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Snakebite envenoming causes up to 138,000 deaths and 400,000 permanently disabled victims worldwide every year. Flooding is
one of the many factors that seems to influence the incidence of snakebite. The catastrophic floods from late 2018 in Kerala (India)
were widely broadcast and are an example of how flooding events are related to the increased incidence of snakebite. This
relationship has been mentioned regularly in scientific and grey literature, but usually quite scarcely in comparison to other topics
linked to snakebite. Additionally, web media, mobile communications, and social media have started playing an important role
not only in providing access to information on flooding-related snakebite events, but also in snakebite prevention at a larger scale.
In order to better understand to what extent the relationship between snakebite incidence and flooding is reported and quantified
and appraise the importance of mobile communications and social media in snakebite prevention and management, we per-
formed multiple searches in generic (Google) and specialized (PubMed, Web of Science, Google Scholar) databases. We retrieved
68 scientific articles and 5 reports ranging from 1892 to 2018 mentioning or analyzing flooding and the increased incidence of
snakebite. Additionally, we found 68 web media reports linking flooding and snakebite. This review indicates that the increase of
snakebite incidence due to flooding has been repeatedly observed all over the world. This phenomenon could be exacerbated
because of climate change, which is expected to increase the overall magnitude and frequency of flooding. However, it could also
be mitigated by the role the Internet, mobile communications, and social media could play in snakebite prevention and human
and animal rescue strategies during flooding.

1. Introduction

Snakebite envenoming is a greatly underreported neglected
tropical disease (NTD) responsible for up to 138,000 deaths
and 400,000 permanently disabled victims worldwide every
year [1]. The link between flooding and increased snakebite
incidence has been recurrently, but unremarkably mentioned
in the scientific literature [1-47]. Formatively, the increase in
snakebite cases after a flooding event in 1891 was what led
French physician Albert Calmette to develop the first anti-
venoms [8]. In addition, within the recommendations

addressed to the World Health Organization (WHO) to put
snakebite back onto its official list of NTDs in 2017, flooding
was given as one of the main environmental risk factors
leading to an increased incidence of snakebite [48].

During late August and early September 2018, web
media storm followed the devastating floods in the region of
Kerala in India, the worst of such events since 1924 [49].
More than 20 different online news sources, from at least 10
countries and the WHO, covered the news. However, this
time, the focus was not just on the destruction produced by
the flooding itself, but also on the many snakes apparently
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left by the receding waters. This displacement of snakes, and
the reported rise in snakebite incidence, caused additional
distress and fear among the flood-affected population. As an
answer to this threat, experts from the Wildlife Trust of
India, the Indian Snakebite Initiative, and public relations
office of the state government put in place a support strategy
including WhatsApp numbers used to contact experts to
identify, capture, and relocate snakes (see entries 1.20, 1.68,
and 1.70 in Appendix S1 in the supplementary material. This
continues a recent trend where mobile communications
(text messages, WhatsApp, Twitter, etc. are becoming in-
creasingly common in supporting humanitarian emergen-
cies worldwide [50, 51].

In some of the world’s snakebite hyperendemic areas,
seasonal snakebite peaks are often linked to rainy seasons
(Table 1), which in South Asia are directly associated with
monsoons. Similarly, flooding due to hurricanes and cy-
clones has been connected to an increased incidence of
snakebite in the United States [45], the Gulf of Yucatan in
Mexico [46], and Odisha in India [33, 75]. An explanation
for this correlation seems to lie with the natural tendency of
all terrestrial animals to seek dry, higher grounds during
flooding [22, 36, 45, 63, 64]. Snakes are likely to abandon
flooded burrows or be swept from their home ranges
[2, 6, 16, 26, 37, 65], ending up in or near human dwellings
and other places where animals and humans seek refuge,
bringing them into closer contact [7, 12, 20, 30].

Our objectives are

(1) To highlight what seems to be a natural response of
snakes to flooding.

(2) To understand the extent to which increased
snakebite is reported during floods.

(3) To gauge the importance of newly available com-
munication resources in preventing the negative
consequences of these encounters for humans and
snakes.

2. Methods

We conducted a series of online searches using different da-
tabases to understand the extent of literature and media cov-
erage of the events linking increased snakebite incidence to
flooding. To get a wider overview of this phenomenon, we not
only searched for scientific and grey literature, but also for web
media, which is becoming increasingly important for sharing
information, educating the public, and managing disasters.
For the scientific and grey literature, we carried out
comprehensive searches between September 25 and No-
vember 30, 2018, in three specialized databases: PubMed,
Web of Science, and Google Scholar (Appendix S1 in the
supplementary material). We considered any publication
that mentioned a relationship between snakebite incidence
and flooding. In a few cases, we also included publications
discussing the effects of flooding on snakes that could give
contextual support. Additionally, we looked for further grey
literature using cascade searches from references previously
found and results from databases of international health
organizations (i.e. the WHO and the Pan American Health
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Organization). For the web media reports, we started by
running a general search in Google for information about
the latest Kerala floods (flood AND Kerala AND snake). We
analyzed the first 120 entries (up to the point where sites or
sources started to reappear), and we selected all mentioning
the increase of snakebite cases or snakes occupying homes
and shelters after the flood. Then, we expanded our eval-
uation by running an advanced Google search in four
languages (English: snake flood snakebite OR snake-bite OR
“snake bite” —piercing -filter needed to avoid hits about
a type of body piercing called snakebite—; Spanish:
inundaciéon OR inundaciones AND “mordedura de ser-
piente”; French: inondation AND “morsure de serpent”;
German: Uberschwemmung AND Schlangenbisse) to in-
clude results from other countries (both target and source).
From each source, whenever available, we gathered the
following details: authors (or news provider), location,
publication date, snake species reported, snakebite increase,
climatic conditions, and the circumstances associated with
the phenomenon (Figure 1).

We assumed “flooding” as the main term defining
a climatological event presumably leading to increased in-
cidence of snakebite because it was mentioned in almost all
the reports found (either alone or with additional causes).
However, depending on their scope, the wording used in
some articles included “intense precipitation” (in experi-
mental ecology) or simply “monsoon,” assuming a tacit
understanding of what this phenomenon implies for the
South Asian region (in clinical epidemiology).

It is important to clarify that not all snake bites lead to
envenomation. This is because they are either “dry bites” or
they are from nonvenomous snakes [1]. Here, it was not
possible to stratify our findings by the risks posed by each
type of bite, as too little information was available. However,
despite a reasonable assumption that flooding would affect
most species of snakes and therefore their proximity to
humans and probability of bites similarly, it is also probable
that the underreporting affecting venomous snakebite is
even greater for non-venomous cases.

3. Results

The specific searches for scientific and grey literature gen-
erated 68 articles and 5 reports, respectively. Grouped results
summarizing the number of reports found by country and
type of publication are presented in Figure 2 and detailed in
Table S2 in the supplementary material. We found 25 online
news sources about the events in Kerala. Using Google’s
advanced search, we found 43 additional web media reports
connecting increased incidence of snakebite with flooding (
entries 1.1-1.68 in Appendix S1 in the supplementary
material).

In addition to “flooding,” in the scientific literature,
several authors gave other reasons to explain the ac-
knowledged increase of snakebite incidence (Table 1I).
These reasons are connected either to the causes of flooding
or to the environmental and ecological consequences of it.
Web media, in much shorter reports, also gave “flooding”
as the main cause for increased incidence of snakebite
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TasLE 1: Flooding and other associated reasons for increased incidence of snakebite in scientific literature. The percentages of appearance do
not add up to 100%, since several causes are mentioned per report.

Topic Details

References %

Increased snakebite
incidence during
flooding events

Flooding

[1-48, 52-62] 86.8

Flooded burrows and
habitats force snakes
to find shelter in
higher grounds

Habitat

[2, 6,7, 12, 13, 16-22, 24, 26, 27, 30, 36, 37, 40, 41, 44, 45, 52, 54, 56, 58, 60, 63-66] 45.6

Snakebite peaks are
linked to the rainy
season(s)

Seasonal
peak

[1, 3, 5-7, 9-15, 17, 20, 23, 27-30, 32, 35-37, 40, 43, 44, 47, 55-59, 61, 64, 66-68] 544

Agricultural activities

increase exposure and

take place during the
rainy season

Agriculture

[1-4, 6, 9-13, 15, 17, 20, 23, 27, 29, 35-37, 39, 43, 44, 47, 52, 55, 56, 60, 61, 66, 68-74]  52.9

The number of several
prey species grows
during the rainy
season (or are also
displaced)

Snake’s
prey

[9, 18-20, 24, 29, 30, 39, 41, 43, 44, 52, 56, 70] 20.6

Snakebite peaks are
usually linked to the
monsoon in Asia

Monsoon

[2-4, 6,9, 12, 13, 16, 18, 19, 21, 24-26, 29, 30, 32, 34, 36, 39, 41-44, 52-54, 56, 58, 60, 62] 45.6

Cascade search, l

Grey
literature - WHO/PAHO

Media Search Keywords Gathered information
@ Y @ DY o
Scientific PubMed, WoS, See: suppl.
literature - google scholar ‘ materialS1 -
L 4 | 4 \ ) (i) Author/provider
(ii) Location
(iii) Publication date
Web Google: simple 5 .
. - - See: methods - (iv) Species
media and advanced (v) Snakebite increase

(vi) Climatic conditions
(vii) Associated values

Snakebite -

Figure 1: Workflow of the literature review process.

(70.8% of the reports), followed by the argument that
flooded burrows force snakes to search dry, higher grounds
(20.8%).

Of the scientific publications focusing on Asian coun-
tries, 61.5% indicated a relationship between “the monsoon”
and the increase of snakebite. In South America, intense
rains caused by the El Nifio-Southern Oscillation have also
been linked to more snakebite cases in Ecuador [17]. Sim-
ilarly, between 2015 and 2018, several United States news
sources identified torrential rain, from hurricanes such as
Irma (early September 2017) and Florence (early September
2018), as a cause of more snakebite cases in the southern
states of Texas, Oklahoma, Alabama, North and South
Carolina, Missouri, and Florida (Appendix SI in the sup-
plementary material).

While 92.3% of the articles positively associated flooding
with increased snakebite, a few exceptions (7.7%) did not detect
or report any incidence increase or reported that the rainy
season and the associated flooding were negatively correlated
with snakebite incidence [22, 60, 63, 70, 77]. We did not find any
studies focusing on and analyzing the actual effects of flooding
and similar catastrophic climatic events on snakebite incidence.
Within the articles quantifying the association between flooding
(or related weather patterns) and snakebite incidence, the large
majority (83.8%) were retrospective clinical or epidemiological
studies [4, 6, 7, 9, 12, 13, 18-20, 23-26, 28-30, 34, 35, 37, 40,
41, 43, 60, 66, 77, 78]. Most of them (25) provided comparable
summary statistics that along with two surveys [27, 44] and one
paper on economic burden [39] allowed us to analyze their
results for the monthly number of snakebite cases according to
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FIGURE 2: Geographical representation of the number of reports found according to the type of publication. The maps are projected in the

World Robinson coordinate reference system on QGIS 3.4.15 [76].
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the climatic conditions. The studies analyzed were all located in
countries in South Asia, and therefore, all referred to a snakebite
incidence peak during the monsoon or rainy season, which
reportedly lasted between 2 and 6 months (mean 3.68, 95% CI:
3.24-4.11). The annual incidence peaks reported in the studies
ranged between 33 and 84.4% of snakebite cases during the
flooding times or rainy season. The mean incidence per month
for these studies during the peaks was thus 16.86% (95% CI:
15.02-18.69). Based on these values and for the 28 studies, we
obtained an estimated average annual incidence of 62.03%
linked to flooding during the peak rainy season in South Asia.

In web media, snakebite increase was usually reported in
a nonstandardized way, mostly stating that larger numbers
of victims attended local hospitals or mentioning individual
snakebite cases directly linked to the flooding. In addition to
the events in Kerala, we found that social media have been
previously used for snakebite prevention (through
WhatsApp group chats) at least twice, in both South Africa
and India. In these cases, social media helped to support
local communities with preventive measures and to rescue
both people and snakes (entries 1.69 and 1.70 in Appendix
S1 in the supplementary material).

A recent scoping review has found a scarcity of published
data on snakebite in animals in flood-prone areas [79]. One
scientific article [62] and two reports in web media (entries
1.71 and 1.72 in Appendix S1 in the supplementary material)
report an increase of snakebite incidence in livestock and
pets in flooded areas, which would suggest that this phe-
nomenon occurs in parallel to that in humans.

4. Discussion

Overall, media and some scientific reports suggest that
seasonal increase of snakebite incidence in relation to
flooding is caused by greater exposure of humans and
snakes to each other. Such exposure may occur when
floodwaters force snakes out of their burrows and home
ranges, ostensibly putting them in closer contact with
people (including emergency rescuers) in houses, shelters,
or higher grounds (Table 1 and entries 1.1, 1.25, 1.50-1.55,
1.63, and 1.65-66 in Appendix S1 in the supplementary
material). Only a handful of studies have directly examined
response of snakes to monsoonal rains or floodwaters,
although seasonal cycles of activity are strong and ubig-
uitous [80]. Responses vary by species and include shifts in
encounter rate, feeding rate, reproductive rate, and body
condition that precede or coincide with monsoons or
hurricanes [81-86], but also the absence of obvious re-
sponses [87].

Of the articles reviewed, only five reported a negative
correlation between flooding and increased snakebite in-
cidence or no  differences  between  seasons
[22, 60, 63,70, 77]. These results can be explained in different
ways. In Costa Rica, Chaves et al. [70] reported both negative
and positive correlations depending on the area. In India and
the U.S.A,, the articles [22, 60, 63] share environmental and
geographic conditions with many other papers reporting
positively correlated events. Finally, the article by Moccetti
etal. [77] illustrates particular environmental settings where

long-term flooding is an ordinary situation (Amazon basin),
and the main comparison was carried out only between the
wet seasons of two years.

One factor favoring the studied phenomenon in the
south Asian plains is the dynamic annual precipitation
patterns, where most of the annual rain falls in a period of 3
to 4 months, leading to vast areas of land being continuously
submerged under several centimeters of water. In other
regions with a high risk of snakebite, such as Central and
western South America, the rugged topography favors fast
drainage of terrains, avoiding prolonged standing flood-
waters, which challenges the common explanation of floo-
ded burrows that force snakes to search for higher ground.
To the best of our knowledge, comparable evidence from
Africa about this phenomenon is not available, although
snakes in Africa also exhibit increased activity during the wet
season driven by activity of their prey [88].

Population density of both venomous snakes and people
might also be an important factor exacerbating the different
regional effects of flooding on snakebite. South of the
Himalayas, densely populated (rural, semirural, and urban)
areas intersect with a high abundance of venomous snakes,
whereas in South and Central America, the overall population
density is 2-10 times lower, and urban areas overlap with the
habitat or geographic ranges of a diverse community of
medically relevant venomous snakes less often. However,
Luiselli et al. [89] found no relationship between the number
of venomous snake species or individuals in a part of the world
and the number of snake bites that occur there.

Catastrophic events with extensive media coverage, like
those in Kerala, show that the current availability of online
resources is generating alternative solutions to the snakebite
problem by connecting the population with networks of
snake experts and snake catchers. These can give advice and,
when possible, assist with the identification and relocation of
dangerous snakes (entries 1.67-1.68 in Appendix SI in the
supplementary material, Jose Louies pers. comm.). The crisis
management in Kerala and previous use of social media in
snakebite prevention in India and South Africa are good
examples of the use of online technologies to protect both
people and snakes. The use of web media has become
progressively accessible even to low-income populations via
smartphones and the Internet. This simplified access to
information might play a fundamental role in future pre-
vention or rescue campaigns, not only as a method to
contact herpetological and medical assistance, but also to
disseminate preventive measures to the public.

According to global analyses, extreme weather condi-
tions, and especially flooding, are increasing overall in
frequency and magnitude [90-92]. Depending on local
conditions, more intense, prolonged, and unpredictable
flooding, in combination with relentlessly growing human
populations and encroachment on wild environments, will
likely mean higher snakebite risk and incidence [63, 70].

5. Conclusions

The relationship between flooding and the increased in-
cidence of snakebite has been observed since the late 1800s,



but it is usually mentioned only in passing and has rarely
been quantified. Most reports associated flooding with an
increased incidence of snakebite. Our review shows that
flooding seems to dramatically increase the exposure of
people and snakes to each other.

WhatsApp, Twitter, text messages, and other mobile
communication methods as well as social media are playing
an increasingly important role in prevention and manage-
ment of snakebite emergencies. The International Tele-
communication Union reported that about 97% of the world
population lives within the reach of a mobile cellular signal,
and that coverage is 88.7% in the least developed countries
[93]. Innovative applications of conventional technology,
such as RapidSMS, aim to improve social, environmental,
and health issues of populations most in need, such as those
in remote places [94], facilitating the collection and sharing
of complex information via SMS. Improving access to
mobile communications by the populations most affected by
snakebite and flooding has started to provide valuable
support for the prevention and management of this NTD,
especially after flooding events.
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