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: ABSTRACT
® @ Snakebite incidents represent a significant public health concemn. On an annual basis,
¢ approximately 5.4 million snakebite incidents occur worldwide, resulting in 125,000

¢ deaths. The present study centered on epidemiological surveys and the modeling of time

series data pertaining to snakebites in Shoushtar City from 2017 to 2022. The present

¢ study documented data on 396 individuals who experienced snakebite incidents during the

Copyright © 2023 by (Z) research period. In t}}e medi.cal ﬁeld, time series analysis enta.ils th§ study and anal}{sis of
/ ¢ data collected over time to identify patterns, trends, and relationships. The forecasting of

Razi Vaccine & Serum Research Institute future trends in case counts was accomplished through the implementation of time series
: analysis and the employment of suitable models, with the utilization of Box-Jenkins

: models being a key element of this approach. The findings indicated that the majority of

: snake bite incidents occurred among males and in rural areas. The trend remained constant

: until the end of 2019, and from the last months of 2019 to the end of 2020, it exhibited an

¢ increasing trend (during the peak of the pandemic). The data exhibited a seasonal trend,

: with the highest occurrences in hot seasons and the lowest occurrences in cold seasons.

The demographic groups with the highest number of casualties were those between the

¢ ages of 25 and 44 and between 10 and 24 years of age. The body parts most frequently

affected by the condition were the foot (58.8%) and the hand (38.8%). The majority of

¢ individuals sought treatment without delay. The most suitable model for the available data

: was determined to be a seasonal ARIMA model in the form of ARIMA (0,0,0) (1,0,1)12.

The forecasting exercise, conducted over the span of the subsequent six months, employed

: the selected model. The model's projections indicated a decline in snakebite cases when

Article Info: compared to earlier periods. In general, the application of time series analysis in the
Received: 7 January 2024 : medical field is of paramount importance in the context of improving patient care,
Accepted: 25 May 2024 : enhancing public health strategies, and advancing medical research. The utilization of
Published: 30 April 2025 ¢ these tools can facilitate effective resource allocation and healthcare planning.

Corresponding Author's E-Mail: : . . . g g :
Fatemeh.rostampor@yahoo.com Keywords: Epidemiology, Snake Bites, Time Series, Box Jenkins, Southwestern

¢ Iran.


https://crossmark.crossref.org/dialog/?doi=10.32592/ARI.2025.80.2.563&domain=pdf

564 Mousavi et al / Archives of Razi Institute, Vol. 80, No. 2 (2025) 563-570

1. Introduction

Snakebite constitutes a substantial and considerable health
concern. Snakes are among the most venomous animals in
the reptile category. They are found in most parts of the
world except for the South Pole (1). Snakebite constitutes a
grave medical emergency that can result in immediate
patient mortality. Furthermore, it is a primary cause of
mortality and morbidity in tropical and subtropical regions
worldwide (2). The methods and consequences of
envenomation vary geographically, seasonally, and
according to the victim's lifestyle, socioeconomic status,
housing conditions, general health (age, weight, medical
history, and individual sensitivity), bite location, number of
bites, depth of penetration, injected venom quantity, and
other injected microorganisms accompanying the venom
(3). The provision of healthcare services and the diversity of
snake species within the region are also contributing factors
to these variations. The Southeast Asian region has the
highest incidence of snakebite cases worldwide (4). As the
reporting of snakebite cases is not obligatory in many
regions worldwide, precise global statistics on the incidence
are not readily available. However, according to reports,
approximately 5.4 million snakebite incidents occur
worldwide annually, resulting in about 125,000 deaths, and
an additional 400,000 people suffer from permanent
complications despite receiving initial care (5). In 2017, the
World Health Organization (WHO) formally recognized
snakebite as a critical public health concern, formally
categorizing it within the broader category of neglected
diseases (6). To address this intricate issue, concerted
efforts are imperative from the public health, medical,
ecological, and laboratory science sectors (7). In light of the
escalating number of cases, the World Health Organization
(WHO) made a commitment in 2019 to reduce snakebite-
related deaths and disabilities by half by 2030 (8). Iran is
regarded as one of the countries with a high incidence of
snakebites worldwide. The toxicity of 25 out of
approximately 69 snake species present in Iran has been
proven (9). The majority of documented cases are reported
in the provinces of Sistan and Baluchestan and Khuzestan
(10). The diagnosis of snakebite is primarily reliant on the
patient's self-report, laboratory investigations, and a
syndromic approach (11). In 2019, snakebite resulted in
63,400 deaths and 2.94 million years of life lost (YLL) on a
global scale. Snakebite is more prevalent among males than
females (12). Individuals engaged in wild environments or
agricultural activities, including but not limited to farming,
forestry, fishing, mining, wildlife management, or outdoor
work, are more prone to snake bites. A lack of awareness
regarding the initial actions to be taken and the necessity of
prompt treatment with antivenom can result in severe health
consequences for the affected individuals. However, the
implementation of a comprehensive reporting and
registration system for snakebite cases remains limited to a
few countries. Furthermore, the occurrence of snakebite
incidents is more prevalent in rural and remote regions,
which contributes to underreporting and a paucity of

accurate data concerning mortality and incidence (6, 13).
The impact and complications of snakebites are influenced
by various factors, including an individual's lifestyle,
socioeconomic  status, housing  conditions, age,
geographical location, method of exposure, access to
medical services, and the prevalence of different snake
species in each region. Consequently, there is a necessity
for studies and research to be conducted in various
locations. In the tropical regions of southern Iran, there is a
higher incidence of snakebites compared to other parts of
the country. However, there have been fewer
comprehensive studies in this field, particularly regarding
the temporal trend of their occurrences. Therefore, the
objective of this study is twofold: first, to identify the time
series behavior of snakebite incidents and, second, to
determine a suitable model. This will allow us to identify
the pattern of their occurrences and predict future trends.
This initiative is designed to support the efforts of relevant
authorities in the region, with the aim of enhancing control
and prevention measures to address the issue of snakebites.

2. Materials and Methods

This descriptive-analytical and time series study of
snakebite cases from April 2017 to March 2022 in Shushtar
County, Khuzestan Province, is the subject of this
investigation. The analysis was informed by reported data
from the local health center. The variables that were the
focus of the study included age, gender, region, month of
incidence, affected body part, time of incidence, delay in
seeking medical care, history of snakebite, and
administration of serum. The forecasting of future trends in
case counts was accomplished through the implementation
of time series analysis and the employment of suitable
models, with the utilization of Box-Jenkins models being a
key element of this approach.

The overall formula for time series analysis:

[Y =Trend + Seasonality + Residual |

The letter "Y" is used to represent the observed data in a
time series. The letter "Trend" is used to capture long-term
increases or decreases in the data. The letter "Seasonality"
is used to represent repeating short-term fluctuations in the
data. The letter "Residual” is used to represent random
variation or error left after the Trend and Seasonality are
accounted for. The formula is a basic framework used in
time series analysis to decompose the data into its
components for better understanding and forecasting. The
modeling process was comprised of three stages: model
identification, estimation of parameters for the selected
model, and evaluation of the final model. The stationarity
of the mean and variance was examined using
autocorrelation function (ACF) and partial autocorrelation
function (PACF) plots. The selection of the appropriate
model was made subsequent to the implementation of
differencing utilizing autoregressive (AR) p and moving
average (MA) q estimations, in conjunction with the
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AUTO ARIMA command and the AIC criterion. The
analysis was conducted using SPSS and R studio software

(Figure 1).

3. Results

During the study period, data concerning 396 individuals
was documented as cases of snakebite. The highest
incidence of snakebites was observed among males (79 %)
and in rural areas (68.1%). A statistically significant
discrepancy was identified between snakebite incidence,
gender, and the location of occurrence based on the Chi-
square test (p<0.001). The majority of the victims were
between the ages of 25 and 44 (48.9%) and between 10 and
24 (23.9%). No statistically significant disparities were
observed among the various age groups with regard to the
occurrence of snakebites. The lower extremities were the
most frequently affected body parts, with the foot (58.8%)
and hand (38.8%) being the most affected. Snakebite
incidents exhibited a peak occurrence from 12:00 a.m. to
6:00 a.m. The majority of individuals sought treatment
promptly, while 14.1% experienced a delay of more than 3
hours. In the course of the study, a single fatality was
documented in 1399, attributable to a delay in seeking
medical attention that exceeded three hours (Table 1). The
utilization of time series analysis was instrumental in the
examination of monthly snakebite data. The data
decomposition plot (Figure 2) reveals the observed data
series (2A) and the underlying trend in the data (2B). The
trend remained constant until the end of 2019, and from the
last months of 2019 to the end of 2020, it exhibited an
increasing trend (during the peak of the pandemic). A
modest escalation was also observed towards the
conclusion of 2021. As illustrated in Figure 2C, the data
series demonstrates seasonal variations. An increase in
snakebite cases was observed during the initial months of
the year, followed by a subsequent decrease. The lowest
number of snakebite incidents was observed in November
and December, followed by another increase from the
month of March. As illustrated in Figure 2(D), the residual
time series is depicted after the elimination of trends and
seasonal variations from the original data set. This
particular segment of the graph is devoid of any discernible
patterns, suggesting that it does not contain any specific
patterns in the data. The absence of instability in variance
was confirmed using the BOX-COX test, while instability
in the mean was observed due to the presence of both
increasing and decreasing trends in the data, as well as
seasonal patterns. In order to address the mean instability in
the series, a differencing method was applied. This process
entailed the implementation of first-order differencing on
the series data on a single occasion and seasonal
differencing on a single occasion. The resulting plots,
including time series, autocorrelation, and partial
autocorrelation, are shown after seasonal differencing. The
application of seasonal differencing has been demonstrated
to be a more efficacious approach in addressing the mean
instability observed in the series (Figure 3). The initial

parameters for Box-Jenkins modeling were determined
using autocorrelation and partial autocorrelation plots,
which were generated after implementing seasonal
differencing. Given the significance of the 10th lag in the
partial autocorrelation plot and the significance of the 12th
lag in the autocorrelation plot, the initial model was
considered as a seasonal ARIMA (0,0,0) (1,0,1)12 model.
Additionally, the 'auto arima' command was utilized to
ascertain the most suitable model for this data set. The
optimal model identified by the aforementioned command
was determined to be the ARIMA (0,0,0) (1,0,1)12 model.
The coefficients and evaluation criteria for this model are
delineated in Table 2. The residuals of the model were
examined to assess its suitability. This was done by plotting
residual graphs and the autocorrelation function (ACF)
(Figure 4). The findings indicated that the distribution of
residuals was random and lacked any discernible pattern,
and no significant autocorrelation was observed in the
residuals. The histogram of the model residuals exhibited a
normal distribution. Following a thorough examination of
the model's components, a prediction was made regarding
the number of monthly snakebite cases for the subsequent
six months. This prediction was derived from the
previously mentioned model. According to the prediction,
the number of cases is expected to decrease compared to
the past, and a seasonal trend is also observable in
predicting future cases (Figure 5).

4. Discussion

Snakebite constitutes a significant health concern in
economically disadvantaged and developing nations.
Consequently, there has been a paucity of studies
conducted to ascertain the incidence and influencing factors
of this issue. The findings of the present study indicated a
seasonal pattern in the prevalence of snakebites, with a
higher incidence observed during the warm months and a
lower incidence during the cold months. The incidence rate
exhibited an upward trend from the final months of 2019 to
the conclusion of 2020, a period that coincided with the
peak of the pandemic. In the study by Ebrahimi, Brunda,
and Hmimou, the highest number of snakebite cases
occurred in the warm months (14-16). The heightened
incidence of snakebites during the hot season can be
ascribed to the fact that snakes are most active at
temperatures ranging from 25 to 32 degrees Celsius.
Furthermore, the occurrence of hot seasons in southern
regions of Iran aligns with the agricultural season and the
practice of working in the fields. This concurrence can
result in an increase in human encounters with snakes. The
observed increase in snake bite incidents, particularly
during the period of peak pandemic, could be attributed to a
combination of factors. These include the psychological
impact of the pandemic, which has led to an increase in fear
of infection, and the resultant restrictions on human
movement and social interaction, which have led to a
decline in the number of people spending time in confined
indoor spaces and an increase in outdoor activities. These
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Data Collection, Stationarity Testing, Augmented Dickey-Fuller Test
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Model Identification using with (ACF), (PACF)
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Diagnostic Checking, Residual Analysis

R 5

Forecasting

Figure 1. Stages of time series analysis.

Table 1. Frequency distribution of Snskebite cases by demographic variable in Shushtar County (2017-2022).

Variable Group N %
Man 313 79
Gender
Female 83 20.9
City 126 31.8
Bite area

rural 270 68.1

0-9 26 6.5
10-24 95 23.9
Age 25-44 194 48.9
45-64 63 15.9

65< 18 4.5

Head and neck 4 1
Bitten organ Hand 154 38.8
Leg 233 58.8
trunk 5 1.2
24-6 125 31.5
6-12 89 22.4
Bite time

12-18 87 21.9
18-24 95 23.9
>1h 222 56.3
Referral time 1-2h 118 29.7
3< 56 14.1
>6h 358 90.4

Recovery time

<6h 38 9.5
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Figure 2. Decomposition of Snakebite cases time series components: trend, seasonality, and residuals.
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Figure 3. Plot of autocorrelation (ACF) and partial autocorrelation functions (PACF) for Snakebite cases after seasonal differentiation.

Table 2. ARIMA models Final Estimates of Parameters.

SAR1 SMA1
Log-likelihood -188.42
Coef .8317 -.5408
Al 2.
SE .1455 2257 ¢ 382.85
BIC 389.63
P-Value 0.01 0.00
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Figure 4. Plot of Autocorrelation function and histogram for the model's residuals.
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Figure 5. Prediction of Snakebite cases with the model for the next 6 months.
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activities have increased the likelihood of encounters with
snakes. The majority of cases of snakebite were observed in
men between the ages of 25 and 44. Furthermore, the study
conducted by Mulay, Buranasin, and Dehghani revealed
that the majority of snakebite cases were observed in males
within the age group of 1044 years (17, 18). The higher
prevalence of snakebites in men and the active age group of
the community could be attributed to the higher
involvement of men in farming and agriculture, as well as
their presence in snake habitats. Furthermore, men may
engage in a greater number of high-risk behaviors in
comparison to women. The higher incidence of snakebites
in rural areas can be attributed to various factors, including,
but not limited to, inappropriate rural environments,
suitable conditions for snakes to hide and live in, and the
presence of farms and orchards. Snakebites were observed
to have a uniform distribution over the 24-hour period, with
slightly elevated rates from midnight to 6 a.m. This finding
stood in contrast to the conclusions of the research
conducted by Leite (19). A similar finding was reported by
Ebrahimie's study in Haji-Abad, southern Iran, which
indicated that snakes exhibited higher levels of activity
during the late-night to early-morning period (16). This
phenomenon is presumably attributable to nocturnal resting
in open areas in rural regions, a behavior likely influenced
by the elevated temperatures characteristic of these
environments. The majority of injured individuals sought
treatment within the initial 2 hours. In the study by Jamshidi
and Tavares, the majority of the injured had visited the
medical center in less than 1.5 hours (20, 21). In the study
conducted by Ebrahimi, 75% of the injured subjects sought
treatment within three hours (16). The fact that the majority
of victims seek medical attention within two hours of the
incident underscores the pressing nature of the issue and the
need for heightened awareness of its urgency in this county.
Given the critical importance of the time interval between
snakebite incidents and the administration of anti-venom
for the survival of the victim, there is a need for ongoing
public education to promote awareness of the necessity for
prompt treatment and to underscore the significance of this
issue. Furthermore, given the climatic conditions of Shush,
which are characterized by hot weather, it is evident that
most activities are undertaken during the warm seasons,
specifically after sunset. Furthermore, given that snakes
typically inhabit dark environments and their activity and
hunting peaks at night, an increase in encounters with
snakes during this time period appears to be a natural
phenomenon. The body parts most affected by the
condition were the feet and then the hands. In the study by
Hati, Ochola, and Kassiri, the majority of snakebites
occurred on the lower limbs and then the hands (22-24).
The practice of walking barefoot in areas with a high
prevalence of snakes, as well as the increased use of these
areas for work and activities, has been identified as a
contributing factor to the elevated snakebite incidence in
these regions, even in the absence of protective measures
such as boots and gloves. Pursuant to time series analysis

and the employment of the ARIMA(0,0,0)(1,0,1)12 model,
the forecast indicated a decrease in cases for the subsequent
six months. However, according to the findings of
Ebrahimi's study, the ARIMA (1,0) (1,1)12 model was
identified as the most effective for prediction purposes. This
outcome is in contrast to the fitted model in this study,
where AR=1 (16). In Zamani's study, the most appropriate
model was determined to be the first-order moving average
(AR=1) with the first-order autoregressive (MA=1) (25). In
all three studies, the presence of seasonal patterns in the
data was also highlighted. Consequently, it can be deduced
that incorporating seasonal factors in the models provides
the optimal approach for identifying and predicting the time
series patterns utilised in this analysis. The occurrence
pattern in each region differs according to its climatic and
ecological conditions. A limitation of the study is its narrow
focus on a specific area without considering a broader
region.
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