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Abstract
This study investigated the correlation between the incidence of snakebite and indicators of agricultural development 
in municipal districts of the State of Bahia, Brazil. An ecological study was conducted with the 27,347 cases of snakebite 
poisoning reported to the Reportable Diseases National Information System in municipalities from the State of Bahia, Brazil, 
2000–2009. The unit of analysis was each one of the 417 State municipalities, and the outcome variable was the average 
annual incidence of snakebite. Data were analyzed by multiple linear regression technique. The average annual incidence 
of snakebite ranged from zero to 221.96 per 100,000 inhabitants, according to the municipalities. The incidence of snakebite 
was positively and strongly associated with municipality characteristics: planted areas of cocoa and coffee, and the size of 
domestic bred chicken and bovine livestocks. It was concluded that several characteristics related to municipal agricultural 
profile were strongly associated with the incidence of snakebite.

Key words
Snake bites, agriculture, incidence.

INTRODUCTION

Poisoning by snakebite has worldwide reach and affects 
mainly farm workers in developing countries [1]. It is a serious 
public health problem due to its incidence, and the severity of 
poisoning depends on the different types of snakes inhabiting 
certain environments. It is estimated that annually there 
are over 500,000 cases of snakebite and around 130,000 
deaths (26%) worldwide [2]. In Brazil, the Ministry of Health 
estimates the occurrence of 27,000 cases every year [3].

Epidemiological investigations have advanced the 
knowledge on the profile of the patient victim of snakebite. 
However, most epidemiological studies on snakebite related 
accidents carried out in Brazil in the last 100 years have been 
limited to analysing the same variables as those investigated 
by Vital Brazil in 1905: gender and age of the victim, month 
the accident occurred, position of the bite, genus of the 
snake, time delay between accident and medical assistance 
and evolution [4].

Although many studies declare that snakebite envenomation 
affects predominantly rural workers [5, 6, 7, 8], few researchers 
have evaluated the association between agriculture and the 
incidence of snakebite. Mortality rates from 138 countries 
were strongly related to indicators of poverty, including the 
percentage of labour force in agriculture [1].

The low level of education and income constitute predictors 
of snakebite in the State of Rio de Janeiro [4]. An investigation 
about the impact of agribusiness in the State of Mato Grosso, 
Brazil, reported that the variable ‘number of bovine cattle/
number of inhabitants’ was strongly associated with the 
incidence of snakebite. The respective determination 
coefficient (R2) for this correlation was 0.935, meaning that 
this variable explained 93.5% of the variation in the incidence 
of snakebite [9].

Analysis of the relationships among socio-economic, 
occupational and environmental variables and the incidence 
of snakebite can assist with the definition of prevention 
and control measures, as well as helping to understand 
the differential risk between municipal districts. This is 
fundamental information to guide adequate treatment, as 
well as the planning and management in health [4].

This study investigated the correlation between the incidence 
of snakebite and indicators of agricultural development in 
municipal districts of the State of Bahia, Brazil.

MATERIALS AND METHOD

In this ecological study, the unity of analysis was each of 
the 417 municipal districts of State of Bahia which has 
approximately the same area (564,733  km2) as France. 
Municipalities populations ranged from 16,353 inhabitants 
(Madre de Deus) to 2,948,733 inhabitants (Salvador) [10]. 
Information was obtained through the Ministry of Health 
about the data related to all cases of snakebite notified to the 
Reportable Diseases National Information System (SINAN) 
from January 1, 2000 – December 31, 2009, which occurred 
in the State of Bahia. Only cases that had all spaces filled, 
with no loss of information were considered.

The outcome variable corresponded to the annual average 
incidence of snakebite accidents in municipal districts in 
Bahia from 2000–2009. The annual incidence coefficient was 
calculated by dividing the number of cases of snake bites 
by the population of the municipal district reported by the 
2010 Census [10], and expressed by 100,000 inhabitants. The 
snakebite annual average incidence coefficient for the decade 
investigated was estimated from the average of all annual 
incidence coefficients obtained for each municipal district.

The socio-economic and demographic prediction variables 
analysed were: percentage of municipal area designated 
for agriculture, percentage of the population employed in 
agriculture, percentage of the population with access to 
garbage collection, municipal per capita Gross Domestic 
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Product, percentage of illiterates in the population, and 
population density (inhabitants/km2). Information about 
socio-economic and demographic variables were obtained 
from the 2009 and 2010 censuses for the State of Bahia, and 
respective intercensuses statistical projections [10, 11].

The prediction variables strictly related to agriculture 
were: cultivated areas of cocoa, banana, coffee, palm oil, 
coconut, rice, onion, sugar cane, tomato, soya, bean, manioc, 
corn, and sisal; and the bovine, porcine, equine, chicken 
(domestic chicken breeding), and industrial farm livestocks. 
Information about these variables was obtained from the 
Brazilian Institute of Geography and Statistics [12].

Initially, bivariate analyses evaluated the statistical 
significance of the correlation and regression coefficients 
(β1) in order to select the variables for modelling.

The variables that reached the 5% significance level were 
selected to compose a set of variables that underwent multiple 
linear regression analysis. Homoscedasticitywas investigated 
using the Breusch-Pagan-Godfrey test, and corrected using 
White’s robust correction in order to adjust the standard 
error from the model heterocedasticy, changing the t statistic.
The analysis was conducted with the Stata version 12.0 group 
of programmes. Partial correlation coefficients and respective 
significance levels were calculated by using SPSS version 11.0.

A map of the snakebite incidence according to the 
municipal districts of Bahia was drawn, using the software 
Tabwin for Windows 3.6.

RESULTS

In the state of Bahia, from 2000–2009, 27,347 cases of 
snakebite were notified, corresponding to the coefficient 
of average annual incidence of 20.2 cases per 100,000 
inhabitants.The municipalities with the highest incidence 
coefficients of snakebite were Pau Brazil – 221.96 cases per 
100,000 inhabitants (South Bahia mesoregion), Itagi – 187.43 
(Central-South Bahia mesoregion), Itaju do Colônia – 132.09 
(South Bahia) and Arataca – 122.23 (South Bahia).

The municipalities with the highest average annual 
incidences of snakebite were situated in South Bahia and 
the extreme western mesoregions (Fig. 1).

Bivariate analysis revealed that 12 out of the 25 socio-
economic, demographic and agriculture-related variables 
investigated showed a correlation coefficient higher than 
0.10, and were statistically associated (P<0.05) with snakebite 
incidence (Tab. 1).

Multiple linear regression analysis showed that average 
annual snakebite incidence was strongly (P <0.0000) 
associated with 4 out of the 12 variables in the model: cocoa, 
coffee, bovine and domestic chicken breeding. The model 
estimated an average increase of 0.0007028 new cases of 
snakebite per 100,000 inhabitants per each head of bovine 
cattle in the period 2000–2009, controlling for the effect of the 
other variables in the model. This is equivalent to predicting 
7,028 new cases of snakebite per 100,000 inhabitants for each 
10,000 bovines farmed. The respective partial correlation 
coefficient for the relationship between snakebite incidence 
and bovines was 0.297 (P = 0.0000), controlled by the effects of 
other variables in the model. The multiple R2 (determination 
coefficient) was 0.520, revealing that this set of 12 variables 
explained 52.0% of the linear variation of snakebite incidence 
(Tab. 2).

DISCUSSION

Permanent cultivars of coffee and cocoa were statistically 
associated with snakebite incidence, in accordance with 
findings from the State of Rio de Janeiro [4]. Harvesting 
coffee and cocoa demands handling of the fruits. Agricultural 
workers are more likely to be attacked by a snake on these 
body parts.

In 2007, the State of Bahia produced 138,000 tons of coffee. 
The climatic conditions of Bahia impose a non-uniform 
maturation of the plant, and press towards the use of a larger 
work force in the coffee ploughing [13]. This contingent of 
workers demanded by coffee farming, if working without 
adequate training and use of personal protective equipment, 
justifies the findings that associate the area reserved for coffee 
growth with a higher incidence of snakebite.

The cocoa (Theobroma cacao) region in Bahia is integrated 
into the Atlantic Forest Biome, one of the 25 hotspots of 
biodiversity in the world, including snakes of medical 
importance [14]. In Brazil, cocoa is produced in more than 
40,000 rural properties distributed in over 150 municipal 
districts. The 70 municipal districts in the South Bahia 
Mesoregion produce two-thirds of Brazilian cocoa.

Cocoa is manually harvested. The cocoa farms in Bahia 
employ an agricultural workforce with a predominant low 
level of literacy. In the dense forest area considered a hotspot 
for biodiversity, it is reasonable to expect a high incidence of 
poisoning by snakebite.

The total number of chicken and bovines were associated 
with snakebite incidence. Domestic breeding of chicken 
may have multiple links with snakebites, as chicken have 
been considered as occasional predators of snakes [15], and 
the small chicks can also be used as food for these animals, 
although they are not a part of the preferential diet of the 
poisonous species in Brazil [16]. This would increase snakes 
foraging in the farms in search of food, which would increase 
poisoning by snakebite. Besides that, veterinary poisoning 

Figure 1. Snakebite average annual incidence coefficient per 100,000 inhabitants 
in municipal districts of the State of Bahia, Brazil, 2000–2009
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Table 1. Bivariate analysis (correlation and regression coefficients and respective 95% confidence intervals, significance tests and P-values) of 
snakebite annual incidence (cases by 100,000 inhabitants), according to socio-economic, demographic and agriculture-related variables in Bahia, 
Brazil, 2000–2009

Variables R Regression Coefficient 95% Confidence Interval t P

Cocoa (km2 cultivated) 0,4048 0.0070853 0.005541 0.0086297 9.02 0.000

Banana (km2 cultivated) 0,2175 0.0220231 0.0124847 0.0315616 4.54 0.000

Coffee (km2 cultivated) 0,3320 0.0147303 0.010691 0.0187695 7.17 0.000

Equine (n) 0,3119 0.015705 0.0110882 0.0203218 6.69 0.000

Palm oil (km2 cultivated) 0,3119 0.016907 0.0100504 0.0203218 4.85 0.000

Bovine (n) 0,3387 0.000944 0.0006909 0.0011972 7.33 0.000

Porcine (n) 0,1897 0.0026037 0.0013043 0.003903 3.94 0.000

Chicken, domestic breeding (n) 0,3387 0.0004942 0.0003617 0.0006268 7.33 0.000

Coconut (km2 cultivated) 0,1393 0.01009 0.0013043 0.003903 2.87 0.004

Chicken, industrial farm (n) 0,1149 0.0000423 0.0000007 0.0000777 2.36 0.019

Rice (km2 cultivated) 0,1131 0.0170004 0.0026113 0.0313894 2.32 0.021

Agricultural area (%) 0,1044 -0.098033 -0.195956 0.00011 -1.97 0.050

Onion (km2 cultivated) 0,0933 0.0279963 -0.0008407 0.0568332 1.91 0.057

Population employed in agriculture (%) 0,0843 0.0099898 -0.0014021 0.0213818 1.72 0.085

Population with garbage collection (%) 0,0843 -0.0171199 -.0366451 0.0024054 -1.72 0.086

Sugar cane (km2 cultivated) 0,0663 -0.0368916 -0.0905599 0.0167768 -1.35 0.177

Tomato (km2 cultivated) 0,0632 0.0870414 -0.0457089 0.2197917 1.29 0.198

Soya (km2 cultivated) 0,0520 0.0050219 -0.0043335 0.0143773 1.06 0.292

Bean (km2 cultivated) 0,0424 -0.0009313 -0.0030481 0.0011856 -0.86 0.388

Manioc (km2 cultivated) 0,0346 0.0083924 -0.0145565 0.0313412 0.72 0.473

Illiteracy (%) 0,0332 -0.4574725 -1.787867 0.8729223 -0.68 0.499

Per capita Gross Domestic Product 0,0141 0.0000574 -0.0003419 0.0004567 0.28 0.778

Population density (inhab./km2) 0,0100 0.0035197 -0.026448 0.0334874 0.23 0.818

Corn (km2 cultivated) 0,0100 0.0001433 -.0012647 0.0015514 0.20 0.841

Sisal (km2 cultivated) 0,0100 0.0001485 -0.001314 0.001611 0.20 0.842

Table 2. Results of multiple linear regression analysis (partial correlation and regression coefficients and respective 95% confidence intervals, 
significance tests and P-values) of snakebite annual incidence (cases by 100,000 inhabitants), according to agriculture-related variables in Bahia, 
Brazil, 2000–2009

Variables Partial R Regression Coefficient 95% Confidence Interval t P

Cocoa (km2 cultivated) 0.482 0.0071208 0.0049192 0.0093223 6.36 0.000

Coffee (km2 cultivated) 0.302 0.0102025 0.0050534 0.0153516 3.90 0.000

Bovine (n) 0.297 0.0007028 0.0003925 0.0010131 4.45 0.000

Chicken, domestic breeding (n) 0.318 0.000364 0.0002104 0.0005176 4.66 0.000

Equine (n) 0.144 0.0075291 -0.0002833 0.0153415 1.89 0.059

Palm oil (km2 cultivated) 0.280 0.0153835 -0.0011901 0.0319572 1.82 0.069

Agricultural area (%) 0.122 0.0830539 -0.008451 0.1745588 1.78 0.075

Coconut (km2 cultivated) 0.082 0.0042056 -0.0007245 0.0091358 1.68 0.094

Banana (km2 cultivated) 0.062 0.0048512 -0.0028989 0.0126014 1.23 0.219

Chicken, industrial farm (n) 0.043 0.0000114 -0.0000152 0.000038 0.84 0.399

Rice (km2 cultivated) 0.069 0.002774 -0.0040917 0.0096398 0.79 0.427

Porcine (n) -0.033 -0.0004944 -0.0021379 0.0011492 -0.59 0.555

Constant (cases/100,000 inhabs.) - 17.92632 7.346429 28.50621 3.33 0.001

Model R2 = 0.520
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associated to equine, caprine and bovine have been reported, 
suggesting the co-occurrence of these animals in areas 
dedicated to agriculture [17]. In Africa, there are 10 times 
more incidence of snakebites in people working in industrial 
plantations than in closed village plantations; this is because 
snakes are attracted by prey that abound in the former [18].

Grasslands constitute underbrush, and therefore are less 
likely to accommodate snakes [4]. However, the degradation 
of snakes original habitat can cause the widening of their 
geographical distribution because of high ecological 
plasticity, causing poisoning in areas not previously thought 
as promising. In Bahia, the species most commonly occurring 
is Bothrops leucurus, a snake with high environmental 
plasticity, which can explain the occupation of this species 
in different niches, including those urbanized [19].

High incidences coefficients of snakebite were found in 
the municipal districts of Pau Brazil, Itaju do Colônia, Itagi, 
Itagibá and Aiquara, situated in the South Bahia Mesoregion, 
which have agriculture and cocoa products as their main 
economic activities. The economy of Pau Brazil relies on 
bovine farming, considered a risk factor for snakebite.

Further investigation is needed about the cocoa and coffee 
cultures as risk factors for snakebites. Further research should 
also address, besides the size and type of the domestic bred 
chicken and bovine flocks in each municipality, the breeding 
and feeding habits the animals, once these agriculture-related 
characteristics are associated with snakebite incidence.

The true incidence of snakebite envenoming in the State 
of Bahia, as in most parts of the tropics, remains largely 
unknown [20]. This fact could have been underestimated, 
or even have biased the presented results. Despite the 
methodological limitations inherent in the ecological design, 
this study demonstrates that the incidence of snakebite is 
strongly associated with several characteristics related to 
the municipal agricultural profile.
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