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Abstract

Background: Iran is one of the countries with a high incidence of venomous animal bites, especially scorpion stings and snake
bites. As a result, paying inadequate attention to education and prevention programs can impose considerable economic and social
costs on the country. Thus, this study aimed to determine the economic burden of snake bite and scorpion sting through identifying
direct and indirect costs imposed on the patients in the country.
Methods: This was an applied, cross-sectional and analytical-descriptive study conducted in Ahvaz, Iran, in 2015. In order to collect
data on direct medical costs, we used the data available in patients’ medical records and self-reports of specialists. Data on non-
medical direct costs and indirect costs were collected through face-to-face or telephone interviews with the patients in the studied
centers. Human capital approach was used to calculate indirect costs.
Results: The total annual costs estimated for the victims of scorpion sting and snake bite were 50,656,424 PPP$ and 11,317,416 PPP$,
respectively. Of the mentioned costs, respectively, 90.6% and 75.1% were spent on direct costs and 9.4% and 24.9% on indirect costs.
Conclusions: The results of this study showed that scorpion sting and snake bites could impose a significant economic burden on
payers, patients, and the community. Therefore, it is necessary to adopt proper preventive and medical measures to prevent the
increase of the related economic burden.
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1. Background

In recent decades, health expenditure has increased
considerably all over the world (1-3 ). In addition, because
of the catastrophic costs of health-related services, the
health system in Iran has been faced significant challenges
(4, 5). The costs may be imposed directly by the use of diag-
nostic and medical services or indirectly by the loss of pro-
ductivity and quality of life (6). According to recent reports
by the World Health Organization, more than 5 million
cases of snake bites, scorpion sting, wasp sting, etc. occur
in the world each year that ultimately lead to 100 thousand
deaths per year (7). In addition, most cases of snake bite oc-
cur in Asian countries leading to 30 thousand deaths annu-
ally on this continent. Moreover, at present in some parts
of the world, including South Africa, Middle East, South
American states including Mexico, and South America, and
the Indian subcontinent, scorpion sting is one of the most
important health problems (8). Real statistical data on
scorpion sting are not available; however, the estimated
annual number of cases worldwide is one million cases.

According to the reports, Mexico alone has 250,000 cases
of scorpion sting and Tunisia has 40,000 cases of scorpion
sting, of which 100 cases lead to patients’ death (9). A total
of 250,000 cases of venomous animal bites are annually re-
ported in Islamic Republic of Iran; thus, Iran is among the
countries with a high incidence of this type of injury (7).
Deaths from bites occur in all regions of the country; how-
ever, about 75% of deaths occur in the three provinces of
Khuzestan, Sistan and Baluchestan, and Kerman (7). Scor-
pion sting occurs in many parts of Iran; as a consequence,
more than 100,000 people annually are injured by scor-
pion sting, of which more than 75% are children. Mortal-
ity from scorpion sting is 80 to 100 deaths per year, most of
which occur in Khuzestan province (10, 11).

In addition, based on the annual estimates, approxi-
mately 300,000 cases of snake bite annually occur world-
wide. Moreover, every year about 30000 - 40000 deaths
due to snake bites are reported (12). Of all, 98% of snake
bites occur in the extremities (hands and feet) and 35% of
victims are children under 10 years of age. Furthermore,
snake bite is more common in males (12). There are more
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than 3,000 kinds of snakes around the world that almost
350 kinds are venomous and of these, 150 to 180 kinds
are among the dangerous venomous species (12). For in-
stance, cobra snake bites can lead to the death of 25% of
the victims (7). Undoubtedly, of all types of bites and ac-
cidents caused by venomous animals, bites of venomous
snakes are among the most important causes of injuries
and deaths in many parts of the world including Iran. Due
to the geographic and climatic conditions and the pres-
ence of known types of venomous snakes in Iran, many
injuries caused by snake bites occur every year in differ-
ent regions of the country (12). So far, no study has been
conducted and published on the economic burden of scor-
pion sting and snake bite in Iran. In addition, a few stud-
ies on this topic have been conducted and published in
other parts of the world, as well. For instance, Edward et
al.’s study (2013) evaluated the cost effectiveness of anti-
scorpion sting serum sold in the United States market and
the results showed that the average cost of treatment us-
ing anti-scorpion sting serum was 10,708 $. The researchers
concluded that anti-scorpion sting serum offered at cur-
rent price in the US market is not cost-effective. They found
that anti-scorpion serum available in the market is very ef-
fective but it is too costly (13).

Therefore, due to the lack of sufficient scientific evi-
dence, the economic burden of scorpion sting and snake
bites on community and individuals in the country is un-
clear. Because of special side effects of this type of injury,
in the absence of follow-up and treatment services, it can
impose a very high cost on the health system and the com-
munity. Moreover, it can impose a significant economic
burden on patients and health systems and communities.
Therefore, the economic burden of this type of injury can
be very significant.

2. Objectives

The aim of this study was to estimate the direct and in-
direct costs of snake bite and scorpion sting in the country.
As a result, providing detailed data on economic effects of
scorpion sting and snake bite can help health policy mak-
ers in the country make informed decisions about the pre-
vention and early treatment of the injury.

3. Methods

This was an applied, cross-sectional and analytical-
descriptive study conducted in Ahvaz, Iran, in 2015. It
was carried out on patients suffering from scorpion sting
and snake bite who referred to Abuzar and Razi hospitals
in Ahvaz and Imam Khomeini hospital in Ramhormoz in

2015. Abuzar and Razi hospitals in Ahvaz were selected be-
cause they were the reference hospitals. In addition, Imam
Khomeini hospital in Ramhormoz was selected because
this city had the highest incidence of scorpion sting and
snake bite in the province. This study aimed to assess di-
rect medical and non-medical costs and indirect costs from
a social perspective. The costs of snake bite and scorpion
sting were analyzed in three parts as follows:

1) In the first part of the study, direct costs imposed
on patients injured by scorpion sting and snake bite were
identified and estimated.

2) The second part was devoted to the estimation of in-
direct costs.

3) In the third part of the study, data obtained from the
previous two parts were combined and the average cost
per patient was calculated. Then, in order to estimate the
total economic burden in the country, the estimated aver-
age cost was multiplied by the total number of patients.

In this study, the incidence-based approach was used
to obtain information about costs. In addition, bottom-
up approach was used to analyze the costs imposed on pa-
tients (14-16).

3.1. Part I: Measurement of Direct Medical Costs

In order to increase the accuracy of data collected
on direct medical costs, we obtained the views of pa-
tients and professionals and simultaneously reviewed out-
patient and inpatient medical records of people who were
admitted to the studied hospitals from January 1 to Decem-
ber 31, 2015.

Because of the allocation of public subsidies to medi-
cations and hospital services, the actual costs are not re-
ported fully; therefore, in this study we calculated the costs
based on the prices set in the private sector (17).

3.1.1. Calculation of Direct Medical Costs

The average total direct medical costs per each patient
with scorpion sting and snake bite were separately calcu-
lated as follows (6, 18-20):

Total direct medical cost per patient = (average number
of visits × visit tariffs) + (average number of tests × tariffs
for each test) + (cost of every unit of medicine × number
of medicine prescribed in a course of treatment) + (aver-
age number of hospitalization days× tariffs for each day of
hospitalization) + (average number of diagnostic services
× tariffs for each diagnostic service) + (average number of
polyvalent serum× tariffs for each serum) + (average num-
ber of other services × tariffs for each course of service)

Moreover, in order to make international comparisons
in this study, we converted the costs using purchasing
power parity with an exchange rate of 11222.4 Rials to in-
ternational dollars (21).
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3.1.2. Measurement of Direct Non-Medical Costs

In order to estimate this part of the costs, we used the
patients’ self-reports, which were collected through face-
to-face or telephone interviews in the studied centers dur-
ing the study period. Since a number of patients who were
admitted to the reference treatment centers were living in
places other than Ahvaz, we considered other costs such as
travel costs, accommodation costs, and food costs as im-
portant components of direct non-medical costs.

3.1.3. Calculation of Direct Non-Medical Costs

The average total direct non-medical costs per patient
with scorpion sting and snake bite were separately calcu-
lated as follows (6, 18-20):

Average total direct non-medical costs per every pa-
tient = Average number of visits to a health care center to
receive medical services × cost of every visit × percentage
of patients referring from other cities.

3.2. Part 2: Measurement of Indirect Costs
The data on costs were collected through face-to-face or

telephone interviews with patients who received inpatient
and outpatient services from the studied medical centers
during the study period. In addition, informed consent
was obtained from all patients.

3.2.1. Calculation of Indirect Costs

In order to calculate the potential productivity lost
due to hospitalization and outpatient treatment, we used
the human capital approach (20). In this study, the days
when the patient rested at home due to disability was also
counted as a part of hospitalization days.

Potential productivity lost due to hospitalization = av-
erage number of days hospitalized × average wage

Potential productivity lost due to outpatient treatment
= average number of days that a patient spent on visiting
medical center or receiving medication × average wage

According to the decree of the Ministry of Labor and
Social Affairs, every eight hours of work is calculated as a
working day.

In this study, we used GDP method to calculate the po-
tential productivity lost due to premature mortality, the
data on GDP per capita were obtained from the data pub-
lished by the World Bank.

Potential productivity lost due to premature mortality
was calculated using the following formula:

(1)PL =
∑N

i=1

W × (1 + g)i

(1 + r)i

W = GDP per capita
g = economic growth rate
I = average number of years of life lost
r = discount rate

3.3. Part 3: Economic burden imposed on all patients injured by
scorpion sting and snake bite

After estimating direct and indirect costs imposed on
each patient with scorpion sting and snake bite and esti-
mating the incidence of the injury in the country, the po-
tential economic burden of scorpion sting and snake bite
was calculated using the following formula:

Economic burden: Total cost (direct medical + direct
non-medical + and indirect costs) × estimated number of
patients injured by scorpion sting and snake bite in Iran

3.3.1. Estimation of Incidence

There is no written and regular report on the incidence
of scorpion sting and snake bite in the country. However,
a few studies and reports have examined and investigated
this issue. National report on the registration of scorpion
sting injuries in 2009 published by disease control center
is one of the reports which cover the data from 41 universi-
ties of medical sciences. According to this report, the total
number of cases of scorpion sting in 2009 was 44,366 cases
and the incidence of scorpion sting in the whole country
was 59.5 per 100,000 people. Khozestan province with an
average incidence of 541 cases per 100,000 people accounts
for more than half of the cases of scorpion sting in the
country (22). Moreover, Dehghani et al. (2014) reviewed
and analyzed the 10-year trend of snake bite in Iran from
2002 to 2011. The results showed that during the study
period a total of 53,787 cases of snake bites were reported
by medical centers in Iran. The annual incidence of snake
bites ranged from 4.5 to 9.1 per 100,000 people during this
decade and the number of deaths registered was 67 cases.
Most cases of snake bites occurred in the South and South-
west provinces of Iran. The highest incidence of snake bites
was 6231 cases reported in 2016 and the lowest incidence
was 4696 cases reported in 2010 (23). Therefore, as the ac-
tual data on the incidence of scorpion sting and snake bite
are not easily available, different sources were used to col-
lect the related data.

Thus, according to the abovementioned data, the es-
timated average annual incidences of scorpion sting and
snake bite in the country, respectively, are about 42497 and
5379 cases. In addition, of the total cases, 20 and 7 patients
die of scorpion sting and snake bite, respectively.

4. Results

In this study, a total of 655 patients were studied. Of
whom 404 patients were injured by scorpion sting and 251
by snake bite. Table 1 presents the results of descriptive
study of patients injured by scorpion sting and snake bite
classified by gender, education, employment status, living
in urban or rural areas, and mean age of the patients.
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Table 1. Frequency Distribution of Patients Injured by Scorpion Sting and Snake Bite by Age, Gender, Level of Education, Employment Status, and Place of Residence

Variables Scorpion Percentage Snake Percentage Total Patients

Total pateints 404 61.8 251 38.2 655

Men 174 52.5 157 47.5 331

Women 230 71 94 29 324

Without university education 247 61.8 153 38.2 400

With university education 157 61.6 98 38.4 255

Employed 219 60.7 142 39.3 361

Unemployed 185 63 109 37 294

Urban residency 172 67.2 84 32.8 256

Rural residency 232 58.1 167 41.9 399

Average age 30 29 29.33

As Table 1 shows, the mean age of all patients was 29.33
years.

4.1. Direct Medical and Non-Medical Costs

Table 2 presents the costs of diagnostic and therapeu-
tic services (direct medical costs) and the costs of other re-
quired services (direct non-medical costs) per patient in-
jured by scorpion sting and snake bite.

Among the components of direct costs, hoteling costs
accounted for the largest share of medical costs (51% in
patients injured by scorpion sting and 46% in patients
injured by snake bite). Moreover, the cost of visits ac-
counted for 15% of total costs spent by patients injured by
scorpion sting and the cost of anti-venom polyvalent ac-
counted for 18% of total costs spent by patients injured by
snake bite. The lowest percentage of costs spent by scor-
pion sting patients was related to the costs spent on other
services including pharmaceutical services management,
blood transfusions or using blood products, and using am-
bulance. The lowest percentage of costs spent by snake bite
patients was related to diagnostic services including radio-
therapy, radiography, ultrasound, and then costs of using
disposable goods including IV, tubing set, health bags, and
oral thermometers.

4.2. Direct Non-Medical Costs

Some of the patients injured by scorpion sting and
snake bite who are involved in critical conditions are usu-
ally forced to get health care services through visiting re-
ferral centers in other cities. Therefore, such a condition
could considerably increase direct non-medical costs. Di-
rect non-medical costs include transportation costs, ac-
commodation costs, and meals costs. Direct non-medical
costs spent by patients injured by scorpion sting and snake

bite, respectively, are estimated as 130 PPP$ and 150 PPP$
per year. The largest share of these costs is related to the
costs of accommodation of patients’ accompanies both in-
side and outside the hospital.

Indirect costs
According to the results of our study, none of the pa-

tients injured by scorpion sting and snake bite lost their
job due to treatment services or disease complications. As
shown in Table 3, indirect costs per patient injured by scor-
pion sting and snake bite were estimated as 112 PPP$ and
523 PPP$ per year, respectively. The highest share of indi-
rect costs was related to the cost of potential productivity
lost due to hospitalization or death. In addition, the results
showed that indirect costs accounted for a substantial part
of the total costs, as it accounted for 25% of total costs spent
by patients injured by snake bite.

4.3. Estimation of the Total Cost per Every Patient Injured by
Scorpion Sting and Snake Bite

Figure 1 and Table 3 present a summary of direct med-
ical and non-medical costs and indirect costs per each pa-
tient in the country. The results showed that direct medi-
cal costs were one of the main components of the total es-
timated cost of treating patients injured by scorpion sting
and snake bite and accounted for about 68% to 80% of total
costs of the disease (Figure 1).

4.4. Economic Burden of Direct and Indirect Costs of Scorpion
Sting and Snake Bite in Iran

With regard to the estimated number of patients un-
der treatment in a year, economic burden of scorpion sting
and snake bite was calculated and the results are presented
in Table 4. As shown in Table 4, the estimated total direct
costs for patients injured by scorpion sting and snake bite
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Table 2. Average Direct Medical and Non-Medical Costs Per Patient Injured by Scorpion Sting and Snake Bite in 2015a

Service Type Scorpion (PPP$) Percentage Snake (PPP$) Percentage

Directmedical cost

Visit 140 ± 28 15 171 ± 24 12

Nursing services 22 ± 6 2 39 ± 2 3

Laboratory 54 ± 7 5 95 ± 9 7

Diagnosis services 36 ± 8 4 19 ± 8 1

Medicine 73 ± 20 8 120 ± 16 8

Hoteling 487 ± 203 51 656 ± 200 46

Polyvalent anti-scorpion serum 100 11 248 18

Consumer accecories 30 ± 8 3 36 ± 4 2

Other services 8 ± 2 1 47 ± 5 3

Total 950 100 1431 100

Direct non-medical costs

Transportation 35 ± 10 27 37 ± 12 25

Accomodation 61 ±19 47 75 ± 27 50

Meals 34 ±6 26 38 ± 7 25

Total 130 100 150 100

Total cost 1080 1581

Abbreviations: PPP$, purchasing power parity dollar.
a Data presented as mean ± SD.

Table 3. Estimation of Average Direct Medical and Non-Medical Costs, Indirect Costs, Total Costs, and Ratio of Direct to Indirect Costs per Patient Injured by Scorpion Sting and
Snake Bite in 2015 a , b

ID COST Scorpion Sting (PPP$) Snake Bite (PPP$)

1 DMC 950 ± 280 (80) 1431 ± 270 (68)

2 DNMC 130 ± 35 (11) 150 ± 45 (7)

3 IC 112 (9) 523 (25)

4 DC to IC Ratio 9.6 3

Total Cost 1192 (100) 2104 (100)

Abbreviations: DC to IC Ratio, ratio of direct cost to indirect costs; DMC, direct medical cost; DNMC: direct non-medical cost; IC, indirect costs; and PPP$, purchasing
power parity dollar.
a Data presented as No. (%).
b Annual indirect costs caused by presenteeism and absenteeism based on human capital approach

in the country were 45,896,760 PPP $ and 8,504,199 PPP $,
respectively. Moreover, the estimated total indirect costs
for patients injured by scorpion sting and snake bite in the
country were 4,759,664 PPP $ and 2,813,217 PPP $, respec-
tively (Table 4). Finally, the total economic burden of scor-
pion sting and snake bite in the country was 50,656,424
PPP $ and 11,317,416 PPP $, respectively. The total burden was
61,973,840 PPP $ (Table 4).

5. Discussion

The present study aimed to estimate the economic bur-
den of scorpion sting and snake bite from a social perspec-
tive in Iran.

The results of this study showed that scorpion sting
and snake bite could impose a significant economic bur-
den on the health system and community. As mentioned
above, no relevant study has been published so far; how-
ever, the results of our study are somewhat consistent
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Table 4. Estimation of Average Direct Medical and Non-Medical Costs, Indirect Costs, Total Costs, and Ratio of Direct to Indirect Costs Per Patient Injured by Scorpion Sting and
Snake Bite in Iran in 2015

Disease Type Number of Patients in Iran DMC, (PPP$) DNMC, (PPP$) IC, (PPP$) COI, (PPP$) DC to IC Ratio

Scorpion sting 42497 40,372,150 5,524,610 4,759,664 50,656,424 9.6

Snake bite 5379 7,697,349 806,850 2,813,217 11,317,416 3

Total 47876 48,069,499 6,331,460 7,572,881 61,973,840 7.2

Abbreviations: COI, cost of illness; DC to IC Ratio, ratio of direct cost to indirect costs; DMC, direct medical cost; DNMC: direct non-medical cost; IC, indirect costs; PPP$,
purchasing power parity dollar.
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Figure 1. Direct Medical and Non-Medical Costs and Indirect Costs as a Percentage
of the Total Cost for Each Group of Patients

with the results of Edward et al.’s study which reported
the catastrophic costs of anti-venom serum and high eco-
nomic burden of the disease (13). In addition, the results
of the present study showed that the average total costs,
which covered direct medical costs, direct non-medical
costs, and indirect costs, per patient injured by scorpion
sting and snake bite were 1192 PPP $ and 2104 PPP $, respec-
tively. Direct medical costs had the largest share of the to-
tal cost of treating patients injured by scorpion sting and
snake bite and accounted for about 68% to 80% of the total
costs of the disease. In addition, the total annual economic
burden for patients injured by scorpion sting and snake
bite in the country was 50,656,424 PPP $ and 11,317,416 PPP
$, respectively. The total burden was 61,973,840 PPP $.

In addition, the results showed that 11% and 18% of all
direct medical costs were devoted to the purchase of anti-
venom polyvalent serum in scorpion sting and snake bite
patients, respectively. Therefore, although the use of anti-
venom serum is very effective (3), because of the lack of
appropriate native guides, there is a very high frequency
of polyvalent serum injection to treat scorpion sting and
snake bite in the country. On the other hand, as anti-venom
polyvalent serum is available in the health centers free of
charge, it could impose a huge direct economic burden on
the health system.

This result is in line with the findings of Edward et al.’s

study which reported that anti-venom serum is effective
but expensive (13). Therefore, it might be helpful and cost
effective to prepare an appropriate treatment protocol for
such patients to utilize anti-venom serum more efficiently
in a cost-saving manner.

In addition, the results showed that the cost of hotel-
ing services accounted for the largest share of direct med-
ical costs spent by patients injured by scorpion sting and
snake bite. It might be due to the fact that this group of
patients required more high-cost services in hospitals like
intensive care unit services. It might be concluded that the
lack of appropriate and timely treatment of patients might
result in increasing the length of stay and the economic
burden of the disease.

Moreover, the finding of this study showed that of all
the patients injured by scorpion sting and snake bite 57.4%
and 66.5% were living in rural areas, respectively. As the
service centers for treating scorpion sting and snake bite
are located in urban areas, it might impose a higher level
of economic burden, especially in terms of direct non-
medical and indirect costs including costs of transporta-
tion, accommodation, meals, medical leave, time off, and
productivity loss.

Furthermore, indirect costs spent by patients injured
by scorpion sting and snake bite accounted for 25% and 9%
of the total costs, respectively. The findings indicate that
indirect costs are an important cost component; similar to
direct costs, indirect costs may increase with the progres-
sion of the disease and thus may impose a high burden on
the community. As a result, when calculating the economic
burden of diseases, they might be also considered and in-
cluded, as well.

On the other hand, the results showed that indirect
costs imposed by snake bite are more than indirect costs
imposed by scorpion sting.

Finally, the results of the study showed that with the
development and progression of the disease, the patients
will require more hospitalization services which can sig-
nificantly increase the direct costs. Moreover, because of
absenteeism and loss of productivity due to illness, there
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will be an increase in indirect costs, as well.
As mentioned in previous sections, there was no up-to-

date and comprehensive document on the exact number
of scorpion stings and snake bites in the country and it was
one of the limitations of this study. As a result, in this study
we used sporadic reports and resources that had related
data.

5.1. Conclusions

The results of this study showed that the economic bur-
den of scorpion sting and snake bites on payers, patients,
and the community is dramatically high; therefore, it is
necessary to adopt proper preventive and medical activi-
ties to prevent the increase of the related economic bur-
den.
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