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Background: Snakebite is an often-neglected event with a high rate of mortality and is concen-
trated in poor areas. We aimed to assess the economic impact and health effects of the implementa-
tion of interventions for snakebites through a systematic review of the scientific literature.
Methods: Thirty search strategies were conducted in seven databases, applying PRISMA’s
identification, screening, selection, and inclusion phases. The reproducibility of the selection
of studies and the extraction of information were guaranteed. The methodological quality
was evaluated using the Consolidated Health Economic Evaluation Reporting Standards.
Qualitative synthesis and meta-analysis were performed for determining the average cost-
effectiveness (ACE) for each death and disability-adjusted life years (DALY) avoided.
Results: Six cost-effectiveness studies were included for the supply of antivenom (AV), taken as
outcomes on days of hospitalization or in ICU, death and DALYs avoided. All studies only
included institutional costs, and majority of them did not specify the analytical model or economic
evaluation parameters and did not perform uncertainty analyses. The management protocol
standardization with interdisciplinary attention improves ACE of AV. Cost-effectiveness ratio
(CER) of treatment with AV was USD 1253 (constant value for the year 2017, adjusted by
purchasing power parity) for each death avoided and USD 51 per DALY avoided.

Conclusion: High cost-effectiveness of the AV treatment for snakebites was evidenced,
which shows that the allocation of resources for this event should be a healthcare priority in
addition to implementation of strategies that improve the access to, opportunity, and quality
of hospital and pre-hospital care and reduce the cost of AV.
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Background
Snakebites are considered a particularly serious public health problem in the
world’s tropical and subtropical regions, both because of the number of new
cases per year and because of the number of deaths and sequelae they cause. In
fact, the exact number of cases of snakebites is unknown, the World Health
Organization estimate that 5.4 million people are bitten each year with up to
2.7 million envenoming, with 81,000 to 138 000 annual deaths by snake bites
and around three times as many amputations.' Snakebites do not present consis-
tent epidemiological data and the burden of suffering it causes to humans remains
unacknowledged.* Therefore, in 2009, the World Health Organization declared that
ophidic accident is a neglected disease.”

Envenoming affects the poorest populations in Latin America, Asia, sub-
Saharan Africa, and some areas in Oceania, making it a disease of the poor.>®
Late consultation with a health center as well as misdiagnosis delay initiation of
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treatment.”® Other factors such as low availability, acces-
sibility, and affordability of the antivenom (AV) and poor
access to treatment and rehabilitation services further
increase the problem, as described in the resolution of
the 71st World Health Assembly.’

In addition to the serious clinical and epidemiological
impact and the impact on public health in general, this
type of envenoming negatively affects the economic and
social development of the affected populations. In this
context, the study by the Harrison group based on infor-
mation from 138 countries showed serious macroeconomic
and social impacts attributable to this event, with strong
correlations between mortality induced by envenoming
and poverty, low human development index, low per
capita government expenditure on health, a high propor-
tion of the labor force involved in agriculture, and low
gross domestic product per capita.'®

The foregoing also demonstrates the concentration of
the highest mortality rates because of this event in poor
countries or areas where availability of finances to bear the
costs associated with managing snakebites are less likely.
Therefore, it is crucial to know the interventions that have
the best relationship between health benefits and costs as
a basis for efficient allocation of the scarce resources of
the health sector in most endemic countries as well as the
prioritization of interventions that maximize health bene-
fits and social development.

In this context, some authors have investigated the
effectiveness of some technologies on health and the cost
of their provision, but with considerable heterogeneity in
the groups studied and the outcomes evaluated and with
publications based on patients and controls, modeling,
measuring DALY, death, and hospitalization.'""!?

Therefore, this study was conducted with the objec-
tive of estimating the economic impact and health
effects of the implementation of interventions for sna-
kebite through a systematic review of the scientific
literature. The advantages of this type of study include
performing a structured, explicit, systematic, exhaustive,
and reproducible search of studies referring to the same
research question; greater possibilities of extrapolation
of results; better accuracy in the estimates; greater sta-
tistical power of comparison; synthesis of research
needs; and generation of key results to guide decision-
making in health matters and guide consensus groups
and panels of experts or committees with regulatory

responsibilities.’ 3

Methods
Type of Study

Systematic review.

Question Population Intervention
Comparator Outcome Time Horizon

Resources (PICO-RT)

Population: People who suffered the event.

Intervention: AV administration.

Comparator: Modifications or complements to the inter-
vention, such as the use of adjuvants or clinical support.

Outcome: Of the outcomes included in the system-
atized studies, Disability-Adjusted Life Years (DALYSs)
avoided, deaths avoided, and reduction in the days of
hospitalization were predominant. Some studies included
changes in clinical examinations, amputation, and healing.

Resources: The studies mainly included direct costs of
treatment and healthcare personnel.

Time horizon: There was a high heterogeneity, from
the days of clinical management to risk simulations of
death to several years.

Protocol for Searching and Selecting
Studies According to PRISMA Guidelines

Identification: A search was conducted in PubMed, Ovid,
ScienceDirect and SciELO multi-disciplinary databases; in
the Google Scholar open search engine; and in the databases
specialized in health economics, Health Technology
Assessment and NHS Economic Evaluation Database. Each
of the terms snakebite, snake bite, envenoming, Snake
Envenomation, and Snake Envenoming were used in combi-
nation with the Boolean operator (AND, and) with the terms
economic evaluation, cost, cost-effectiveness, cost-utility,
cost-benefit, and cost-minimization as a total of 30 search
strategies in each database.

Screening: Inclusion criteria of the presence of the
terms in the title, abstract, or keywords; being an original
study; and being conducted in human subjects were
applied, which allowed revisions, editorials, books, and
studies on animals, plans, or in-vitro models to be
excluded.

Some search syntaxes include the following: i) in PubMed
(snakebite [Title/Abstract]) AND economic evaluation [Title/
Abstract]; ii) in Ovid, envenoming cost {Including Limited
Related Terms}; iii) in Science-Direct, Title, abstract, key-
words: Snake Envenomation; iv) in SciELO (ab: (Snake
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Envenoming cost-effectiveness)); v) in Google Scholar, allin-
title: snakebite cost benefit; vi) in Health Technology
Assessment Database, Snakebite Envenomation.m_titl.; and
vii) in NHS Economic Evaluation, Snake Envenomation.mp.
search as a Keyword.

Eligibility: Those studies that did not conduct eco-
nomic evaluations, such as clinical characterizations, case
studies, tests evaluation, and observational epidemiologi-
cal studies, were excluded; publications in languages other
than Spanish, English, or Portuguese were also excluded.

Inclusion: The studies were analyzed with qualitative
synthesis of the variables author, title, year, country, popu-
lation studied, intervention applied, comparison alterna-
tives, costs, health outcomes, and core result.

Reproducibility and Evaluation of
Methodological Quality

The search and selection of studies as well as the extrac-
tion of variables were performed by two researchers to
guarantee the reproducibility of the results. For determin-
ing the methodological quality, the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS)
guide was applied.

Analysis of Information

The study variables were analyzed with frequencies in the
qualitative synthesis. For the cost-effectiveness studies
with DALYs as an outcome, quantitative synthesis was
performed where the costs were deflated to USD 2018
and for comparison, the costs were adjusted through the
purchasing power parity (PPP) of the World Bank
International Comparison Program database, which allows
for the estimation of the costs needed for a country to
purchase the same products in a market or country of
reference (in this case the United States). In this way,
a quantitative synthesis of costs was made with DALY
avoided with the intervention of the health problem
analyzed.

Results

More than 1,00,000 publications were identified using the
search terms and 162 of them were screened. Of these 162
publications, 31 were conducted in animals or plants; 23
were narrative reviews; and 13 were editorials, posters, or
books, and after the eligibility phase, only six complied
with the protocol (Figure 1). Based on an update of

July 2020, a study published in the same year (2020)
was added.

All the studies corresponded to cost-effectiveness eva-
luations; they were published between 2012 and 2018 in
different countries (with the exception of the Magalhaes
et al study which was a partial economic evaluation, based
on costs of illness care published in 2020), with patients
who suffered the event and were treated in a hospital or
with the modeling of all cases in the country under study.
The intervention in all studies consisted of the administra-
tion of AV, with some variations or additions, such as
comparison of administration protocols, use of imported
AV, and with adjuvants or supportive care. Regarding the
outcomes,
(Table 1).

With regards to costs, most studies evaluated the costs

the most frequent was DALYs avoided

inherent to the intervention based on the provision of AV
and the care of the event. In the study by Habib et al, the
costs of diagnostic aids and the cost of feeding and trans-
portation to the hospital were added.'” In the study by
Kasturiratne et al, high economic losses were evidenced
because of out-of-pocket expenditures, losses of income
attributable to the event, and expenses by relatives because
of patient care.'® In the study by Magalhées et al, prehos-
pitalization ambulatory care, outpatient care for those who
were not hospitalized, postdischarge consultation, treat-
ment (antivenom therapy), hospitalization, costs from the
patient’s perspective, and costs from society’s perspective
(loss of productivity due to premature death and morbid-
ity) were analyzed.'®

Four studies presented excellent methodological qual-
ity with over 80% of criteria fulfilled; the study by Weant
et al and Qureshi et al fulfilled 56% and 61% of the items,
respectively.'""'* The methodological criteria less applic-
able to the studies were those related to the analytical
model, evaluation assumptions and parameters, and the
uncertainty analysis (Figure 2). In the study by
Magalhdes most of the criteria of the guide CHEERS did
not apply because it was not a complete economic evalua-
tion; however, of the quality criteria applicable to the
partial evaluations this study fulfilled 90%."®

The average cost-effectiveness (ACE) of the interven-
tions showed that the standardization of the interdisciplin-
ary care management protocol improves cost-effectiveness
by allowing optimal use of the resource used to manage
the event,'' and that importing AV affects ACE as it
increases the costs of the intervention.'® In this regard,
ACE for patients treated with a standardized protocol was

ClinicoEconomics and Outcomes Research 2020:12
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Figure | Search flowchart and selection of studies.

USD 2178 (constant value for 2017, adjusted by PPP)
compared with that for those treated with the non-
standardized one (USD 4121),"" or the cost for a correct
control of coagulation was USD 13 when using local AV
versus USD 27 when using imported AV.'*

ACE of treatment with AV was USD 1253 (constant
value of 2017, adjusted by PPP) for each death avoided,

with variations between studies or countries that fluctuated
between USD 733 and USD 3879, while the cost per
DALY avoided was USD 51 with a range between USD
18 and USD 161, which amounts to USD 1073 when
adjuvants and support care are included (Figure 3).
Uncertainty analyses showed the high sensitivity of the
cost-effectiveness ratio to AV costs, healthcare, and

Table | Description of the Studies According to Year, Country, Population, and Study Alternatives

Author Year | Country Population Interventions Outcome
Weant et al'"' 2012 | United States 75 patients (30 treated and 45 Standardized use of Days of hospitalization and in the ICU
controls) AV

Qureshi etal'* 2013 | Pakistan 80 patients (40 per arm) AV Pakistan Coagulation control and adverse reactions
AV India

Habib et al'? 2015 | Nigeria Total modeling of country cases AV availability or not Deaths and DALY avoided

Hamza et al'® 2016 | 16 African countries | Total modeling of cases by country AV availability or not Deaths and DALY avoided

Kasturiratne 2017 | Sri Lanka 49,819 patients without envenoming Case management Hospitalization and DALYs

wet al'® and 30,458 patients with envenoming | with AV

Herzel etal'” | 2018 | United States 100 patients AV + Care DALYs
AV + Adjuvant + Care

Magalhdes etal'® | 2020 | Brazil 11,503 cases and 56 deaths AV + Care Cost to the health system, due to premature

death and attributed to the loss of productivity

Abbreviation: AV, antivenom.
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Methodological quality criterion (CHEERS)

Title and summary indicate the type of study

Introduction substantiates the economic evaluation

Describes the study population

Indicates the perspective of the economic evaluation

Indicates the comparator

Delineates the time horizon

Applies discount rate (when required)
Describes the health outcome

The measurement of the effect or outcome is correct

Indicates the estimate of resources, cost, and prices

The choice of the decision modelis correct

States the assumptions of the model and the analytical method -

Exposes the results of the parameters

Describes the cost and incremental effectiveness (if applicable) .

Provides uncertainty or sensitivity analysis

Discusses the results and ther generalization and lmitations

Indicates the funding source

Declares any conflicts of mterest

Figure 2 Evaluation of the methodological quality of the studies.

effectiveness of AV in preventing mortality,'? and to the
reduction of the severity of the episode,'” highlighting the
relevance of timely care.

Discussion

Snakebites are a cause of high morbidity and mortality,
and between 421,000 and 1.2 million bites occur with an
outcome of 81,000-138,000 deaths annually.l’5 19 In addi-
tion, there are affectations, such as amputations due to
necrosis, blindness, kidney failure, and post-traumatic
stress.”?® Despite this wide diversity of health outcomes,
only the days of hospitalization or in ICU, coagulation
control, deaths, and DALY's were identified in this inves-
tigation, which highlights the need to perform cost-
effectiveness studies for outcomes, such as amputation,
particularly when considering some studies that have

Compliant Studies (%)

100
100
100
100
100
100
100
100
100
100

67

reported approximately 4% of patients with this outcome
and that the lack of AV can lead to amputation.”'~*>

Another effect, ie, acute kidney failure, occurred in
12% of cases in Australia.”® This is a frequent effect of
this event, given its delayed care and the multiple barriers
to initiating treatment, which would result in an increase in
the care costs for these complications, increased risk of
death, and DALYs as the main combined outcome of
morbidity, mortality, and disability used in the system-
atized studies.

The above shows the importance of the initiation of
therapy in a timely manner because it reduces the risk of
death, amputations, and other complications or sequelae

caused by a lack of AV supply,?*°

or the delay in the
initiation of therapy, generally attributed to the long travel-

ing time to the health center,”® and to the conditions of
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Author Country Cost/Death avoided Cost/DALY avoided

Habib Nigeria I 733 18
Hamza Nigeria I 675 | 29
Hamza Ghana i 792 | 33
Hamza Guinea-Conakry [} 832 | 35
Hamza Benin I 832 | 35
Hamza Cameroon I 846 | 36
Hamza Guinea Bissau I 847 | 36
Hamza Chad [ 960 | 43
Hamza Niger [ 980 | 40
Hamza Burkina Faso [ 994 | 41
Hamza Togo L 1,200 | 50
Hamza Ivory Coast I 1,215 | 53
Hamza Senegal L 1,465 | 60
Hamza Gambia L 1,512 | 63
Hamza Mali [ 1,599 | 67
Hamza Sierra Leone L 1,939 | 88
Hamza Liberia | 3,879 | 161
Kasturiratne ~ Sri Lanka No data | 23
Kasturiratne ~ Sri Lanka No data [ 182 a
Herzel United States No data b 815 b
Herzel United States No data [ 1,073 ¢

Figure 3 Average cost-effectiveness analysis of antivenom treatment for deaths and DALYs avoided. “a” indicates AV + Envenoming management. “b” indicates AV +

Support. “c” indicates AV + Adjuvant.

poverty in general.”” For example, in Colombia, 26.1% of
accidents do not receive AV treatment;”® in Africa, AV
availability is low because of its low production;** and
recently in Latin America, an insufficient production of
ampoules to adequately supply the demand of each coun-
try has been reported.”

It is important to highlight the fact that in this systema-
tic review, all the interventions focused on AV supply.
Currently, there are difficulties in the distribution of AVs
because of the reduction in their production and the lack of
cold distribution chains, particularly in Africa, which has
forced the search for solutions, such as the production of
AVs
America,

by other laboratories, in Latin

24,30

particularly
although with related efficiency and reactiv-

ity problems.*!*

which implies an overload to the cost of
AV. This is even more important considering that the
studies analyzed showed that the evaluation of the inter-
ventions was made against the use of AV, probably
because, to date, there are no other interventions available
for this event.*>¢

Most studies evaluated the costs inherent to the inter-
vention based on the provision of AV and the care of the
event; few added the costs related to diagnostic aids and
patients’ expenses for food, transportation, out-of-pocket
expenses in health, losses of productive days and expenses

for patient care,'® which are aspects that would evidence

to a greater extent the need to increase the budget for
health expenses for this type of event, which in many
contexts could constitute a trap to poverty.’’>°

In relation to costs, it was also evident that the stan-
dardization of the interdisciplinary care management pro-
tocol improves cost-effectiveness by allowing optimal use
of the resources used to manage the event.'' However, the
protocols do not ensure adherence of medical personnel,
taking into account that there is no agreement between the
clinical signs and symptoms that occur, the identification
of the attacking animal, and the classification of the sever-
ity of the envenomation, and the use of AV serum and the
dose administered.”**

Conversely, the costs for DALYs were very low com-
pared with that reported for other neglected diseases, such
as leishmaniosis, schistosomiasis, dengue, leprosy, rabies,

414
and filariasis,*'

which proves the relevance of interven-
tion for these diseases by the State, given their high cost-
effectiveness, which would add an equity issue to the
affected populations, which in most cases is poor.

The cost-effectiveness of AV is high, but it presents
problems, such as the high cost of AV during production
and low availability in some parts of the world. Likewise,
the seriousness of the case, lack of identification of the
snake species that caused snakebites, and delay in receiv-
difficult to address

ing care make it the event

submit your manuscript

552

Dove

ClinicoEconomics and Outcomes Research 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Quintana-Castillo et al

properly.”®243%44 Thjs is consistent with the uncertainty
analyses, which show a high sensitivity of the cost-
effectiveness ratio to AV costs, healthcare, and effective-

2 and also to the

ness of AV in preventing mortality,’
reduction of the severity of the episode,'® highlighting
the relevance of its timely attention.

Among the limitations of this study are the low
research development in the economic evaluations of this
topic; limited number of interventions and outcomes eval-
uated as well as the low reporting of incremental and
uncertainty analyses, which are an axis for decision-

making on the allocation of health sector resources.

Conclusion

High cost-effectiveness of AV treatment for snakebites
was highlighted, which shows that the allocation of
resources for this event should be a healthcare priority in
addition to the implementation of strategies that improve
the access to, the opportunity, and the quality of hospital
and pre-hospital care and reduce the cost of AV.

Abbreviations

DALY, disability-adjusted life years; AV, antiVenom,
PICO-RT, Population Intervention Comparator Outcome
Time horizon Resources; CHEERS, Consolidated Health
Economic Evaluation Reporting Standards; PPP, purchas-
ing power parity; ACE, average cost-effectiveness.
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