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ABSTRACT
Envenoming snakebites are thought to be a particularly important threat to public health worldwide, especially in rural areas 
of tropical and subtropical countries. The true magnitude of the public health threat posed by snakebites is unknown, making it 
diffi cult for public health offi cials to optimize prevention and treatment. The objective of this work was to conduct a systematic 
review of the literature to gather data on snakebite epidemiology in the Amazon region and describe a case series of snakebites 
from epidemiological surveillance in the State of Amazonas (1974-2012). Only 11 articles regarding snakebites were found. In 
the State of Amazonas, information regarding incidents involving snakes is scarce. Historical trends show an increasing number 
of cases after the second half of the 1980s. Snakebites predominated among adults (20-39 years old; 38%), in the male gender 
(78.9%) and in those living in rural areas (85.6%). The predominant snake envenomation type was bothropic. The incidence 
reported by the epidemiological surveillance in the State of Amazonas, reaching up to 200 cases/100,000 inhabitants in some 
areas, is among the highest annual snakebite incidence rates of any region in the world. The majority of the cases were reported 
in the rainy season with a case-fatality rate of 0.6%. Snakebite envenomation is a great disease burden in the State of Amazonas, 
representing a challenge for future investigations, including approaches to estimating incidence under-notifi cation and case-
fatality rates as well as the factors related to severity and disabilities. 
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EPIDEMIOLOGIC CONTEXT OF SNAKEBITES 
WORLDWIDE AND IN BRAZIL

A snakebite is an injury caused by a bite from a snake, often 
resulting in puncture wounds infl icted by the animal's fangs and 
in some cases resulting in envenomation. Although snakebites 
occur worldwide, envenoming snakebites are thought to pose 
a particularly important yet largely neglected threat to public 
health in rural areas of tropical and subtropical countries. The 
true magnitude of the public-health threat posed by snakebites in 
these countries is unknown, which makes it diffi cult for public 
health offi cials to optimize prevention and treatment(1) (2) (3) (4). 

Globally, at least 421,000 cases of envenomation and 
20,000 deaths occur each year due to snakebites, and the true 
fi gures may be as high as 1,841,000 cases and 94,000 deaths. 

Based on the fact that one in every four snakebites causes 
envenomation, between 1.2 million and 5.5 million snakebites 
may occur annually(4). In Brazil, health providers were required 
to notify authorities of envenomations beginning in 1986. The 
importance of envenoming snakebites is revealed by the high 
number of reported cases in the Brazilian Information System of 
Notifi able Diseases [Sistema Nacional de Agravos de Notifi cação 
(SINAN)]. The under-reporting of these incidents is a serious 
problem, as they have previously only been reported in poisoning 
control centers. The objectives of snakebite epidemiological 
surveillance are to reduce the incidence of this type of incident by 
promoting health education and to reduce its severity, frequency 
of sequelae and lethality through the appropriate use of serum 
therapy(5). In Brazil, SINAN has reported a considerable increase 
in the number of reported snakebites since 2001. In 2008, 
26,156 incidents were recorded in the country, corresponding 
to an incidence of 13.8 cases per 100,000 inhabitants. 
However, there is a significant variation among regions, 
with the highest incidence occurring in the North Region(5).

Snakebite outcomes depend on numerous factors, including 
the species, the area of the body bitten, the amount of venom 
injected, and the health conditions of the person bitten. Most 
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snakebites, whether by a venomous snake or not, will have some 
type of local effect. Bites may be extremely painful, with the local 
tissue in some cases becoming severely swollen within fi ve minutes. 
This area may also bleed and blister and can eventually experience 
tissue necrosis. Other common initial symptoms include lethargy, 
bleeding, weakness, nausea, and vomiting. Depending on the snake 
genus, symptoms may become more life-threatening over time, 
developing into hypotension, tachypnea, severe tachycardia, severe 
internal bleeding, altered sensorium, kidney failure, and respiratory 
failure(5) (6). In Brazil, envenoming snakes are represented by 
the genera Bothrops (known as jararaca, jararacuçu, urutu, 
caiçaca, comboia), Crotalus (cascavel), Lachesis (surucucu-
pico-de-jaca) and Micrurus (true coral) (5). Bites from non-
venomous snakes can also cause injury, often due to lacerations 
caused by the snake's teeth or from a resulting infection(5) (6).

SNAKEBITE EPIDEMIOLOGY IN THE BRAZILIAN 
AMAZON: A SYSTEMATIC REVIEW

A systematic review was conducted to identify relevant 
information regarding the snakebite epidemiology in the 
Brazilian Amazon, using the concept of the Legal Amazon, 
which comprises the States of the North Region, Mato Grosso 
and Maranhão. The sources of published data on snakebites 
in the Brazilian Amazon were MEDLINE (Medical Literature 
Analysis and Retrieval System Online) (1948 to March 
2013) and LILACS (Literatura Latino-Americana) (1982 to 
March 2013). The following search strategy was employed 
for both databases: (Snakebite OR Snake bite OR Ophidism 
OR Ophidia).mp AND (Amapá OR Amazonas OR Acre OR 
Rondonia OR Roraima OR Tocantins OR Pará OR Maranhão 
OR Mato Grosso).mp. Studies were also searched in the 
Journal Acta Amazonica (published by the Instituto Nacional de 
Pesquisas da Amazônia, Manaus, State of Amazonas) from 1971 
to 2013 (April-June issue) and directly on the journal website 
(http://acta.inpa.gov.br/home.php?opcao=fasciculos). Acta 
Amazonica is the most traditional scientifi c journal published by 
an Amazonian institution. All study design types with primary 
data were included. The abstracts were analyzed in detail by 
two independent reviewers, and publications were selected if 
they provided any type of epidemiological information in at 
least one patient with a diagnosis of snakebite. Disagreement 
between the two reviewers was solved through consensus. From 
the included studies, data were extracted on the publication 
date, study design, origin of data (epidemiological surveillance 
or medical records), number of patients, seasonality, snake 
species/incident type, anatomical region affected, time until 
medical care, participant characteristics (e.g., gender, age 
range, occupation, and rural/urban residence) and case fatality. 
Studies were excluded if they did not have snakebites as the 
target condition and if they focused solely on biochemical and 
pharmacological venom assays, snake biology, physiology 
and ecology and on results obtained outside of the Amazon. 
Results from intervention studies were also excluded. Potentially 
relevant papers in all languages were accessed to review the full 
text. The references and reviews cited by each relevant paper 
were scrutinized to locate additional papers. 

Through abstract analysis, 73 articles were retrieved, 
and after application of the inclusion and exclusion criteria, 
11 articles(7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) were selected 
(Figure 1). These studies were published from 1996 to 2012, 
and they included six case series (fi ve based on epidemiological 
surveillance and one on hospital medical records), two 
questionnaire-based community surveys and three case reports. 
The case series studies were carried out in the State of Acre (one 
from Cruzeiro do Sul with 195 cases(17) and one from Rio Branco 
with 140 cases(11)), Amapá (909 cases throughout the state) (12), 
Amazonas (1,576 cases from 34 municipalities) (9), Mato Grosso 
(307 cases from Cuiabá) (8) and Roraima (309 cases from eight 
municipalities) (10). The community surveys were conducted 
with forest-dwelling Indians and rubber tappers (seringueiros) 
in the Juruá Valley, Acre(7), and with inhabitants of 10 riverine 
communities in the municipality of Berry, Amazonas. The case 
reports were all from the State of Pará(13) (15) (16).

Six studies presented data by sex and showed that snakebites 
predominated in men, with rates ranging from 75.6%(10) to 
82.1%(14). Although the age group classifi cations were not the 
same, in all of the studies presenting this information, snakebites 
occurred primarily in adults(8) (9) (10) (17), which strongly suggests 
an occupational risk. People living in rural areas(8) (9) (11) (12) (17) 
and/or workers engaged in farming, hunting and forestry 
activities(7) (14) were the most affected. 

In the State of Amazonas, seasonality was tested in 13 
municipalities and cases occurred mostly in March, April and 
July(9). In Roraima, the snakebite incidence was higher from 
March to July(10). In Cruzeiro do Sul, snakebite cases occurred 
more often from November to April, which correlated with the 
higher rainfall period(17).

Bothropic accidents were the most commonly recorded 
in Acre (75.7% in Rio Branco), Amapá (67.5%), Amazonas 
(48.6%), Mato Grosso (99%) and Roraima (81.8%). Lachetic 
accidents predominated in the case series from Cruzeiro do Sul 
(Acre) (51.3%), followed by bothropic snakebites (Bothrops 
and Bothriopsis) (38%). However, these authors highlight a 
possible confounding factor regarding snake identifi cation by 
the population living in the study area(17). Incidents involving 
non-venomous snakes were mostly recorded in Mato Grosso 
(56%). All of the studies showed that the lower limbs were 
the most affected anatomical region. The time elapsed from 
the bite to attending the patient was typically longer than 
6h(9) (12). The case fatality rate was 0.5% in Cruzeiro do Sul(17), 
1% in Amazonas(9), 400 deaths/100,000 per lifetime in the 
Juruá Valley(7), 3.6% per lifetime in the riverine population of 
Beruri(14) and 3.9% in Roraima(10). 

Three case reports from the State of Pará were included. 
The fi rst reported case of an incident involving Bothriopsis 
taeniata in Brazil was described in a 43-year-old man who 
presented with local edema with hemorrhaging at the bite 
site and pain, although without coagulopathy(13). The second 
publication reports a case of hemorrhagic stroke due to bothropic 
envenomation associated with severe hypertension(15). Two 
cases of proven coral snake bites were reported in Belém. The 
fi rst was a severe acute respiratory failure case caused by 
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The potentially relevant studies that were
identified and screened for retrieval (65 from

PubMed and 8 from LILACS)

Studies retrieved for more
detailed evaluations (9 from PubMed and 1

from LILACS)

Relevant studies to include in
the systematic review (9)

Studies included in the systematic
review (11)

Studies excluded from PubMed search (n=56): 12 did not have
snakebites as the target condition; 22 focused on biochemical and

pharmacological venom assays; 12 focused on snake biology,
physiology and ecology; 8 focused on results obtained outside of
the Amazon; and 2 reported results from interventional studies

Studies excluded from LILACS (n=7): 4 did not have snakebites
as the target condition; 2 focused on snake biology, physiology
and ecology; and 1 focused on results obtained outside of the

Amazon

repeated study found in both the PubMed and LILACS searches

Two relevant papers published in Acta Amazonica  

One

MEDLINE: Medical Literature Analysis and Retrieval System Online. LILACS: Literatura Latino-Americana .

FIGURE 1 - Flowchart for the inclusion of studies on snakebites in the Brazilian Amazon. 

Micrurus surinamensis. The second case showed only mild signs 
of envenomation caused by Micrurus fi liformis. Both patients 
received specifi c Micrurus anti-venom and were discharged 
without further complications(16). 

SNAKEBITE INCIDENCE IN THE 
STATE OF AMAZONAS: A HISTORICAL 

PERSPECTIVE

The earliest systematic records of snakebites in the State of 
Amazonas are from 1970, after the establishment of the IMTM 
(Instituto de Medicina Tropical de Manaus) by Heitor Dourado 
and Carlos Borborema, an institution that originated the current 
FMT-HVD (Fundação de Medicina Tropical Doutor Heitor 
Vieira Dourado). This specialized health service went on to 
serve as a reference for tropical diseases, including incidents 
involving poisonous animals. In the second half of the decade, 
in Manaus, the researcher Paulo Burnheim, with key support 
from Heitor Dourado (the IMTM director at the time), organized 
the Centre for Poisonous Animals. The Butantan Institute, 

Vital Brazil Institute and Ezequiel Dias Foundation are the anti-
venoms in Brazil. Beginning in 1986, the Ministry of Health 
took full responsibility for acquiring the whole production 
of anti-venoms in this country, thus distributing to the states, 
which are responsible for transferring it to the municipalities. 
The Centre for Poisonous Animals began operations in 1985 
and is responsible for distributing anti-venom in the State of 
Amazonas.

From 1974 to 1984, 514 snakebite victims were hospitalized 
in IMTM(18). Figure 2 shows the series of recorded snakebite 
cases from 1974 to 2012. The increasing case number pattern 
is notable after the second half of 1980s. Immediately after the 
activities of the Centre for Poisonous Animals began operation, 
it began recording information regarding the total attendance. 
Thus, the pattern of increasing snakebite cases is the result 
of a change in institutional protocols, which have led to an 
improvement of the epidemiological surveillance system for 
the State of Amazonas. Moreover, with the establishment of 
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FIGURE 2 - Historical evolution of the number of snakebites recorded from the Fundação de Medicina Tropical Doutor Heitor Vieira 
Dourado, Manaus (1974-2012).

this specialized service, the state has achieved an optimized 
distribution of anti-venoms and generates more reliable 
epidemiological information on snakebites. The fi rst analyses 
of the demographic characteristics of snakebite victims, the 
seasonality of cases and the species of snakes involved were 
conducted during this period(18) (19). These events coincided with 
a crisis in the anti-venom production system in Brazil in 1986, 
which culminated with the death of a child in Brasília and caused 
the government to create the National Programme of Snakebites 
in the former National Secretariat of Basic Health Activities. 
During this period, snakebite notifi cations became compulsory 
in Brazil, and in 1988, the program was renamed the National 
Programme for Control of Venomous Animals.

Figure 2 also shows an increasing incidence of snakebites in 
the 1990s, which peaked in 1998 with 554 cases in IMTM. Since 
the beginning, the epidemiological surveillance of snakebites in 
the State of Amazonas has shown that rural activities are closely 
associated with the occurrence of this problem. In the 1990s, 
the development of sustainable forestry, fi shing and farming in 
the State of Amazonas was stimulated as a result of the offi cial 
support of the State government for creating the Zona Franca 
Verde Program. Given the occupational risk of snakebites, 
which is related to rural and forest activities, this increased 
activity likely contributed to the increase in the number of 
cases. The increase in snakebite occurrences was also related 
to the intense urbanization of Manaus toward peripheral areas 
during this decade. This urbanization resulted in an infl ux of 
migrants and increased human activity in rural areas, which 
resulted in an ecological imbalance and increased contact with 
snakes. In subsequent years, snakebites decreased but have 
remained a persistent problem to the present day, with a slight 
increasing trend after 2010. However, the full impact of these 
environmental changes on snakebite incidence must be further 
evaluated. It is noteworthy that snakebites are among the leading 
causes of hospitalization in FMT-HVD.

RECENT EPIDEMIOLOGICAL SURVEILLANCE 
SHOWS A MAJOR AND PERSISTENT HEALTH 

PROBLEM IN THE STATE OF AMAZONAS

From 2007 to 2012, a total of 9,174 snakebite cases were 
recorded in the State of Amazonas. Figure 3 shows that the 
cases were distributed in all 62 municipalities of the state, with 
the highest incidence rates occurring in Anamã, Novo Airão, 
Rio Preto da Eva, Borba, Alvarães, São Gabriel da Cachoeira, 
Japurá and Uarini. Over these six years, there was little variation in 
the annual snakebite incidence, with the largest numbers reported 
in 2009 (1,969 cases) and the fewest in 2011 (1,435). During this 
period, the mean annual incidence in the state was estimated at 
45.1 cases/100,000 inhabitants (the minimum was 6.7 in Manaus, 
and the maximum was 235.8 in Uarini per 100,000). The high 
number of snakebites recorded during this period demonstrates the 
high burden of this health issue for the region. A previous survey 
from Cruzeiro do Sul found an incidence of 126.62 cases/100,000 
inhabitants per year during the 2007-2009 period(17). A systematic 
review of the global snakebite(4) burden showed that the most 
affected areas were Southeast Asia, which had a maximum 
estimated incidence of 84.65 cases/100,000 inhabitants, and the 
central portion of Sub-Saharan Africa, which had a maximum 
value of 53.37 cases/100,000 inhabitants. In the same study, the 
tropical portion of Latin America had a maximum incidence 
of 16.12 cases/100,000 inhabitants. The value reported by the 
epidemiological surveillance in the State of Amazonas reveals 
this area as having one of the highest incidences of snakebites 
in the world.

The case series presented here clearly shows a seasonal 
pattern. Most of the incidents that occurred during the period 
from December to June were in parallel with the rainy season 
in the region, with a peak number of cases in March. The 
months with the lowest case numbers were September and 
October (Figure 4). The snakebite incidence in the Amazon 
is under the infl uence of precipitation, likely because snakes 
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in the Amazon exhibit increased activity during months with 
higher rainfall(20) (21), including Bothrops atrox and Bothriopsis 
bilineata(22) (23). Moreover, in this period, the snakes look for 
upland areas during fl ooding, which increases the likelihood 
of contact between humans and snakes. A similar seasonal 
pattern was previously observed in the region, with some micro-
geographical variations(9) (10) (17).

Table 1 shows the epidemiological characteristics of the 9,174 
snakebite cases that were recorded as part of the epidemiological 
surveillance in Amazonas from 2007-2012. The profi le was very 
similar to that reported in previous publications from the Brazilian 
Amazon, as seen in the systematic review presented here.

The most affected group was aged 20-39 years (38%) and of 
male gender (78.9%). Of all incidents recorded in this period, the 
vast majority occurred in rural areas (85.6%). This profi le was 
recorded previously in the Amazon and likely results from the 
economic activities engaged in by the victims(9) (11) (12) (14). Another 
important point was that 85.6% of the bites occurred in the lower 
limbs. As snakebites in the Amazon are predominantly associated 
with work in the fi eld, such as forestry and agriculture, the risk 
of being bitten can be lowered with preventive measures, such 
as wearing protective footwear and avoiding areas known to be 
inhabited by dangerous snakes(5).

The predominance of accidents in rural areas is especially 
troubling to some regions of the Amazon, which presents serious 
transportation problems for these patients. In some areas, the 
roads are absent and transportation by rivers to the nearest 
healthcare facility can take hours or even days. Thus, snakebite 
victims often use traditional homemade medicines(7), which 
contributes to the emergence of severe and underreported cases 
and snakebite-related fatalities. In this regard, the average time 
until being seen by a health professional was very similar to that 
reported for other Amazonian regions(11), but it was much higher 
than in other regions of Brazil(24). However, when compared 
with a previous case series study in the State of Amazonas 
(from 1989 to 1996) (9), an improvement in time to patient care 
was observed. During that period, approximately 56% of the 
patients were seen after only 6 hours; however, in the current 
study, this fi gure dropped to 29.5%. This pattern might be an 
important reason for the 1% to 0.6% case-fatality reduction that 
was observed when comparing these two case series.

Bothropic accidents predominated in the present series 
(67.3%), which agrees with studies carried out in other Brazilian 
Amazon regions(10) (11) (12). Lachetic injuries were responsible 
for 21.8% of the snakebites. This value was higher than the 
national averages, which showed that crotalic accidents were 
the second most important(5). This fact may be related to the 
absence of favorable conditions for the development of Crotalus 
durissus (open fi elds such as savanna biomes) in the State of 
Amazonas(17).

DISCUSSION AND FUTURE PERSPECTIVES

The socioeconomic burden of snakebites is an issue that has 
been totally neglected in Brazil. In the Brazilian Amazon, no 
reliable data were available regarding the long-term physical 
and psychological consequences of surviving snakebites, but as 

TABLE 1 - Characteristics of the 9,174 snakebite cases recorded 
from the State of Amazonas (2007-2012).
Characteristics Number Frequency (%)
Gender   

male  7,242 78.9
female  1,931 21.1
not available 1  0.1

Area of occurrence  
rural  7,851 85.6
urban  1,117 12.2
periurban 101 1.1
not available 45 0.5

Age groups  
0-9 396 4.3
10-19 1,647 17.9
20-49 4,736 51.8
50-69 1,534 16.7
>70 248 2.7
not available 613 6.7

Anatomical region affected  
head 92 1.0
upper limbs 1,123 12.2
body 37 0,4
lower limbs 7,853 85.6
not available 69 0.8

Time elapsed from bite until care (hours)  
0-1 1,299 14.1
1-3 2,355 25.7
3-6 2,229 24.3
6-12 1,179 12.9
12-24 792 8.6
>24 743 8.1
not available 577 6.3

Type of snakebite  
bothropic  6,175 67.3
lachetic 1,996 21.8
crotalic 37 0.4
elapidic 36 0.4
non-envenoming snakes 109 1.2
not available 821 8.9

Evolution   
discharge 8,547 93.2
death due to snakebites 54 0.6
death due to other causes 3 <0.1
not available 570 6.2

Case classifi cation  
mild 4,031 43.9
moderate 4,012 43.8
severe 710 7.7
not available 421 4.6

Feitosa ES et al. - Snakebites in the Amazon
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