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Global systematic review of cost of illness and 
economic evaluation studies associated with 
snakebite

Background Snakebite envenoming, a high priority Neglected 
Tropical Disease categorized by the World Health Organization 
(WHO), has been considered as a poverty-related disease that re-
quires greater global awareness and collaboration to establish strat-
egies that effectively decrease economic burdens. This prompts the 
need for a comprehensive review of the global literature that sum-
marizes the global economic burden and a description of method-
ology details and their variation. This study aimed to systematically 
identify studies on cost of illness and economic evaluation associ-
ated with snakebites, summarize study findings, and evaluate their 
methods to provide recommendations for future studies.

Methods We searched PubMed, EMBASE, Cochrane library, and 
Econlit for articles published from inception to 31 July 2019. Orig-
inal articles reporting costs or full economic evaluation related with 
snakebites were included. The methods and reporting quality were 
assessed. Costs were presented in US dollars (US$) in 2018.

Results Twenty-three cost of illness studies and three economic 
evaluation studies related to snakebites were included. Majority of 
studies (18/23, 78.26%) were conducted in Low- and Middle-in-
come countries. Most cost of illness studies (82.61%) were done 
using hospital-based data of snakebite patients. While, four studies 
(17.39%) estimated costs of snakebites in communities. Five stud-
ies (21.74%) used societal perspective estimating both direct and 
indirect costs. Only one study (4.35%) undertook incidence-based 
approach to estimate lifetime costs. Only three studies (13.04%) es-
timated annual national economic burdens of snakebite which var-
ied drastically from US$126 319 in Burkina Faso to US$13 802 550 
in Sri Lanka. Quality of the cost of illness studies were varied and 
substantially under-reported. All three economic evaluation studies 
were cost-effectiveness analysis using decision tree model. Two of 
them assessed cost-effectiveness of having full access to antivenom 
and reported cost-effective findings.

Conclusions: Economic burdens of snakebite were underestimat-
ed and not extensively studied. To accurately capture the economic 
burdens of snakebites at both the global and local level, hospital 
data should be collected along with community survey and eco-
nomic burdens of snakebites should be estimated both in short-
term and long-term period to incorporate the lifetime costs and 
productivity loss due to premature death, disability, and conse-
quences of snakebites.
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Snakebite envenoming is one of the most overlooked public health issues globally. Even though almost 
4.5-5.4 million people are bitten by snakes annually, snake antivenoms are still not readily and suffi-
ciently available especially in the developing region of the world like Sub-Saharan Africa, South-East Asia 
and South Asia [1]. Snakebite envenoming can result in fatalities; permanent physical disabilities, such 
as amputation, blindness and kidney failure; and psychological symptoms, such as Post-Traumatic Stress 
Disorder (PTSD). In 2017, World Health Organization (WHO) has recognized the importance of snake-
bite envenoming and categorized it as a high priority Neglected Tropical Disease with the goal of facili-
tating a cooperation and collaboration across countries to establish strategies to effectively decrease the 
burden of snakebite envenoming [2].

To systematically establish the effective strategies to deal with snakebites as well as prioritize resourc-
es for making antivenom available, it is important to know the true burden of the public-health threat 
posed by snakebites. However, only a few studies have estimated the economic burdens of snakebites 
and include only some regions of the world [2-5]. This study aimed to summarize the global economic 
burden of snakebites by systematically identify studies on cost of illness and economic evaluation asso-
ciated with snakebites as well as evaluate the methods used in these studies. Our findings will generate 
overall findings and methodological recommendations for future economic studies related to snakebites.

METHODS

This review followed the Methodological Expectations of Cochrane Intervention Reviews (MECIR) [6] 
and was reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement [7]. The PRISMA checklist table of this review is provided in Appendix S1 in the 
Online Supplementary Document. The study protocol was submitted to PROSPERO for registration 
(CRD42020147299).

Data source, search strategy, and eligibility criteria

We searched the following four electronic bibliographic databases; PubMed, Embase, Cochrane Library, 
and EconLit to identify articles related to cost of illness and economic evaluations associated with snake-
bites from any country which were published from inception to 31 July 2019. The search term used was 
snake* AND (burden OR economic* OR cost* OR “cost of illness” OR resource OR expenditure OR “economic 
evaluation” OR “cost-effectiveness” OR “cost-utility” OR “cost-benefit”). There was no language restriction in 
this review. Additional searches were done on the health economic databases including Health Econom-
ic Evaluation Database (HEED), Cost-effectiveness Analysis Registry, and Health Technology Assessment 
Database. The detail search strategies are provided in Appendix S2 in the Online Supplementary Doc-
ument. To be included, study must meet the following inclusion criteria; original articles reporting costs 
associated with snakebites estimated by primary data collection and original articles of the full economic 
evaluations associated with snakebites.

Study selection and data extraction

Two reviewers (CP and DL) independently performed the screening of titles and abstracts for relevance. 
The full-text articles of the potentially eligible studies were retrieved and selected based on the eligibili-
ty criteria by two independent reviewers (CP and DL). Data extraction were performed by two indepen-
dent reviewers (CP and DL) using the data extraction form in MS Excel (Microsoft Inc, Seattle WA, USA). 
Discrepancies were discussed among reviewers and resolved by the third reviewer (ST). Methodological 
characteristics and study findings from the cost of illness studies and economic evaluations were extracted. 
We extracted the following data from cost of illness studies; study design, country, setting, study period/
duration, sample size, perspective, data source, cost estimation method, cost components, currency year, 
snake species, antivenoms, and cost estimates. The following data were extracted from economic evalu-
ation studies; target population, study perspective, comparators, time horizon, discount rate, choice of 
health outcomes, resource and cost estimation method, currency year, choice of model, sensitivity anal-
yses, snake species, antivenoms, study parameters, incremental costs and outcomes.

Quality assessment

Two independent reviewers (CP and DL) assessed the quality of the studies. Cost of illness studies were 
assessed using the cost-of-illness evaluation checklist by Larg and Moss [8]. Economic evaluations were 
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assessed using the ten-item Drummond checklist [9] and the 24-item Consolidated Health Economic 
Evaluation Reporting Standards (CHEERS) checklist [10].

Data synthesis

Methodological characteristics, study findings, and quality of the studies were summarized and present-
ed. Countries were classified by income level according to the World Bank [11]. Costs were presented 
according to the recommendations of Turner et al., 2019 [12]. For studies that did not provide the year 
of cost data, the year of publication was used. Adjustment for inflation was done using the Gross Domes-
tic Product (GDP) deflator of the studied country. Cost estimates were then converted and reported in 
2018 US dollars (US$). To further facilitate comparison of costs across countries, the total costs associ-
ated with snakebites were estimated as percentage of the country’s GDP in 2018. GDP deflator, exchange 
rate, and GDP were obtained from the World Bank [13-15].

RESULTS

Study selection

We identified 3237 articles through electronic database searches. The searches in health economic da-
tabases found no additional articles. The detailed process of electronic database searching is presented 
in Appendix S2 in the Online Supplementary Document. We included 26 studies which met the eli-
gibility criteria as shown in Figure 1. The included studies comprised of 23 cost of illness studies and 3 
economic evaluations. Cost of illness studies were done in 16 countries, of which mainly comprised 13 
low- and middle-income countries. Only five studies (21.74%) were conducted in high-income countries.
[16-20] Economic evaluation studies were done in India, Nigeria, and 16 West African countries [21-23].

Study characteristics

The description of the study characteristics of the 
included studies are presented in detail in Appen-
dix S3-S4 in the Online Supplementary Docu-
ment. Of the 23 cost of illness studies, only 3 stud-
ies (13.04%) estimated annual national economic 
burdens of snakebite (Table 1) [5,28,40]. Nine-
teen studies (82.61%) were hospital-based study 
as they included only snakebite patients present-
ed at hospitals [16-20,25-29,31-34,36-40]. While 
the remaining four studies (17.39%) considered 
snakebite victims in the communities to also in-
clude those who did not reach treatment facilities 
eg, deaths or those who seek traditional healers 
[5,24,30,35]. Among these studies, only one study 
(4.35%) holistically collected both hospital-based 
and community-based data [5].

Most studies (95.65%) undertook prevalence-based 
approach which costs of illness of all prevalent cas-
es in the specific period of the study, usually one 
episode of snakebite, were estimated [5,16-20,24-
27,29-40]. Only one study (4.35%) undertook inci-

dence-based approach to estimate lifetime costs of illness including costs of productivity loss due to snake-
bite, disability, and premature death [28].

In terms of study perspectives, five studies (21.74%) utilized societal perspective which included both 
direct and indirect costs [5,19,25,28,37]. Components of indirect costs reported in the included studies 
were costs of productivity loss due to premature death and disability, income loss, and family income loss. 
Conversely, direct medical costs especially antivenom costs were estimated in all studies. Direct medical 
cost components estimated varied across studies. For example, traditional healer costs were reported in 
three studies (13.04%), [5,24,35] while six studies (26.09%) estimated direct non-medical costs includ-
ing costs of transportation, communication, food, accommodation, and caregivers [5,25,27,29,33,35]. 

Figure 1. Study selection flow.
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All of the reported cost components are summarized in Appendix S5 in the 
Online Supplementary Document.

Multiple sources of information were used to quantify, and value health care 
resources utilized by snakebite patients. Sources of health care resource uti-
lization data were chart, database, interview, and literature. Chart (n = 12, 
52.17%) [16,18,26,28,31-34,36-39] and interview (n = 10, 43.48%) [5,24,27-
30,32,33,35,37] were the most commonly used sources. Prices of health care 
resources were from interview, listed price, literature, and market price. List-
ed price was the most common source of price data (n = 15, 65.22%) [5,18-
20,25-28,31-34,36-38].

Only three economic evaluation studies were identified. All of them were 
cost-effectiveness analysis using decision analytic models [21-23]. Two studies 
compared no access to antivenom to full access in envenomed snakebite pa-
tients presented to hospital [21,22]. While, another study compared antiven-
om alone with the antivenom adjunct combination strategy to improve the 
proportion of snake victims reaching health care facilities [23]. The health out-
comes of snakebite in the models were similar including full recovery, death, 
and amputation. Lifelong was selected as the time horizon to capture deaths 
and disabilities. Discount was applied only to outcomes because direct costs of 
snakebite normally occurred during treatment in health care facilities [21-23].

Quality assessment

Reporting quality of the included studies was assessed and presented in Ap-
pendix S6-S7 in the Online Supplementary Document. Reporting quality 
of the included cost of illness studies were substantially varied. Perspective, 
epidemiologic approach, health care resource valuation, and detail cost com-
ponents were not clearly specified and reported. None of the included studies 
performed sensitivity analysis or estimated intangible costs. In contrast, re-
porting quality of the included economic evaluation studies was high where 
most aspects were met by all three studies [21-23].

Annual national cost estimates of snakebite

Among the included cost of illness studies, three studies estimated costs 
of snakebites as annual national costs in Iran, Sri Lanka, and Burkina Faso 
[5,28,40]. Table 2 shows the annual national cost estimates of snakebite in 
US$2018, cost breakdowns, and their contribution to the total costs. The 
number of snakebite patients ranged from 5379 patient in Iran [28] to 80 277 
patients in Sri Lanka [5]. These numbers were either retrieved from annual 
report or extrapolated and estimated from studies. The total annual national 
costs of snakebite drastically varied from US$126 319 in Burkina Faso [40] to 
US$13 802 550 in Sri Lanka [5]. These three studies estimated the annual na-
tional economic burdens of snakebite, of which direct medical costs contrib-
uted the most to the total costs (68.01%-77.14%) followed by indirect costs 
(13.16%-24.86%), and direct non-medical costs (7.13%-9.70%) [5,28,40]. 
Moreover, the total annual national costs from three countries were then cal-
culated as percentage of the country’s GDP in 2018 which resulted in less than 
0.001% in Iran and Burkina Faso and 0.016% in Sri Lanka. Average cost es-
timates per patient per episode of snakebite were summarized in US$2018 in 
Appendix S8 in the Online Supplementary Document.

Findings of economic evaluation studies associated with 
snakebite

Two studies reported outcomes as Disability-adjusted life years (DALYs) and 
deaths from snakebite [21,22], while the other study reported only DALYs 
[23]. All three studies concluded that their interventions were very-cost-ef-Au
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fective because the Incremental Cost-Effectiveness Ratio (ICER) per DALY averted of these studies ranged 
from 69.87 to 256.62 US$, which were much below the willingness-to-pay threshold of one GDP per 
capita of US$351.60 to US$2504.14 in the study countries [21-23]. While, the ICER per death averted 
of two studies ranged from US$1634.40 to US$5666.75 [21,22]. Costs of antivenom [21,22] and pro-
portion of patients with severe envenomation [23] were the most sensitive parameters (Appendix S9 in 
the Online Supplementary Document).

DISCUSSION

Accurate and comprehensive estimations of economic burdens of snakebites are highly needed to demon-
strate the real impact of this neglected tropical disease. Revealing the economic burdens of snakebites will 
make the policymakers understand the magnitude and contribution of each cost component. Moreover, 
the cost estimates derived can be further utilized in the subsequent economic evaluation studies which 
accurate cost estimates will result in less uncertain economic models. Thus, strategies and resources could 
be better developed and allocated to effectively deal with snakebites.

This review is the first systematic review which comprehensively identified economic studies related to 
snakebites in published literature. The methodological characteristics and study findings were summa-
rized. Our review found that 23 cost of illness studies and 3 economic evaluations had been conducted 
so far. Majority of these studies were conducted in Low- and Middle-income countries in regions highly 
inhabited by snakes. However, the overall methods of the included cost of illness studies related to snake-
bites were not comprehensive as most of them estimated only non-national direct costs in the hospital 
setting from non-societal perspectives.

Based on our review findings, several methodological issues should be considered for future research on 
economic burden estimation. First, the economic burden studies of snakebites should be done from the 
societal perspective in the national level to fully capture both direct and indirect costs and their relevant 
cost components. Our review found that collecting only direct medical costs could only capture 68.01%-
77.14% of the national annual total costs of snakebites. Direct non-medical costs and indirect costs con-
tribute 7.13%-9.07% and 13.16%-24.86%, respectively [5,28,40].

Second, economic burden studies should capture all snakebite victims by using both hospital-based and 
community-based data to ensure that those not seeking medical care are included. Hospital-based studies 
mostly captured envenomed or severe snakebite victims who were more likely to go to hospital. There-
fore, incorporating the community-based survey could further improve the completeness of the economic 
burdens because not all of the victims could reach hospital. They may die beforehand due to long travel 
distances, be referred to higher level health care facilities, or seek traditional healers for help due to cul-
tural belief [5,24,30,35]. For example, it was found that approximately 45.2% of snakebite victims in Sri 
Lanka consulted traditional healers which could further delay access to effective antivenom and result in 
worse outcomes [41]. Therefore, victim transportation and treatment seeking behavior should also be in-
corporated into the analysis depending on each country. If national epidemiological data of snakebites is 
lacking, data collection could be done in a representative group of snakebite victims then appropriately 
extrapolate to national cost estimates.

Table 2. Annual national cost estimates of snakebite in US$, 2018

Author, year Country Perspective Study approach

Annual 
number of 
snakebite 
patients

Source of annual 
incident cases

Annual national cost estimates in US$2018 with cost contribution to total 
costs

Direct medical 
costs (%)

Direct non-med-
ical costs (%)

Indirect 
costs (%)

Total costs

Mashhadi, 
2017 [28]

Iran Societal Incidence-based 5,379 Annual report 2 658 464 
(68.01%)

278 665  
(7.13%)

971 612 
(24.86%)

3,908,741

Kastur-
iratne, 
2017 [5]

Sri  
Lanka

Societal Prevalence-based 80,277 Extrapolated 
from commu-
nity survey and 
previous studies

10 647 355 
(77.14%)

1 338 614 
(9.70%)

181,6581 
(13.16%)

13,802,550

Gampini, 
2016 [40]

Burkina 
Faso

Patients Prevalence-based 22,337 Estimated from  
previous studies

126 319 
(100.00%)

NR NR 126,319

N/A – not applicable, NR – not reported
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Third, although snakebites are episodic and most costs occur during the first few weeks, economic bur-
dens of snakebites should be estimated both in short-term and long-term period to take into account the 
lifetime costs and productivity loss due to premature death and disability. Estimating indirect costs only 
in the short-term period as income loss might underestimate the indirect costs of snakebites. The contri-
bution of indirect cost estimates to the total costs increased from 13.16% to 24.86% when long-term costs 
of productivity loss due to premature death and disability from snakebite were incorporated [5,28,40].

Lastly, consequences of snakebites should be broader to include all relevant disabilities and their follow-
ing costs and productivity loss such as premature death, amputation, blindness, kidney failure, malig-
nant ulcers, pregnancy loss, scarring, and PTSD [21]. These will be varied by species of venomous snakes 
within each country. Therefore, all important snake species and their geographical distribution should 
also be considered to capture all relevant costs and consequences of snakebites.

Our systematic review has several limitations that should be discussed. The quality assessment of the in-
cluded cost of illness studies could only be done in the aspects of reporting quality, since there are no 
guidelines or checklist to directly evaluate the methodological quality of the cost of illness studies. None-
theless, articles with good reporting quality could imply their methodological quality to some extent. 
Moreover, the global economic burdens of snakebites and country comparison could not be estimated 
due to the underestimated nature of snakebite economic burdens revealed from our review. Further re-
search should be conducted using both hospital-based and community-based data to gather and high-
light the overlooked global economic burdens of this neglected tropical disease taking into account our 
methodological recommendations.

CONCLUSION

Economic burdens of snakebite were underestimated and not extensively studied. Majority of studies only 
provided direct costs of snakebite patients presented to the hospitals. There was a lack of study estimat-
ing national economic burdens of snakebites. Due to likely underestimated economic burden, hospital 
data should be used to combine with community survey to ensure the accurate estimation of overall eco-
nomic burdens of snakebite victims. Having full access to antivenom was found to be very cost-effective. 
Future studies should focus on how to make antivenoms available and affordable to snakebite victims.
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