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20 ABSTRACT

21 Background

22 Worldwide, snakebite envenomations total ~2.7 million reported cases annually with ~100,000 

23 fatalities. Since 2009, snakebite envenomation has been classified as a very important ‘neglected 

24 tropical disease’ by the World Health Organisation. Despite this emerging awareness, limited efforts 

25 have been geared towards addressing the serious public health implications of snakebites, 

26 particularly in sub-Saharan Africa, where baseline epidemiological data remain incomplete. Due to 

27 poverty as well as limited infrastructure and public health facilities, people in rural Africa, including 

28 Ghana, often have no other choice than to seek treatment from traditional medical practitioners 

29 (TMP). The African ‘snakebite crisis’ is highlighted here using extensive complementary data from 

30 a community-based epidemiological study conducted by snake ecologists in the savanna zone of 

31 northern Ghana.

32

33 Methodology and findings

34 Our cross-sectional study included 1,000 residents and 24 TMPs in the Savelugu-Nanton District in 

35 northern Ghana between December 2008 and May 2009, and a 10-year (1999-2008) retrospective 

36 snakebite data from the district hospital. Variables tested included demography, human activity 

37 patterns, seasonality, snake ecology and clinical reports. Complementary data showed higher 

38 snakebite prevalence during the rainy season, and a hump-shaped correlation between rainfall 

39 intensity and snakebite incidences. Almost 6% of respondents had experienced a personal snakebite, 

40 whereas ~60% of respondents had witnessed a total of 799 snakebite cases. Out of a total of 857 

41 reported snakebite cases, 24 (~2.8%) died. Highest snakebite prevalence was recorded for males in 

42 the age group 15-44 years during farming activities, with most bites occurring in the leg/foot region. 
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43 Highest snakebite rate was within farmlands, most frequently caused by the Carpet viper (Echis 

44 ocellatus). 

45

46 Conclusion

47 The relatively high community-based prevalence rate of ~6%, and fatality rate of ~3%, indicate that 

48 snakebites represent an important public health risk in northern Ghana. Based on the high number of 

49 respondents and long recording period, we believe these data truly reflect the general situation in 

50 rural Ghana and West Africa at large. We recommend increased efforts from both local and 

51 international health authorities to address the current snakebite health crisis generally compromising 

52 livelihoods and productivity of rural farming communities in West Africa.

53 Keywords: Serpentes, envenomation incidence, demography, Guinea savannah, West Africa

54

55 AUTHOR SUMMARY

56 Snakebite envenomations cause tens of thousands of deaths and hundred thousands of injuries in 

57 many developing tropical countries each year, and sub-Saharan Africa represents an epitome of this 

58 ‘neglected tropical disease’. We present data spanning 10 years (1999-2008) which was collected 

59 over a six-month period, by applying different methodologies across a typical rural savanna 

60 community of northern Ghana. Our data corroborate previous findings from the region that 

61 snakebites constitute a serious public health threat, and that young and active farmers are 

62 particularly at risk, hence compromising both livelihoods and economic wealth of the people. We 

63 highlight that many interrelated factors involving both snake ecology and human behaviour in 

64 particular, are responsible for the high snakebite prevalence recorded. We conclude that our findings 

65 support increased and concerted efforts by both local authorities and state institutions to address the 

66 ongoing African snakebite crisis. Such interventions require the generation of more general baseline 
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67 data on snake ecology and human behaviour, combined with education and information through 

68 public awareness campaigns. To achieve this, we recommend community-based stakeholder 

69 meetings involving the local people, traditional authorities, and public institutions working to 

70 address the persistent snakebite menace in this part of the world. 

71

72 INTRODUCTION

73 Snakebite envenomations constitute one of the most important human-wildlife conflicts, causing 

74 considerable yet largely insufficiently known magnitudes of socio-economical losses, morbidity and 

75 death [1]. Globally, out of >3,500 snake species, ~600 are venomous, and ~280 are considered 

76 medically important, causing a conservatively estimated >1.2 million snakebite envenomations 

77 causing ~100.000 deaths and >400,000 cases of morbidity annually [1, 2, 3, 4]. Prevailing 

78 conservative estimates of the global burden of snakebite envenomations and fatalities are probably 

79 highly underrated as majority are based on conventional health facility reports, largely neglecting 

80 cases treated by local traditional medical practitioners (TMPs) [1, 5, 6]. Perhaps more realistic 

81 annual estimates indicate between 4.5-5.4 million snakebites, 1.8-2.7 million envenomations and up 

82 to 138,000 deaths [6, 7]. Snakebite envenomation is largely a disease of poverty, with developing 

83 countries in the tropics recording the highest rates of incidence, morbidity and mortality [4, 8, 9]. 

84 People engaged in farming, hunting, fishing and other rural activities are at highest risk, mostly 

85 bitten on their limbs during work [9, 10]. In many parts of sub-Saharan Africa, the high mortality 

86 and morbidity rates are attributed to increased vulnerability caused by both high work risk and 

87 exposure to diverse snake habitats, as well as poor infrastructure and limited access to appropriate 

88 medical treatment and health facilities [1, 4, 6]. Currently, an estimated ~100 million people, 

89 particularly in southeast Asia and Africa, live in vulnerable areas with very high exposure to snake 

90 envenomation and lack of effective antivenom therapy [4]. The current ‘global snakebite crisis’ as a 
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91 disease of poverty, has been termed misunderstood, underrated, ignored or neglected as a public 

92 health issue [5, 8, 11, 12], and has lately gained prominence as one of the most important ‘neglected 

93 tropical diseases’ [7].

94

95 In order to mitigate the inadequate health care and treatment of victims of snakebite envenomations, 

96 concerted international effort is essential to gather steady and inclusive data on the epidemiological 

97 nature of snakebites with socio-demographic and geographic dimensions as well as aspects of snake 

98 biology and ecology [4, 5, 12, 13]. Mapping of comprehensive datasets is imperative for 

99 understanding the dynamics of human-wildlife conflict such as snakebite vulnerability, and 

100 constitute the baseline information needed to provide adequate health facilities and supply of 

101 antivenom and other therapeutical innovations [1, 2, 6, 14]. However, inclusive community-based 

102 information is currently limited from many high-risk areas particularly in sub-Saharan Africa [15, 

103 16]. There is therefore the need for detailed information from studies combining both field and 

104 hospital data [4, 6, 9]. Here, we present a comprehensive and complementary epidemiological 

105 dataset of snakebite envenomations from northern Ghana, comprising both household and TMP 

106 surveys as well as retrospective hospital reports covering the period 1999-2009. Apart from 

107 contributing baseline epidemiological snakebite data, our survey, conducted by snake ecologists, 

108 also targeted human-wildlife conflict dynamics, with the purpose of providing insight into measures 

109 for improved snakebite prevention and facilitation of effective therapeutic methods. We note that the 

110 vast majority of snakebite studies are undertaken solely by medical officers, and as such mainly 

111 focused on clinical-pharmaceutical, socio-demographic and epidemiological aspects, with much less 

112 attention to biology and ecology of humans as well as snakes. An additional objective of this paper 

113 was to apply an integrative approach involving snake ecology and common snakebite epidemiology, 

114 in order to increase our understanding of the complex human-wildlife conflict that snakebites truly 
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115 represent. We consider that such holistic research foci are vital and urgently required by 

116 international funding agencies and national public health institutions in their joint efforts to address 

117 the ongoing global snakebite crisis [2, 4, 7, 10, 12, 13]. 

118

119 METHODS

120 Study area

121 The Savelugu-Nanton District, covering ~2023 km², is located in the Northern Region of Ghana. It 

122 is bordered by five other districts (Fig. 1), notably West Mamprusi (north), Karaga (east), Tolon-

123 Kumbungu, and Tamale Metropolitan Area (west) and Yendi (south). Based on a 2010-population 

124 census count of 139,283 (female/male %-ratio = 51.5/48.5) and an annual growth rate of about 2.5% 

125 for northern Ghana [17], we estimated the total population of the district as ~130,000 in 2008, 

126 translating to a mean density of ~64 persons km-². The district falls within the Guinea Savanna 

127 vegetation zone of northern Ghana, with a single-peak, erratic rainfall pattern, increasing rapidly 

128 from April to peak in August-September, then sharply decreasing during October, and ranging 

129 between ~600 to ~1,000 mm annually on average [18]. Mean daily temperatures are usually high, 

130 averaging 34 ºC, with maximum of >42 ºC and minimum of <15 ºC [18]. Retrospective monthly 

131 rainfall data during 1999-2008 was obtained from the Ghana Meteorological Authority in Tamale. 

132 The sparsely-populated northern parts of the district have denser vegetation, mostly with 

133 regenerating woodlands, compared with the more urbanized south around the Tamale Metropolis 

134 characterised by more intensive farming, bush burning and tree felling for charcoal production. 

135 Many woodland tree species are drought-resistant and foliage is largely retained during the 

136 prolonged dry season (November-March). 

137

.CC-BY 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted February 6, 2019. ; https://doi.org/10.1101/543009doi: bioRxiv preprint 

https://doi.org/10.1101/543009
http://creativecommons.org/licenses/by/4.0/


7

138 Data collection

139 We conducted a cross-sectional respondent study between December 2008 and May 2009 in the 

140 seven most populated communities (= study sites) in the district (Fig. 1), including 1,000 community 

141 residents and 24 TMPs operating in these communities. Both residents and TMPs were subjected to 

142 detailed, independently administered, semi-structured questionnaires. Prior informed consent (PIC) 

143 was obtained from traditional leaders and authorities in each community after explanation of the 

144 scope, purpose and procedure of the study [19]. Such independent administration of interview 

145 protocols and PIC enhance the reliability and inclusiveness of respondent information and hence 

146 both the quantity and quality of informant data [20, 21]. The selection of residents was stratified 

147 randomly across three age groups, each with gender equality; >30 years (400); 15-30 years (300); 

148 <15 years (300). The number of residents sampled from each of the seven study sites reflected 

149 community size and were; Savelugu (200), Diarre and Pong-Tamale (150 each), Nanton, Zoggu, 

150 Moglaa and Tampion (125 each). Within each of the seven communities, respondents were 

151 randomly selected among households, inclusively conforming to the gender-age stratification 

152 criteria. The 24 TMPs were selected opportunistically using ‘Snowball sampling’ [19]. 

153 Complementing the community-based data collection was a retrospective study of reported cases of 

154 snakebites over a 10-year period (1999-2008) that were obtained from the Savelugu District 

155 Hospital, the largest district hospital managing snakebite victims. Patient data was analysed 

156 anonymously, after obtaining formal approval from the Savelugu District Hospital authorities.

157

158 Data analysis

159 Informant data obtained from questionnaires were analysed using Microsoft Excel™ and 

160 GraphPad™ version 5.01. Frequencies of occurrence (%) in each respondent category were 

161 compared among different sub-groups, and associations tested for statistical differences with 

.CC-BY 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted February 6, 2019. ; https://doi.org/10.1101/543009doi: bioRxiv preprint 

https://doi.org/10.1101/543009
http://creativecommons.org/licenses/by/4.0/


8

162 Fisher’s exact test for 2×2 contingency tables (two sub-groups compared) or χ² G-test for three or 

163 more sub-groups compared (2×3 contingency tables). Associations between rainfall and snakebite 

164 incidences were determined using both GLM and polynomial regression with Pearson’s (r) or 

165 Spearman rank (rs) correlation coefficients. Significance level was determined at p < 0.05.

166

167 RESULTS

168 Household survey

169 Educational level of respondents 

170 Majority (518) of 1,000 respondents (~52%) had no formal education whereas ~44% had only basic 

171 primary education (7-9 years of schooling). Only ~4% had additional secondary education (10-12 

172 years), with <0.5% having tertiary education (>12 years) only (Table 1). Hence, respondents were 

173 primarily made up of either illiterates or people with modest schooling.

174

175 Table 1 Basic socio-demographic characteristics and snake-conflict encounter statistics of the 
176 respondent community population (n = 1,000 residents) comprising seven communities surveyed in 
177 the Savelugu-Nanton District of northern Ghana (Dec 2008-May 2009).
178

Respondent variable No. of respondents (%)
Males 500 (50.0)
Females 500 (50.0)
<15 years old 300 (30.0)
15-30 years old 300 (30.0)
>30 years old 400 (40.0)
No formal education (illiteracy) 518 (51.8)
Basic primary school level (7-9 yrs) 439 (43.9)
Secondary school level (10-12 yrs)   39   (3.9)
Tertiary educational level (> 12 yrs)    4    (0.4)
Experienced a snake-conflict encounter 934 (93.4)
Experienced a snakebite personally (E)   58   (5.8)
Witnessed a snakebite in their community (W) 799 (79.9)
Total snakebite incidences reported (E+W) 857 (85.7)

179
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181 Snakebite prevalence: comparing gender and age of victims 

182 Considerably more males (~62%) than females (~38%) were reportedly bitten by snakes (n = 58 

183 cases), although the difference was not statistically significant (Fisher’s exact test; p = 0.0778, df = 

184 1), at the 5% level (Table 2). With regards to age, significantly (χ² = 14.616; p = 0.00067, df = 2) 

185 more victims were in the age group >30 years (~64%), whereas the group of 15-30 years (~17%) 

186 and <15 years (~19%) were similar in prevalence to snakebites (Table 2).

187

188 Table 2 Associations of reported personal snakebite incidences (n = 58) with gender and age-
189 group of 1,000 community members (male/female = 500 each) interviewed in the 
190 Savelugu-Nanton District of northern Ghana (Dec 2008-May 2009).
191

Variable Sub-group variable Frequency (%) Test-statistics p-value
Male 36 (62.1)Gender Female 22 (37.9) Fisher’s exact test (2×2) 0.0778

<15 years 11 (19.0)
15-30 years 10 (17.2)Age
>30 years 37 (63.8)

χ² G-test (2×3) = 14.616 0.00067

192
193

194 Personal encounters, interactions and snakebites 

195 As many as 934 (~93%) respondents had encountered snakes during their lifetime and hence been 

196 exposed to considerable risk of snakebites, and 58 respondents (~6%) claimed to have been bitten by 

197 snakes, irrespective of actual envenomation or hospitalisation (Table 1). Of the 934 snake 

198 encounters (Table 3) majority encountered snakes on their farms (604; ~65%), but also in the bush 

199 (~16%) or in their homes (~11%). Considerably lower encounter frequencies were attributed to 

200 roads and footpaths (~6%), school facilities (~2%) and open urban drains (<1%). Snake encounters 

201 were predominant during afternoon (~50%) and morning (~40%) hours, particularly during the rainy 

202 season, accounting for ~72% of yearly records by respondents (Table 3). 

203

.CC-BY 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted February 6, 2019. ; https://doi.org/10.1101/543009doi: bioRxiv preprint 

https://doi.org/10.1101/543009
http://creativecommons.org/licenses/by/4.0/


10

204 Table 3 Characteristics of personal snake-conflict encounters reported (n = 934 incidences) 
205 among 1,000 community members interviewed in the Savelugu-Nanton District of 
206 northern Ghana (Dec 2008-May 2009).
207

Respondent variable Sub-group variable Encounters (%)
Farmlands 604 (64.7)
Bushes 145 (15.5)
House and yards 100 (10.7)
Paths and roads   60   (6.4)
School facilities        19   (2.0)

Encountering habitat location

Open city drains     6   (0.6)
Afternoon 471 (50.5)
Morning 372 (39.8)Encountering time of the day
Evening and night   91  (9.7)
Rainy season 669 (71.6)Encountering season of the year Dry season 265 (28.4)

208
209 Knowledge, awareness and perception of other snakebite victims

210 A total of 604 (~60%) respondents provided knowledge about 799 snakebite cases from their 

211 respective communities in total (Table 4). Thus, the total recorded cases of snakebites, including 

212 personal experiences (n = 58) was 857, with a total of 24 (~2.8%) reported deaths (Table 1, 5).

213 Table 4 Snakebite cases reported by each of 604 respondents out of 1,000 community members 
214 interviewed in the Savelugu-Nanton District of northern Ghana (Dec 2008-May 2009).
215

Cases Respondents Total
One 449 449
Two 121 242
Three 30 90
Four 3 12
Six 1 6
Total 604 799

216
217 Of the 857 snakebite cases, majority (~70%) of victims were males, predominantly in the 15-30 

218 years (~54%) and >30 years (~35%) age groups. Farmlands were the most frequently reported 

219 locations (~81.0%) for snakebite, primarily during the rainy season (~71%), in the mornings (~40%) 

220 and afternoons (~38%) (Table 5). Snakebites occurred mainly on the extremities, with lower limbs 

221 (legs and feet; ~65%) and upper limbs (arms and hands; ~34%) being the most vulnerable. Swelling 

222 (~53%) and bleeding (~39 %) were the commonest symptoms reported (Table 5). 
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223 Table 5 Comparison of perceptual characteristics of snakebite victims and incidences based on 
224 household surveys (*nmax = 857 cases) and traditional medical practitioners (TMP; **n = 
225 24 respondents; ***n = 42 and 65 cases), respectively among 1,000 community members 
226 and 24 TMPs, interviewed in the Savelugu-Nanton District of northern Ghana (Dec 
227 2008-May 2009).
228

Survey frequency (%)Respondent variable
(n = responses)

Sub-group variable
Household TMP

Male 584 (70.1) 22 (91.7)Gender
(*n = 833; **n = 24) Female 249 (29.9)   2   (8.3)

15-30 years 222 (53.9) 13  (54.2)
>30 years 146 (35.4) 10  (41.6)

Age-group of victim
(*n = 412; **n = 24)

<15 years   44 (10.7)   1   (4.2)
Morning 334 (40.3) 11  (45.8)
Afternoon 315 (38.0) 10  (41.7)

Day time hours of snakebite
(*n = 828; **n = 24)

Evening and night 179 (21.6)   3  (12.5)
Rainy season 610 (71.2) 20  (83.3)Season of snakebite

(*n = 857; **n = 24) Dry season 247 (28.8)   4  (16.7)
Farmlands    543  (81.0) 16  (66.6)
Bushes   56   (8.4)   7  (29.2)
House and yards   54   (8.1) -
Paths and roads     5   (0.7)   1    (4.2)
School facilities     9   (1.3) -

Habitat location of snakebite
(*n = 670; **n = 24)

Open city drains     3   (0.5) -
Legs and feet 540  (65.2) 19  (79.2)
Arms and hands 280  (33.8)   5  (20.8)
Head    7    (0.8) -

Position of snakebite infliction
(*n = 828; **n = 24)

Trunk    1    (0.1) -
Swelling 431 (52.5) 14  (33.3)
Bleeding 320 (38.9) 20  (47.6)
Local pain   67   (8.2) -
Dizziness     3   (0.4) -
Blood spitting -   4    (9.5)
Sweating -   2    (4.8)

 Symptoms most often reported
(*n = 821; ***n = 42)

Shivering -   2    (4.8)
Carpet Viper n/a  23  (35.4)
Night Adder n/a  17  (26.2)
Black-necked Spitting Cobra n/a  13  (20.0)
Puff Adder/other Bitis sp. n/a    8  (12.2)

Likely causal snake species
(***n  = 65)

Grass snakes/Psammophis sp. n/a    4    (6.2)
229
230 *Household survey: For cases where total responses ntot < 857, are explained by failure of respondents to 
231 recall details.
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233 Traditional medical practitioner survey

234 Knowledge and perception of snakebite victims and snake culprits 

235 The 24 TMPs reported that majority of patients were males (~92%), in the age groups >30 years 

236 (~54%) and 15-30 years (~42%), most often bitten on farmlands (~67%) and bushes (~29%), during 

237 the rainy season (~83%), in the mornings (~46%) and afternoons (~42%) hours (Table 5). 

238 According to the TMPs, most vulnerable are legs and feet (~79%), followed by the arms and hands 

239 (~21%), with bleeding (~48%) and swelling (~33%) as most frequently reported symptoms (Table 

240 5). The general snake descriptions provided by the TMPs indicated that three snake species were 

241 most likely involved in ~81% of all cases reported; Carpet Viper Echis ocellatus (~35%), Night 

242 Adder Causus maculatus (~26%), and Black-necked Spitting Cobra Naja nigricollis (~20%). 

243

244 Hospital survey

245 Snakebite prevalence: comparing gender and age of victims 

246 Based on the 10-year (1999-2008) retrospective records of snakebite cases (n = 450) at the main 

247 district hospital, significantly more males, particularly in the 15-44 years age group (χ² G-test = 

248 29.56, p < 0.00001, df = 2), were bitten than females, as well as males in the <15 years and >44 

249 years age groups (Table 6).

250 Table 6 Statistically-tested associations of snakebite cases (n = 450) with gender and age-group 
251 reported at the Savelugu-Nanton District Hospital in northern Ghana (1999-2008).
252

Sub-group variable Gender
Age group (years) Males (%) Females (%) Total (%)

<15   90  (20.0) 12 (2.7)    102    (22.7)
15-44 133 (29.6) 91 (20.2)    224    (49.8)
>44   73 (16.2) 51 (11.3)    124    (27.5)

Total 296 (65.8)         154 (34.2)    450  (100.0)
Statistical Test: χ² G-test (2×3) = 29.56, p < 0.00001, df = 2

253
254
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255 Across all three age groups, males dominated in number of reported cases, whereas the females 

256 constituted relatively fewer cases in the youngest age group (2.7%) but 4-8 times more in the two 

257 older groups (Table 6). For both males and females, the 15-44 years group dominated in almost 50% 

258 of all cases reported. These results are largely consistent with age-gender trends of personal 

259 snakebite cases (n = 58) reported among 1,000 respondents in the 2008-2009 household survey, with 

260 dominance of males across all age groups, and in particular for the >30 years age group (Table 2). In 

261 summary, the most and least vulnerable to snakebites were young to middle aged men and younger 

262 girls respectively.

263

264 Correlations between rainfall and snakebites for the period 1999-2008 

265 By comparing concurrent data sets of mean monthly rainfall with monthly records of snakebites 

266 reported to the district hospital in 1999-2008 (Fig. 2), we were able to evaluate the perception 

267 reported among community members that snakebites were more prevalent during the rainy season 

268 (Table 3, 5). The 10-year plot of rainfall-snakebite monthly means depicts a clear unimodal rainfall 

269 curve with a single peak from July to September, whereas snakebite incidences display a trimodal 

270 pattern with peaks in March, June-July and October (Fig. 2). Hence, the largely overlapping rainfall-

271 snakebite trend demonstrates a positive association between rainfall and snakebite frequency, in line 

272 with respondent (both victims and TMPs) perceptions (Table 3, 5). We tested this apparent positive 

273 association by plotting 10-years pair-wise data of mean monthly rainfall with mean monthly 

274 snakebite cases, and found a weak statistically significant (rs = 0.587, p = 0.0446, two-tailed, n = 12) 

275 positive linear correlation between the two variables (Fig. 3). However, the correlation for GLM-

276 regression using Pearson’s correlation coefficient was not significant (r = 0.521, p = 0.0822, two-

277 tailed, n = 12). We also performed a 2nd degree polynomial regression which showed a higher level 

278 of significance (r = 0.652, p = 0.022, two-tailed, n = 12) compared with the GLM-regression, 
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279 thereby indicating a hump-shaped association pattern (Fig. 3). Thus, although snakebite rates are 

280 generally linked to rainfall levels, extreme amounts of rain appear to reduce this positive correlation.

281

282 DISCUSSION

283 Our study applied an extensive set of complementary epidemiological data from different 

284 community sectors, by targeting various demographic sub-groups as well as both traditional and 

285 non-traditional management of snake envenomations at the district level. With a large sample size of 

286 1,024 respondents covering both dry and wet seasons, and a retrospective 10-year bivariate data 

287 sample of snakebite incidences and rainfall patterns, our study represents an important contribution 

288 to epidemiological snakebite studies for this region. Previous epidemiological studies have largely 

289 been limited to short-term data series with lower sample sizes of predominantly retrospective 

290 hospital records for Ghana [22, 23, 24] and sub-Saharan Africa [25, 26, 27, 28, 29], where 

291 complementary or nationwide long-term published studies remain scarce [1, 16, 30, 31]. Estimates 

292 of regional or national snakebite burdens based exclusively on hospital records inevitably neglect 

293 many snakebite cases treated at home or by TMPs [1, 4, 16, 30]. In contrast, our study provided a 

294 rare opportunity to test consistencies in epidemiological baseline information gathered from 

295 different sections of a typical rural savanna community in West Africa [16], regarding general 

296 demography and human-snake conflict, as well as snake toxicology and ecology. In order to 

297 enhance advances in public health capacity to address snakebite envenomation, it is important to 

298 provide inclusive and holistic evaluations of implicating factors across the whole community and 

299 over long periods of time, including ecological aspects [2, 4, 7, 30]. Specifically, it is important to 

300 ask where, when and why snakebites occur, and to identify and evaluate pertinent factors that 

301 preclude or facilitate their occurrence, treatment and prevention [1, 4, 10, 12].
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302 Our study confirms the general assertion that snake envenomations leading to significant levels of 

303 morbidity and mortality are symptomatic of rural deprivation and poverty in sub-Saharan Africa, 

304 where educational levels are pronouncedly low within farming communities subject to limited 

305 infrastructure and mobility [4, 8, 9, 12]. Our respondents were primarily made up of either illiterates 

306 or people with modest schooling, a demographic feature characteristic of the mostly deprived rural 

307 areas of northern Ghana, and a tendency particularly pronounced among women and the elderly. We 

308 located 24 TMPs in seven randomly-chosen communities, demonstrating that the TMP-inhabitant 

309 ratio of at least 1:5,000 (~24/130,000) is ~10 times lower than the regional doctor-patient ratio for 

310 northern Ghana in 2009 [32]. As the Savelugu-Nanton District road network was fairly well 

311 developed during our study, we attribute the high patronage of TMPs mainly to low educational 

312 level and income, limited access to orthodox medical facilities as well as high costs or lack of 

313 sufficient and effective antivenom administration. This TMP-seeking behaviour is widespread in 

314 Asia [33] and Africa [16, 34, 35, 36] where herbal extracts of diverse medicinal plant assemblages 

315 [37] are often either culturally preferred or are the only affordable or alternative therapeutic 

316 treatment available among low-income rural communities with high levels of illiteracy and strong 

317 belief in the supernatural [16, 19, 38, 39, 40, 41].

318

319 Based on the 1,000-respondent household survey, we conservatively estimated a snakebite 

320 prevalence of ~6%, and a mortality rate of ~3%, translating to respectively ~7,500 snakebite 

321 incidences and ~200 deaths at the district level, for a total district population estimated at ~130,000 

322 in 2008. We recognise that our incidence and mortality data are based on unknown recollection 

323 periods of each informant, and we can therefore not explicitly translate these district level figures 

324 into annual snakebite and mortality rates. However, assuming a recollection period of ~10 years 

325 retrospectively for an average respondent, the estimated annual snakebite cases and fatalities at 
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326 district level may probably reach ~750 and ~20 respectively. A longer average respondent 

327 recollection period is unlikely as both young and old respondents exhibited limited memory beyond 

328 10 years. Moreover, if such a period was ~5 years, it would translate to a double of cases and 

329 fatalities, which likewise appears unlikely. The mean monthly number of cases reported to the 

330 largest district hospital was 3.9 over the 10-year period (1999-2008), which equals an average of 

331 46.6 cases yearly (Fig. 2). Based on hospital records, the whole district therefore probably has a 

332 burden of at least 50 reported cases yearly, and probably as much as double if the reporting 

333 percentage is up to 50% as estimated in similar studies [12, 16, 41]. Our upper-lower limits of 

334 annual snakebite envenomations during the 10-year period therefore range from 100-750, equivalent 

335 to 75-575 per 100,000 inhabitants, with a mortality rate of 2-17 per 100,000. The population of 

336 Savelugu-Nanton District was ~130,000, constituting ~6% of the population of the Northern Region 

337 of Ghana in 2008 [17], so we conservatively estimate about 1,700-12,500 envenomations with about 

338 50-350 fatalities annually (mortality rate of ~3%) in this part of the country. This figure makes up 

339 about 20-95% of a Ghana national estimate of about 250-375 [40], and is within the range of current 

340 available estimates for the sub-region [1, 9] and other estimates from northern [23] and central [22, 

341 42] Ghana, but 5-10 times higher than southwest Ghana [24].

342

343 The human deprivation, psychosocial despair, and loss of income resulting from snakebite morbidity 

344 and mortality [7, 35, 40], are clearly demonstrated by our complementary data from the northern 

345 part of the savanna zone in Ghana, where annual snakebite burdens are the most severe across the 

346 entire country. Our data also indicate that the vast majority of snakebites are never reported to 

347 conventional medical treatment facilities but managed by TMPs, home treatment or are untreated, 

348 sometimes with fatal consequences [16, 24, 43]. Long delays in antivenom treatment often lead to 

349 severe cases of morbidity (e.g. amputations) or death, even if such treatment is administered 
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350 correctly [22, 42, 44, 45]. It is therefore important to ascertain the extent of both untreated and 

351 delayed treatments in order to address these clinical and epidemiological shortcomings in the 

352 management of snakebites in remote rural parts of Ghana and sub-Saharan Africa [2, 13, 15, 40, 42]. 

353 We hope our snakebite data analyses from the Savelugu-Nanton District, a typical northern savanna 

354 community in Ghana, will aid in this direction.

355

356 We consistently found that young to middle-aged men (age group = 15-44 years) were most at risk 

357 of snakebites, corroborating similar findings from Ghana [22, 23, 24], other parts of West Africa 

358 [15, 25, 26, 27, 44, 46, 47] and Africa in general [30, 34, 48, 49, 50]. Adolescent and young men in 

359 their twenties are among the most active and adventurous, albeit least cautious, section of rural 

360 African people [24, 27, 44, 51]. They expose themselves to snake encounters by risky behaviour 

361 during land clearing, harvesting, bush and charcoal burning, hunting and commuting on foot during 

362 dark or early morning hours with impaired visibility in dim light and dense vegetation [24, 47, 50]. 

363 Minors and the elderly who are traditionally home-bound, are less involved in farming activity, and 

364 are generally more cautious in their behaviour, which possibly explains their much lower snakebite 

365 vulnerability [31]. Some girls and the elderly were however bitten at home or in school facilities, 

366 indicating that everyone is at risk of snakebites [7, 24, 31, 43, 51, 52]. Contrary to our findings, 

367 some studies in Africa actually report relatively higher snakebite prevalence in children, including 

368 girls, probably as a result of higher child-labour engagement or poorer parental care and supervision 

369 in such areas [23, 31, 50, 51, 53, 54, 55, 56].

370

371 Our data from all three respondent groups indicated that farmlands and bushes, and to a lesser 

372 extent, residential areas and roads are typical habitats for snakebite, as corroborated by several other 

373 studies in rural Africa [16, 31, 38, 50, 51]. Likewise, majority of bites occur during the peak farming 
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374 periods (e.g. shea nut, millet and yam) when land is prepared for planting (March-April), maintained 

375 by weeding (May-June), and harvested (June-October) [23, 47, 51]. Our long-term bivariate rainfall-

376 snakebite data indirectly reflect the strong link between peak seasons of farming and rainfall, partly 

377 because artificial water sources are largely unavailable to the small-scale peasant farmer in northern 

378 Ghana and other parts of arid savanna zones in Africa. However, even though rainfall and snakebites 

379 are generally positively-correlated, our data also suggest that very intense rainfall reverses the trend, 

380 possibly caused by decreased activity of both snakes and humans as well as lower snakebite 

381 reporting rates due to the reduced mobility from flooding and erosion of basic road infrastructure. 

382 Although the dry season recorded lower snakebite rates, farmers are also at risk during this period, 

383 often being bitten during bush or charcoal burning, hunting, harvesting firewood, and at home 

384 during reduced farming activity in November-April [22, 47, 50].

385

386 As agricultural mechanisation is particularly low in northern Ghana, predominantly manual 

387 activities using the limbs expose farmers to snakes concealed in vegetation, soil and crops. This may 

388 explain why those extremities are the most prone to snakebites [23, 44, 47, 51]. Farming activities 

389 primarily take place during morning or late afternoon in order to avoid excessive sun exposure and 

390 heat during midday. Such factors also result in the poikilothermic snakes seeking warm areas during 

391 morning hours and shade in the hot midday and early afternoons. Nocturnal snakebites were mostly 

392 confined to homes and roads, a pattern found in many other rural areas of Africa, and attributed to 

393 walking barefoot, or inappropriate footwear and poor domestic lighting conditions [25, 31, 45, 51].

394

395 Snakebite prevalence, risk and rates are determined by several interrelated factors pertaining to both 

396 snakes and humans, notably the density, activity and behaviour of the snake culprits and their 

397 victims. Snake density appears the most important factor, as the commonest species are also often 
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398 the most prevalent as culprits [23, 46]. Snake density is related to habitat type and human 

399 disturbance, as well as food sources and hiding places. It is also inversely related to human density 

400 in many parts of sub-Saharan Africa [27, 30, 46], and therefore directly related to both destruction of 

401 suitable habitats as well as human persecution, especially in most African cultures with great dislike 

402 of snakes. Snakebite prevalence is lower in urban centres devoid of natural vegetation, and where 

403 snakes are at higher risk of being detected and killed [30]. Our data were in line with this inverse 

404 human-snake density-relationship, as evidenced by lower bite rates closer to Tamale, the district 

405 capital with >300,000 inhabitants.

406

407 Apart from densities of both humans and snakes, activity patterns and behaviour are two other 

408 important factors highly correlated with habitats, daytime hours and season. During rains, in which 

409 farming activities peak in the savanna zone, snakes often synchronise their breeding periods with 

410 high prey abundances [57, 58]. Likewise, density and activity of prey such as amphibians, birds, 

411 lizards, murid rodents and other snakes increase during rains, due to prey availability (mainly 

412 invertebrates) increasing along with the flourishing vegetation. The number of active farmers, 

413 combined with actively-hunting and breeding snakes tends to increase human-snake encounters, 

414 often resulting in bites and envenomations [46]. Similarly, the density-activity influence on human-

415 snake encounters and the behaviour of the snake culprits as well as victims are important factors. 

416 Risky behaviour during farming, hunting and firewood collection (e.g. using unprotected limbs to 

417 grasp, cut, dig, lift and pick tools, foods and other important farm-related items), increases the 

418 probability of unintendedly provoking and even attacking snakes [31, 51]. In response, the disturbed 

419 snakes may vigorously defend themselves either by hissing, inflating hoods, whipping tails, venom 

420 spitting or biting. Certain species appear more docile and reluctant to strike even if trodden on (e.g. 

421 Gaboon Viper Bitis gabonica and Phillips Grass Snake Psammophis phillipsi) while others tend to 

.CC-BY 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted February 6, 2019. ; https://doi.org/10.1101/543009doi: bioRxiv preprint 

https://doi.org/10.1101/543009
http://creativecommons.org/licenses/by/4.0/


20

422 be extremely aggressive and prone to strike at the least provocation or threat (e.g. Black-necked 

423 Spitting Cobra Naja nigricollis and Carpet Viper Echis ocellatus). Some species retreat long before 

424 humans are even close, whereas others stay put and motionless until it is too late to detect their 

425 presence before they strike. Highly mobile species may enter houses, garages and even cars in 

426 search of prey or warm places (e.g. cobras and small vipers), while other slow-moving species (e.g. 

427 large vipers) avoid such human-trafficked areas which pose great human-detection risks. As in the 

428 majority of West African studies, and as recorded from all sections of our study population, three 

429 snake species were by far the commonest snakebite culprits; Carpet Viper, Night Adder Causus 

430 maculatus and Black-necked Spitting Cobra [16, 23, 26, 35, 40, 43, 45, 46]. These three species 

431 were also the commonest found in our study area, as shown by extensive ecological censuses [59]. 

432 Polyvalent antivenom of these species in particular, is therefore essential in this part of northern 

433 Ghana [22, 23, 42].

434

435 CONCLUSION

436 Our community-based complementary data clearly demonstrate the gravity of snakebite 

437 envenomations in the savanna zone of northern Ghana, and the relatively high burden of incidence, 

438 morbidity and mortality. These findings cannot be overemphasised with respect to their negative 

439 implications for public health, agricultural productivity, social welfare and economic growth. In 

440 order to address the shortcomings of adequately-trained personnel, effective treatment with 

441 antivenom, and other efficient therapy, we recommend concerted efforts from both conventional and 

442 traditional medical practitioners to monitor, map and analyse snakebite incidences at district levels, 

443 including scientific efficacy testing of complementary therapy to expensive and unavailable 

444 polyvalent antivenoms. Additionally, community members, particularly the youth, should be 

445 sensitised on risky snakebite behaviour, snake biology and measures to prevent and minimise the 
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446 likelihood of snakebites. Such interventions could be achieved through community meetings, 

447 education and awareness sessions, and steady contact in the field with public health authorities 

448 liaising with traditional rulers and TMPs.

449
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649 Figures

650 Figure 1 Map of the Savelugu-Nanton District in northern Ghana, showing major roads, rivers, 

651 and the seven selected townships for the study. Line drawings produced with 

652 CorelDrawTM version 12.

653
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655 Figure 2 Mean monthly precipitation (black circles and solid line) and mean monthly number 

656 of snakebite incidences (grey triangles and broken line) recorded at the Savelugu 

657 District Hospital (1999-2008).
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669 Figure 3 Correlation between mean monthly precipitation and mean monthly number of 

670 snakebite incidences recorded at the Savelugu District Hospital (1999-2008).

r  = 0.652, p = 0.0217, two-tailed 
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672 Tables

673 Table 1 Basic socio-demographic characteristics and snake-conflict encounter statistics of the 

674 respondent community population (n = 1,000 residents) comprising seven communities 

675 surveyed in the Savelugu-Nanton District of northern Ghana (Dec 2008-May 2009).

676

Respondent variable No. of respondents (%)

Males 500 (50.0)

Females 500 (50.0)

<15 years old 300 (30.0)

15-30 years old 300 (30.0)

>30 years old 400 (40.0)

No formal education (illiteracy) 518 (51.8)

Basic primary school level (7-9 yrs) 439 (43.9)

Secondary school level (10-12 yrs)   39   (3.9)

Tertiary educational level (> 12 yrs)    4    (0.4)

Experienced a snake-conflict encounter 934 (93.4)

Experienced a snakebite personally (E)   58   (5.8)

Witnessed a snakebite in their community (W) 799 (79.9)

Total snakebite incidences reported (E+W) 857 (85.7)
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678 Table 2 Associations of reported personal snakebite incidences (n = 58) with gender and age-

679 group of 1,000 community members (male/female = 500 each) interviewed in the 

680 Savelugu-Nanton District of northern Ghana (Dec 2008-May 2009).

681

Variable Sub-group variable Frequency (%) Test-statistics p-value

Male 36 (62.1)
Gender

Female 22 (37.9)
Fisher’s exact test (2×2) 0.0778

<15 years 11 (19.0)

15-30 years 10 (17.2)Age

>30 years 37 (63.8)

χ² G-test (2×3) = 14.616 0.00067

682
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684 Table 3 Characteristics of personal snake-conflict encounters reported (n = 934 incidences) 

685 among 1,000 community members interviewed in the Savelugu-Nanton District of 

686 northern Ghana (Dec 2008-May 2009).

687

Respondent variable Sub-group variable Encounters (%)

Farmlands 604 (64.7)

Bushes 145 (15.5)

House and yards 100 (10.7)

Paths and roads   60   (6.4)

School facilities        19   (2.0)

Encountering habitat location

Open city drains     6   (0.6)

Afternoon 471 (50.5)

Morning 372 (39.8)Encountering time of the day

Evening and night   91  (9.7)

Rainy season 669 (71.6)
Encountering season of the year

Dry season 265 (28.4)
688
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690 Table 4 Snakebite cases reported by each of 604 respondents out of 1,000 community members 

691 interviewed in the Savelugu-Nanton District of northern Ghana (Dec 2008-May 2009).

692

Cases Respondents Total

One 449 449

Two 121 242

Three 30 90

Four 3 12

Six 1 6

Total 604 799
693
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695 Table 5 Comparison of perceptual characteristics of snakebite victims and incidences based on 

696 household surveys (*nmax = 857 cases) and traditional medical practitioners (TMP; **n = 

697 24 respondents; ***n = 42 and 65 cases), respectively among 1,000 community members 

698 and 24 TMPs, interviewed in the Savelugu-Nanton District of northern Ghana (Dec 

699 2008-May 2009).

Survey frequency (%)Respondent variable
(n = responses)

Sub-group variable
Household TMP

Male 584 (70.1) 22 (91.7)Gender
(*n = 833; **n = 24) Female 249 (29.9)   2   (8.3)

15-30 years 222 (53.9) 13  (54.2)
>30 years 146 (35.4) 10  (41.6)

Age-group of victim
(*n = 412; **n = 24)

<15 years   44 (10.7)   1   (4.2)
Morning 334 (40.3) 11  (45.8)
Afternoon 315 (38.0) 10  (41.7)

Day time hours of snakebite
(*n = 828; **n = 24)

Evening and night 179 (21.6)   3  (12.5)
Rainy season 610 (71.2) 20  (83.3)Season of snakebite

(*n = 857; **n = 24) Dry season 247 (28.8)   4  (16.7)
Farmlands    543  (81.0) 16  (66.6)
Bushes   56   (8.4)   7  (29.2)
House and yards   54   (8.1) -
Paths and roads     5   (0.7)   1    (4.2)
School facilities     9   (1.3) -

Habitat location of snakebite
(*n = 670; **n = 24)

Open city drains     3   (0.5) -
Legs and feet 540  (65.2) 19  (79.2)
Arms and hands 280  (33.8)   5  (20.8)
Head    7    (0.8) -

Position of snakebite infliction
(*n = 828; **n = 24)

Trunk    1    (0.1) -
Swelling 431 (52.5) 14  (33.3)
Bleeding 320 (38.9) 20  (47.6)
Local pain   67   (8.2) -
Dizziness     3   (0.4) -
Blood spitting -   4    (9.5)
Sweating -   2    (4.8)

 Symptoms most often reported
(*n = 821; ***n = 42)

Shivering -   2    (4.8)
Carpet Viper n/a  23  (35.4)
Night Adder n/a  17  (26.2)
Black-necked Spitting Cobra n/a  13  (20.0)
Puff Adder/other Bitis sp. n/a    8  (12.2)

Likely causal snake species
(***n  = 65)

Grass snakes/Psammophis sp. n/a    4    (6.2)
700
701 *Household survey: For cases where total responses ntot < 857, are explained by failure of respondents to 
702 recall details.
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704 Table 6 Statistically-tested associations of snakebite cases (n = 450) with gender and age-group 

705 reported at the Savelugu-Nanton District Hospital in northern Ghana (1999-2008).

706

Sub-group variable Gender

Age group (years) Males (%) Females (%)
Total (%)

<15   90  (20.0) 12 (2.7)    102    (22.7)

15-44 133 (29.6) 91 (20.2)    224    (49.8)

>44   73 (16.2) 51 (11.3)    124    (27.5)

Total 296 (65.8)         154 (34.2)    450  (100.0)

Statistical Test: χ² G-test (2×3) = 29.56, p < 0.00001, df = 2
707
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