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Abstract

Background and Aim: Data mining in medical sciences provides countless opportunities for demonstrating hidden patterns 
of a data set. These patterns can help general physicians and health workers in preventing diseases. This study aimed to 
forecast delay times in post-exposure prophylaxis (PEP) to human animal bite injuries in central Iran using a decision tree 
analysis.

Materials and Methods: The data of 2072 human animal bite cases were collected from Centers for Disease Control and 
Prevention unit of Qom Provincial Health Center, Iran from January 2017 to December 2018. The information related to 
animal bite incidents, including the biting animal characteristics and data on the bitten humans, was obtained by investigating 
the epidemiological survey forms of human animal bites. The decision tree model was applied to forecast the delay time of 
receiving PEP.

Results: A delay of more than 48 h in the initiation of PEP was estimated among 12.73% of animal bite victims. The most 
important variables to predict delay time of receiving PEP were the species of biting animal, time and cause of animal bite 
occurrences in 24 h a day, respectively. Hence, the model showed a delay in the initiation of PEP if the biting animal was 
a cattle or, a carnivore, and the time of being bitten was from 7 am to 1 pm, or if the animal was carnivore and the time of 
being bitten was between 1 and 7 pm, and the cause of animal bite was playing with the animal.

Conclusion: Based on the findings of the study on different variables affecting the initiation of PEP, the concepts related 
to animal bite and rabies, including the timely injection of anti-rabies vaccine to prevent rabies, it is a must to educate and 
train, all the people, especially housewives and students.

Keywords: decision tree analysis, human animal bite injuries, Iran, post-exposure prophylaxis.

Introduction

In medical and health-care surveillance, the 
biting of warm-blooded, domestic, or zoonotic ani-
mals (class  Mammalia) that leads to scratches, 
puncture wounds, and crush injuries are considered 
as an animal bite [1]. Being bitten by animals is 
an important threat to human health because some 
subsequent infections of such a bite can be fatal 
(e.g., rabies); that is why the highest rate of mortality 
rate belongs to rabies as an infectious disease [2,3]. 
Rabies is a vaccine-preventable viral disease, and it 
can be transmitted among humans and all species of 
warm-blooded animals. The causative agent of this 
disease is well-adapted to the nervous system virus 
(Mononegavirales: Rhabdoviridae) that belongs to 

the genus Lyssaviruses [4]. It can be transmitted to 
humans through the saliva of infected hosts. Although 
rabies is usually a result of an animal bite, other trans-
mission routes, such as mucous membranes, placenta, 
contaminated medical equipment, and organ trans-
plantations, have been also reported [5]. The diagno-
sis of rabies is possible through clinical and labora-
tory tests [6].

Although rabies is a preventable disease by effec-
tive vaccination, the disease remains a health prob-
lem in many countries around the world, especially 
in Asian and African countries such as Bangladesh, 
Pakistan, India, and Iran [7]. Tens of thousands of 
deaths (approximately 60,000) occur annually in 
humans around the world as a result of rabies [8]. 
Most of the victims are residents of the developing 
countries in Asia and Africa. Approximately 30-50% 
of them are children under 15 years of age [2,9,10]. 
In Iran, human rabies has long existed as a zoonotic 
disease among wildlife, and domestic animal contam-
ination with the rabies virus repeatedly happens [11]. 
Furthermore, in different parts of the world every 
year, more than 10 million people are being treated for 
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rabies to prevent rabies [12]. Up to 10 million human 
animal bite cases from different areas in the world 
receive post-exposure prophylaxis (PEP) to prevent 
rabies annually [13].

According to the Qom Health Center’s report, 
one human rabies death was documented in Qom 
Province in 2017. In some cases, the lack of an 
advanced surveillance system of rabies and the delay 
in the initiation of PEP in animal bite injuries have led 
to an increase in rabies incidence [14]. Thus, if we can 
use the existing data of animal bites in human to pre-
dict humans’ future behaviors, such as their delay time 
to receive PEP, it helps to control and reduce rabies 
disease [15]. One of the issues that help us predict the 
future behaviors of people who are bitten by animals 
is data mining with the decision tree model. In recent 
years, data mining methods with the decision tree 
model have been used to predict medical data such 
as cancer, anemia, and Crimean-Congo Fever [16-18].

This study aimed to forecast delay times in PEP 
to human animal bite injuries in central Iran using the 
decision tree analysis.
Materials and Methods

Ethical approval

Ethical clearance was earned from the 
Institutional Ethics Committee of Qom University of 
Medical Sciences (QUMS.REC.1396.116), Iran.
Study area and data collection

As shown in Figure-1 [19], Qom Province 
is located in the arid and semi-arid region in cen-
tral Iran. The data of 2072 human animal bite cases 
were collected from Centers for Disease Control and 

Prevention (CDC) unit of Qom Provincial Health 
Center, Iran, from January 2017 to December 2018. 
The information related to animal bite victims, includ-
ing the biting animal characteristics and data on the 
bitten humans, such as age, gender, residency place, 
animal bite occurrence location, date of bites, and 
the history of reception post-bite vaccination, was 
obtained by investigating the epidemiological survey 
forms of human animal bites.
Study design

In this study, data mining with the decision 
tree model was applied to detect the delay time of 
receiving PEP to prevent clinical rabies. The PEP, as 
a preventive measure of rabies, is considered a local 
treatment of the wounds (washing the wound imme-
diately with soap and water, and rabies vaccination 
after animal bite) [20]. This preventive method is very 
useful when there are lots of covariates, and the sam-
ple size is large [21]. Since this is a non-parametric 
method of statistical analysis, some preconditions 
of ordinary statistical analysis such as the normality 
and equality of variance or sensitivity to the outliers, 
are not relevant, hence not needed [22]. The method 
was initially introduced by Quinlan [23] and has been 
widely used in medical science [24]. The decision tree 
model generates and classifies simple, interpretable 
results as a set of if-then rules. The structure of this 
classifier is exactly like a Flowchart. The root node 
in the tree, which is the most important predictor, is 
placed at the topmost decision node. Making a deci-
sion based on a decision tree is as follows: First, an 
attribute is selected, and logical test is done; second, 
each outcome of test is branched to determine the 

Figure-1: Position of Qom Province in Iran (left) and its geographical situation (right) [19].
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corresponding child node of each attribute; third, this 
procedure is recursively run; and finally, based on the 
termination rule, which is preventing of over fitting, 
partitioning would be stopped [24].
Statistical analysis

In order to conduct decision tree analysis, deter-
mine important variables, and find the cutoff point for 
continuous variables, the classification and regression 
trees (CART) algorithm and Gini index were applied.
Results

Over the course of January 2017 to December 
2018, 2072  cases referred to CDC unit of Qom 
Provincial Health Center. In this period, 211 sus-
pected cases of the animal bites were submitted to 
Pasteur Institute of Iran (IPI) for rabies detection, 
and the disease of 8 cases was confirmed. Men were 
more exposed to animal bite than women (85.20% vs. 
14.8%). Almost 30% of them were self-employed, 
students or had other jobs in the next rank. They were 
mostly 20-30  years old (25%). The results revealed 
that the prevalence of a delay by more than 48 h in the 
initiation of PEP was 12.73%, and after being bitten, 
the delayed PEP was statistically more observed in 
women than men (19% vs. 11.3%), and Kappa coeffi-
cient was calculated as 0.486. There was a significant 
relationship between the job of the cases, and their 
PEP as the results of Chi-square showed that the num-
ber of delayed housewives and students was signifi-
cantly more than the expected values whereas drivers 
and businessmen were less likely to delay. The results 
of univariate analysis are shown in Table-1. First, for 
data mining based on univariate analysis, all variables 
that had a significant effect on the delayed PEP or 
were emphasized as important in the literature, were 
put in the model. According to the first step, sex, age, 
occupation, nationality, type of animal, animal status, 

time of event, place, number of injuries on the human 
body, being domestic or the stray of animal, the depth 
and area of injuries on human body, and the cause of 
animal bite occurrence were selected to be considered 
in the decision tree model. Next, using CART algo-
rithm, the depth of the tree was determined to be equal 
to three. The Gini index, as an impurity function of 
CART algorithm, showed that the most important 
variables for predicting the delay of PEP were ani-
mal’s type, the time of getting bitten (event time), and 
cause of animal bite, respectively (Figure-2).

According to Figure-2, the following five rules 
can be deduced:
1.	 If “The animal is NOT carnivorous” then the 

delay time is more than 48 h.
2.	 If “The animal is carnivorous” and “Event time is 

before 7 or after 19” then the delay time is <48 h.
3.	 If “The animal is carnivorous” and “Event time is 

7-13” then the delay time is more than 48 h.
4.	 If “The animal is carnivorous” and “Event time 

is 13-19” and “Playing with an animal” then the 
delay time is more than 48 h.

5.	 If “The animal is carnivorous” and “Event time 
is 13-19” and “Cause of animal bite occurrence is 
not playing with an animal” then the delay time is 
<48 h.
According to the incubation period of rabies dis-

ease, in three steps including 1, 3, and 4 that the delay 
time for getting PEP was more than 48 h, the risk of 
rabies is higher than other steps.

The performance evaluation of the proposed 
model for predicting the delay of more than 48 h in 
the initiation of PEP is shown in Table-2.
Discussion

In the present study, we estimated a delay of more 
than 48 h in the initiation of PEP among 12. 73% of 

Figure-2: Final decision tree model for predicting delay of more than 48 h in the initiation of post-exposure prophylaxis 
using classification and regression trees algorithm.
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Factors for delay Total Delay p‑value

No, 
n (%)

Yes, 
n (%)

Sex
Male 2009 1781 (88.7) 228 (11.3) <0.001
Female 405 328 (81.0) 77 (19.0)

Occupation
Self‑employed 722 649 (89.9) 73 (10.1) <0.001
Children 150 128 (85.3) 22 (14.7)
Pupil 376 320 (85.1) 56 (14.9)
housewives 236 196 (83.1) 40 (16.9)
Rancher 149 129 (86.6) 20 (13.4)
Student 63 47 (74.6) 16 (25.4)
Driver 64 62 (96.9) 2 (3.1)
Former 99 88 (88.9) 11 (11.1)
Worker 171 148 (86.5) 23 (13.5)
Employee 120 110 (91.7) 10 (8.3)
Other 259 231 (89.2) 28 (10.8)

Nationality
Iranian 2234 1958 (87.6) 276 (12.4) 0.09
Other 180 151 (83.9) 29 (16.1)

Residency place
Rural 474 398 (84.0) 76 (16.0) 0.006
Urban 1897 1678 (88.5) 219 (11.5)

Event description
Exposure to suspected animal rabies 19 11 (57.9) 8 (42.1) <0.01
Animal bite 2395 2098 (87.6) 297 (12.4)

Cause of animal bite occurrence
Teasing animals 502 440 (87.6) 62 (12.4) <0.01
playing with the animal 344 276 (80.2) 68 (19.8)
Human defense against animal attack 52 46 (88.5) 6 (11.5)
Animal’s sudden attack on humans 661 598 (90.5) 63 (9.5)
Because of feeding the animal and keeping it 370 320 (86.5) 50 (13.5)
Because of hunting the animal 98 90 (91.8) 8 (8.2)
Others 387 339 (87.6) 48 (12.4)

Type of animal
Cattle (Horse, Donkey, Cow, Sheep, Camel, 
Goat)

75 50 (66.7) 25 (33.3) <0.001

Carnivorous (Dog, Jackal, Pig, Fox) 1187 1060 (89.3) 127 (10.7)
Cat 1100 968 (88.0) 132 (12.0)
Other 52 31 (59.6) 21 (40.4)

Being stray
No 1238 1077 (87.0) 161 (13.0) 0.32
Yes 1170 1026 (87.7) 144 (12.3)

Status animal
Escaped

Yes 250 201 (80.4) 49 (19.6) <0.01
No 842 746 (88.6) 96 (11.4)

Killed
No 2376 2086 (87.8) 290 (12.2) <0.01
Yes 38 23 (60.5) 15 (39.5)

Place of injury in human body
Lower limb of the human body 693 625 (90.2) 68 (9.8) <0.01
Upper limb of the human body 1539 1333 (86.6) 206 (13.4)
Others 160 137 (85.6) 23 (14.4)

Number of injury in human body
1 1311 1132 (86.3) 179 (13.7) <0.001
2 631 557 (88.3) 74 (11.7)
3 255 226 (88.6) 29 (11.4)
More than 3 196 183 (93.4) 13 (6.6)

Entering the saliva of animal to human body
Yes 2405 2103 (87.4) 302 (12.6) 0.094
No 9 6 (66.7) 3 (33.3)

Puncture wounds
No 2131 1861 (87.3) 270 (12.7) 0.44
Yes 283 248 (87.6) 35 (12.4)

Table-1: Univariate analysis affecting factors on the delay of more than 48 h in the initiation of PEP.

(Contd...)
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animal bite victims. Although the incubation period 
of rabies in humans typically ranges from 15 days to 
3 months, an average of 1-2 months (in 75% of human 
rabies cases <3 months) from a few days to more than 
3 months have also been reported [25]. According to 
the national guidelines for rabies control (I.R. Iran, 
2004), developed by the IPI (WHO collaborating cen-
ter on rabies) and the Center for Disease Management 
(Zoonosis Control Department), it is vital to initiate 
PEP immediately, including the injection of anti-rabies 
vaccine and removing the rabies virus from scratches, 
puncture wounds, or crush injuries by washing [20]. 
In humans, the rabies virus can enter the peripheral 
nerves from scratches, puncture wounds, or crush inju-
ries of bitten victim and then go to their central ner-
vous system (CNS). Then, when it reaches the CNS of 
the bitten victim, it is deployed there and, the victim 
becomes infected with rabies disease. In this stage, no 
therapeutic measures can be effective, and the infected 
person will die [3]. Hence, any medical treatment that 
is needed to save the life of humans bitten by an animal 
should be done before the onset of clinical symptoms 
of rabies [2]. Therefore, we can conclude that approx-
imately 13% of bite victims in the present study who 
had a delay in the initiation of PEP were exposed to 
the rabies disease. The findings of this study showed 
that men had more delay than women in receiving the 

timely anti-rabies vaccine in case of animal bites. In 
other previous medical studies, it has also been proved 
that women are more concerned with medical care 
than men, and they often take necessary actions to 
receive required health care [26]. In this study, it was 
also observed that men were more delayed. This study 
also identified that there was a significant relationship 
between job and delay for receiving the anti-rabies 
vaccine. Based on the Chi-square test, students and 
housewives were delayed more than the expected time. 
In contrast, drivers and businessmen were delayed less 
than expected. One of the possible reasons behind this 
condition may be that housewives and students are 
more likely to be busy than other people with differ-
ent jobs, or that this group has not received sufficient 
training to be warned against the possible and subse-
quent problems of being bitten by animals [27]. Based 
on the decision tree analysis, it can be observed that the 
most important predictor variables to predict the delay 
time for receiving anti-rabies vaccine were the species 
of biting animal, time, and the cause of animal bite, 
respectively. The model indicates that if the species of 
biting animal is a cattle or, a carnivore and the time of 
the animal bite occurrence is from 7 am to 1 pm, or if 
the species of animal is a carnivore and the time of the 
animal bite is occurrence between 1 and 7 pm and the 
cause of animal bite is playing with the animal, there 
will be a delay in the initiation of PEP. Regarding the 
epidemiological condition of rabies in Iran, in all cases 
of an animal bite, the biting animal should be consid-
ered as a rabid animal, and the necessary medical treat-
ment (PEP) should be conducted immediately, even if 
the biting animal looks calm and healthy. Because of 
the reasons mentioned above, PEP centers in Iran are 
all on the alert, 24 hours a day, and on holidays, and 
they provide treatment services for rabies prevention 
free of charge. Thus, the bitten people can go to the 

Table-2: Performance evaluation of the decision tree 
model for predicting delay of more than 48 h in the 
initiation of PEP.

Statistic Value (%) 95% CI

Sensitivity 63.61 57.9369.01
Specificity 63.02 60.91‑65.08
Positive predicted value 19.92 18.35‑21.59
Negative predicted value 92.29 91.14‑93.31
Accuracy 63.09 61.13‑65.02

PEP=Post‑exposure prophylaxis

Factors for delay Total Delay p‑value

No, 
n (%)

Yes, 
n (%)

Scratches
No 202 162 (80.2) 40 (19.8) <0.01
Yes 2212 1947 (88.0) 265 (12.0)

Crush injuries
No 2375 2072 (87.2) 303 (12.8) 0.11
Yes 39 37 (94.9) 2 (5.1)

Time of event
Before 7 am 202 188 (93.1) 14 (6.9) <0001
7‑13 661 542 (82.0) 119 (18.0)
13‑19 801 696 (86.9) 105 (13.1)
19‑24 693 643 (92.8) 50 (7.2)

Age
<10 231 195 (84.4) 36 (15.6) 0.348
10‑20 377 320 (84.9) 57 (15.1)
20‑30 612 537 (87.7) 75 (12.3)
30‑40 532 472 (88.7) 60 (11.3)
40‑50 286 254 (88.8) 32 (11.2)
>50 376 331 (88.0) 45 (12.0)

Table-1: (Continued)
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PEP centers at any time of the day and receive medi-
cal treatment as soon as possible [28,29]. The decision 
tree model in this study showed that when the biting 
animals are cattle, the bitten people will come to in 
the initiation of PEP with delay. Because many bitten 
people think that only carnivorous animals, like dogs, 
cats, and wolves, can transmit rabies, they believe 
that being bitten by domestic animals cannot transmit 
rabies, hence not dangerous for humans [20]. This pre-
sumption is wrong as it has already been proved that all 
mammalian warm-blooded animals, can be a reservoir 
and host of rabies. Furthermore, if a human being is 
bitten by stray animals for any reasons (animal attacks, 
feeding animals, or playing with animals), They need 
to receive PEP immediately [30]. Unfortunately, as the 
model suggests, some bitten people think that if ani-
mals are biting when they are playing with them, they 
do not need to receive anti-rabies treatment, or they 
come to receive an anti-rabies vaccine with delay.
Conclusion

According to the variables of the study affecting 
the initiation of PEP, it is essential to educate and to 
train all the people, especially housewives and young 
students, so that they can immediately refer to the 
health centers to receive a timely injection of anti-rabies 
vaccine to prevent possible rabies. It is recommended 
that further research is carried out on the reduction of 
human rabies with the existing data that have been col-
lected at PEP centers in other provinces of the country. 
By so doing, the results will be made available to the 
Ministry of Health to have a better plan and formulate 
more comprehensive guidelines for rabies control.
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