psychoso-
cial impairment in snakebite envenomation survivors.”!
Two case reports focused on hysteria (classified in Inter-
national Statistical Classification of Diseases and Related
Health Problems, 10th revision i.e. ICD-10 as unspecified
Dissociative and conversion disorder),11 2 and one case
report pertained to organic delusional (schizophrenia-
like) disorder'® after snakebite envenomation. Studies
also focused on acute stress disorder'” and psychiatric
symptoms like visual hallucinations, and anxiety.'* '’ The
randomised controlled trial from Sri Lanka'" aimed to
assess the effectiveness of brief intervention on psycholog-
ical morbidity due to snakebite (consisting of psychiatric
symptoms, depression, psycho social disability, PTSD).
This was the only interventional study. Most studies did
not report funding. Two studies were funded by South
Asian Clinical Toxicology Research Collaboration' '
and one study by the Nigerian Field Epidemiology and
Laboratory Training Program.18

Summary characteristics of included studies are
presented in table 1.

The results of the scoping review are presented into
two broad subsections. The first provides a summary of
evidence on several mental health conditions after snake-
bite envenomation and the later provides evidence on
interventions to addressing it.

Findings of mental health conditions after snakebite
envenomation
Post-traumatic stress disorder
Estimates of the proportion of snakebite survivors having
PTSD varied from 8% to 43% across different studies
reported in this review.

In Iran, PTSD was found in 8% of survivors with half
of these developing chronic PTSD (statistically higher
in younger people and also in females).!” The study
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Mental health condition

Author(s) reported after snakebite
and year of Conflict of  (including envenomation
publication Study design Country Study setting Funding interest status)
Ali 1948 Case report Bangladesh 40-year-old woman Not reported Not reported Hysteria (non-convulsive)
seen in community after snakebite envenoming
(home-visit) in a rural
area

Mehrpour et Case report Iran 19-year-old man soldier Not reported Authors Visual hallucination

al 2018 admitted in emergency declared no  (psychiatric symptom only
department of a competing  with no cause identified)
hospital interests. after Adder envenoming

OTHER PRIMARY STUDIES

Khosrojerdi Cohort Iran Hospital based in a No funding  Authors Acute stress disorder;
and Amini, medical toxicology declared no  PTSD after snakebite,
2013"7 centre competing  irrespective of
interests. envenomation status
(90.5% received snake
anti-venom)

Muhammed Cross- Nigeria Regional snakebite Nigerian Field Authors Depression after snakebite

etal, 2017'® sectional reference centre in Epidemiology declared no envenoming (inferred as all
a hospital within the and competing patients had received anti-
Sudan savannah Laboratory interests. venom)

vegetation of the Benue Training
river valley and known Programme
for carpet vipers’

envenomation.

Continued

=

Bhaumik S, et al. BMJ Global Health 2020;5:6004131. doi:10.1136/bmjgh-2020-004131



8 BMJ Global Health

Table 1 Continued

Mental health condition

Author(s) reported after snakebite
and year of Conflict of  (including envenomation
publication Study design Country Study setting Funding interest status)
Habib et al, Cohort Nigeria General Hospital in Not reported Authors Psychosocial impairment,
2020% an insurgency prone declared no PTSD after snakebite,
area. The hospital is competing irrespective of
in a semi-urban town interests. envenomation status (93%
that serves as the received snake antivenom)
headquarters to the
Local Government
Area.
MODELLING STUDY
Halilu et al, Modelling 41 sub- 41 sub-Saharan African Not reported Not reported PTSD after snakebite
2019%° Saharan countries envenoming
African
countries

PTSD, post-traumatic stress disorder.

used the Structured Clinical Interview for DSM-IV Axis 1
Disorder (SCID-1) questionnaire for diagnosis. The study
from Sri Lanka'® found that the mean Post-traumatic
Stress Symptom Scale-Self Report score among snake-
bite envenoming cases was 10.5 (SD 12.7) with 21.6%
of cases meeting the criteria of PTSD. The total PTSD
score was also seen to correlate strongly with the disability
scores and the depression and anxiety scores in the study.
This was similar to what was reported in a study among
tribal population in Bangladesh having a prevalence of
27.83% for PTSD."” The prevalence of PTSD among those
exposed to snakebite was reported to be even higher at
43% in the study from Nigeria.”'

Halilu et al,” in their modelling study, estimated a
total of 55332 (95% CI 45826 to 64 769) PTSD cases
after snakebite envenomation (among 268471 snakebite
cases) in 41 sub-Saharan countries. Overall PTSD was
estimated to account for 14.9% of the total burden after
snakebite envenomation. With a PTSD disability weight of
0.11 being applied, the estimated burden of PTSD after
snakebite envenomation was estimated to be 0.88 million
disability-adjusted life years (DALYs) (95%CI 0.68 to
1.11 million DALYs) and 0.91million DALYs (95% CI
0.70 to 1.14million DALYs) for scenarios of 4% and
21.6% of survivors developing chronic untreated PTSD,
respectively. The study also provides country level esti-
mates for the same. However, a key limitation of the study
was that the study used prevalence of PTSD in snake-
bite envenoming (21.6%) observed in a study from Sri
Lanka (reported later) rather from within Africa and the
average duration used was for PTSD in general and not
specifically after snakebite envenoming in the modelling
exercise.

Depression
The prevalence of depression in those affected by snake-
bite ranged from 25% to 54% in different studies.

The lowest prevalence was reported in a study from
Nigeria'® where 25% of patients had a diagnosis of depres-
sion (with 7.5% being moderate and 4.35 being severe),
detected through the Patient Health Questionnaire but
with none of the cases were recognised by attending clini-
cians. Severe depression was found to be significantly
associated with history of snakebites (OR 8.3, 95% CI 1.9
to 36.5), worrying about financial loss (OR 14.6, 95% CI
1.8 to 121.5), time loss (OR 14.6, 95% CI 1.8 to 121.5)
and family welfare (OR 31.5, 95% CI 6.5 to 152.9).

The prevalence of depression was much higher at
33.9% in the study among tribal people of the hilly tracts
of Bangladesh.'” The study from Sri Lanka'® found that
mean depression score was 19.1 (SD 7.7) in snakebite cases
(using the Modified Sinhala version of the Beck depres-
sion inventory) which was significantly higher than that
of controls who had a score of 14.4 (SD 2.5)) (p,0.001;
mean difference 4.74 (95% CI 3.02 to 6.46)). This trans-
lated to 54% of those who were affected by snakebite
having depression (compared with 15% in controls).
The value was much lower at 23% of cases (compared
with 2.3% of controls) having depression when using the
depression subscale scores in the Hopkins checklist.

Hysteria (currently classified in ICD-10 as unspecified Dissociative
and conversion disorder)

There are two case reports on hysteria after snakebite—
one from Bangladesh in 1948" and another from Nigeria
in 1992." Both these cases were females and were mani-
fested in the acute setting with no long-term sequelae
reported. There are no other studies reported.

Organic delusional (schizophrenia-like) disorder

There is only one reported case of organic delusional
(schizophrenia-like) disorder (ICD-10) from India
published in 2018."> The patient was a 42-year-old man
who initially presented with symptoms of ‘generalised
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hypopigmentation of the skin and truncal hair loss, which
was gradual in onset of more than 12 years’ after a Russel
viper bite (based on history). The diagnosis was done by
specialist psychiatrist with the condition manifesting as
‘psychosis in clear consciousness following a secondary

empty Sella syndrome as the sequelae of a snake bite’."”

Psychosocial impairment

There was only one study from Nigeria on psychosocial
impairment in survivors of snakebite and it found that
survivors had significantly poorer quality of life score
in the psychological and social domains using the Brief
version of the WHO Quality of Life Instrument.”’ Those
with snakebite also had impaired family/school func-
tioning (using Sheehan’s Disability Scale).

Other unspecified mental health manifestations

A study from Iran'” reported an acute stress disorder in
15% of patients with snakebite (3 weeks postbite) using
the SCID1 questionnaire. Acute stress disorder was signif-
icantly higher in those who were younger and female.

A study from Bangladesh' reported acute (early)
psychiatric manifestations like ‘hallucination (25.6%),
acute psychosis  (15.7%), psychogenic convulsion
(2.4%), difficulty in concentration (2.4%) and aggres-
sive behaviour (0.8%)’ without any specific psychiatric
diagnosis. Transient visual hallucination, with no chronic
sequelae also noted in a case of a 19-year-old man soldier
who had been bitten by an Adder snake."*

Intervention to prevent mental health condition after
snakebite envenoming
There was only one intervention study—a randomised
controlled trial conducted in Sri Lanka'® which evaluated
the effectiveness of the following interventions, admin-
istered by non-specialist doctors, who had been trained
by a specialist psychiatrist, for preventing psychological
morbidity after snakebite envenoming:

» DPsychological first aid and psychoeducation at
discharge.

» Cognitive-behavioural
tion (single brief
post-discharge).

Both the arms were compared with a control arm which
did not receive any intervention. The study'” found that
none of the two interventions were effective in decreasing
the proportion of patients diagnosed with depression or
PTSD. The study reported only a trend for decrease in
psychiatric symptoms of depression from no interven-
tion to those who received intervention at discharge and
those who received CBT 1-month postdischarge (x* test
for trend=7.901, p=0.005). A similar trend was also noted
for overall prevalence of disability (yx* for trend=7.551,
p=0.006).

therapy (CBT) interven-
session conducted 1month

DISCUSSION
Our scoping review found only 11 studies globally, which
included four case reports and one modelling study,

on mental health after snakebite—thus demonstrating
the scarcity of evidence on it. From available evidence,
PTSD and depression are seen to be important mental
health conditions after snakebite envenomation, with
estimates of its prevalence, as high as 43% and 53%.
Studies have reported anxiety as a manifestation too. Not
much is known about other mental health conditions in
snakebite survivors. There was only one interventional
study—a randomised controlled trial which found non-
specialist doctor delivered interventions were not effec-
tive in preventing depression or PTSD.

The prevalence of depression and PTSD after snakebite
envenomation varied widely between studies and might
be due to the setting, the type and nature of snakebite
experienced or the screening tool used to identify the
mental health conditions (no single screening tool was
used across studies to enable comparison). Only three
studies had included participants irrespective of enven-
oming status—with majority of them being on those
envenomed. Based on current evidence, it is thus not
possible to say how common mental health condition is
after bites due to non-venomous snakes or due to bites
by venomous snakes with no clinical symptoms (i.e. dry
bites). Species-specific information is also not available.
There are several socioeconomic and cultural factors
that are associated with snakebite which include losses
associated with premature death and ill health sequelae,
loss of productivity and ability to work, and healthcare
expenses associated with human cases in affected house-
holds.” ** Screening tools for mental health conditions
are important in the context of snakebite, as its burden
is majorly in low-income and-middle-income countries
(LMICs) and in primary care setting, where specialist
psychiatric services are almost non-existent, an issue well
recognised in mental health literature.**® The General
Health Questionnaire-12 has been validated in multiple
settings for common mental health disorders for those
with physical illness®—and this might be the most
suitable for the purpose of mental health after snake-
bite envenoming. For PTSD particularly, the Harvard
Trauma Questionnaire and Post-traumatic Diagnostic
Scale are the most commonly validated tool in LMIC
setting.** This apart there are other tools like Primary
Care PTSD screen-5 which leads to those being screened
positive undergoing specialist psychiatric assessment or
through a more detailed Clinician-Administered PTSD
Scale for Diagnostic and Statistical Manual of Mental
Disorders (DSM), 5th revision (CAPS—5).27 2 However,
these tools have not been evaluated for in countries with
high snakebite burden(like India, sub-Saharan African
and Latin American countries).”* The validation of
tools in multiple countries important considering the
cultural and religious connotations around snakebite
in almost all countries.” **7! such, there is a require-
ment of validating even tools in the context of snake-
bite in different settings using the diagnostic interviews
by specialist mental health professionals which can take
into account cross-cultural issues.* In addition to this,
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it is also important to conduct studies which look at the
mechanisms of the stress/trauma that has been caused
due to snake bite envenomation such that interventions
can be designed to address the psychological morbidity
of snakebite accordingly. Exploring the links between
socio-cultural and religious contexts, including stigma
and mental health manifestations is key—there is need
for more social sciences research in this domain.” Role
of gender and diagnosis of PTSD has been mentioned
by Khosrojerdi and Amini'” but gender issues largely
remains underexplored. Understanding the effect of
snakebite envenomation on individuals with pre-existing
mental health conditions and those who are at high risk
for developing mental disorders, for example, refugees
is required.

Overall there is a need for funders as well as researchers
to study mental health after snakebite envenomation
globally. Our scoping review found almost no evidence
from countries which have high burden of snakebite,
including from India. While itis known that India contrib-
utes to about half of the global deaths due to snakebite,
the lack of evidence around the burden due to mental
health conditions like PTSD and depression needs
priority attention. In October 2020, WHO has released
an advocacy brief on mental health of people with NTDs
which calls for people-centric integrated care to address
it.* The list of practical guidelines and manuals provided
in the advocacy brief”> does not have any specific advice
for snakebite, and all the evidence and case- studies cited
are from other NTD, although snakebite is mentioned.
Snakebite is the only non-communicable disease classi-
fied as an NTD, and as such, evidence for other NTDs
mightnotbe transferable to snakebite. The WHO-SEARO
guidelines and the WHO-AFRO guidelines on snakebite
also do not provide any specific advice on aspects of
management.”*** There is a need for developing specific
guidance on the topic while the evidence base for the
same is developed.

The scarcity of mental health professionals in coun-
tries with high snakebite burden means there is need for
research on modality of implementation of interventions
(particularly type of health workforce engaged) which
can address the problem.” *” Interventions to improve
recognition of mental health manifestations of snake-
bite by primary care clinicians is essential. There is also
need for primary research to understand the natural
history of mental health manifestations and its social
and cultural aspects. Research on mental health condi-
tions after snakebite envenomation will not only help
understanding clinical management (thus contributing
to development of integrated care models for snakebite
envenomation® but will also help understand the true
disease burden of snakebite. Snakebite like many others
NTDs have lowest disability burdens being assigned to
them owing to lack of recognition of the chronic aspects,
particularly mental health manifestations, of the condi-
tion. This can not only help us understand morbidity and
aspects of clinical management better, it can also provide

us information on the economic costs of the disease and
the burden on caregivers.

CONCLUSION

Depression and PTSD are major causes of morbidity in
those with snakebite envenomation but remain under-
studied and underexplored globally. There is a need for
more research on understanding the neglected aspect

of morbidity of snakebite, particularly in countries with
high burden.

Twitter Soumyadeep Bhaumik @DrSoumyadeepB
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