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ABSTRACT

Background: Rabies is a zoonotic infectious disease that can be directly transmitted to humans and
is fatal, leading to death in South Timor Tengah Regency. Rabies has been officially declared an
outbreak in this region. This study aimed to analyze the effects of selected risk factors on rabies cases
in South Timor Tengah Regency, East Nusa Tenggara Province, Indonesia.

Subjects and Method: This study used primary data and employed an analytic observational
design with a case—control approach. A total of 200 participants were included, consisting of 100
rabies cases and 100 controls, drawn from a population of 4,749 cases and controls using random
sampling across 32 subdistricts in South Timor Tengah Regency. The dependent variable was rabies
case status. The independent variables included community knowledge, history of contact with dogs,
vaccination status of pet dogs, age, sex, stray dog bites, and stray dog population density. Data were
collected using a questionnaire that had been tested for validity and reliability. Path analysis was
conducted using STATA version 13.

Results: The study found significant associations between rabies cases and community knowledge
(OR= 0.06; 95% CI= 0.03—-0.16; p < 0.001), stray dog population density (OR= 2.72; 95% CI= 1.30—
5.70; p= 0.008), stray dog bites (OR = 4.59; 95% Cl= 1.97-10.69; p < 0.001), age (OR= 0.97; 95%
CI= 0.95-0.99; p= 0.008), and sex (OR= 0.33; 95% CI= 0.16—0.71; p = 0.005). In contrast, history of
contact with dogs (OR= 1.30; 95% CI= 0.62—2.71; p= 0.487), vaccination of pet dogs (OR= 0.89; 95%
CI= 0.37—2.13; p = 0.796), and educational level (OR = 1.31; 95% CI= 0.54—3.15; p= 0.553) were not
statistically significant.

Conclusion: High stray dog population density and stray dog bites increase the risk of rabies, while
higher community knowledge, female sex, and age >35 years serve as protective factors against rabies
in the population of South Timor Tengah Regency.
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BACKGROUND

Rabies is a zoonotic disease transmitted
from animals to humans through bites,
scratches, or contact with the saliva of
rabies-transmitting animals. It is a fatal
disease that attacks the central nervous
system and is caused by the Lyssavirus of
the family Rhabdoviridae (Ministry of
Health of the Republic of Indonesia, 2020).
The World Health Organization (WHO)
reports that approximately 95% of human
rabies deaths result from bites by rabid dogs,
with an estimated 59,000 deaths occurring
globally each year (Fooks et al., 2015).
Rabies cases have been reported in more
than 150 countries worldwide, with the high-
est burden observed in Asia, where nearly
40% of cases occur among children under 15
years of age (CDC, 2017). In addition to its
health impact, rabies causes substantial
global economic losses, estimated at appro-
ximately USD 9 billion annually (WHO,
2023).

In Indonesia, rabies remains a serious
public health problem, with its spread reach-
ing 36 provinces by 2019 (Ministry of Health
of the Republic of Indonesia, 2020).
Between 2015 and 2018, more than 500,000
cases of rabies-transmitting animal bites
were reported, with 836 confirmed human
rabies cases (Directorate General of Disease
Prevention and Control, 2018). In 2023
alone, 31,113 bite cases and 11 rabies-related
deaths were recorded, primarily due to bites
from rabid dogs. Dogs account for appro-
ximately 98% of rabies transmission in
Indonesia, while the remaining cases are
transmitted by monkeys and cats (Ministry
of Health of the Republic of Indonesia,
2020). These data indicate that rabies conti-
nues to pose a serious public health threat
despite ongoing prevention efforts.

East Nusa Tenggara Province, parti-
cularly South Timor Tengah Regency, repre-
sents one of the regions with the highest
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rabies burden and has been officially desig-
nated as experiencing a rabies outbreak.
This designation followed reported rabies-
related deaths resulting from dog bites in
Fenum Village, South Amanatun District, in
2023, along with a rapid increase in cases
over three consecutive days (South Timor
Tengah District Health Office, 2023).
According to data from the South Timor
Tengah District Health Office, as of February
2025, a total of 4,749 rabies-transmitting
animal bite cases and 18 deaths had been
reported across 32 subdistricts. The high
incidence of rabies suggests that prevention
measures, such as dog vaccination programs
and community education, have not yet been
optimally implemented.

Rabies transmission is influenced by
multiple risk factors related to both animal
reservoirs, particularly dogs, and human
populations. Previous studies have identified
community knowledge as a significant risk
factor for rabies in Ambon (OR= 3.1), while
poor dog ownership practices were asso-
ciated with a substantially higher risk (OR=
8.6) (Wattimena and Suharyo, 2015). In
Maputo and Matola, Mozambique, rabies
risk was associated with age under 15 years,
bites from stray dogs, deep wounds, bites to
the head, bites from vaccinated dogs, lack of
wound washing with soap and water, and
absence of post-exposure prophylaxis
(Salomao et al., 2017). In Pulau Morotai
Regency, individuals aged 25—49 years
accounted for the highest proportion of
rabies-transmitting animal bites (53.3%),
with females representing the majority of
cases (53.3%) (Tebekew et al.,, 2023).
Furthermore, high dog population density
(96 dogs per km2) has been identified as a
key risk factor for rabies occurrence among
dogs in Bali (Mahardika, 2016). Free-
roaming dog ownership practices were
associated with a significantly increased risk
of rabies transmission (OR = 5.62) due to
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increased human—dog contact (Sudarnika et
al., 2020). Educational level has also been
shown to influence rabies prevention beha-
viors among schoolchildren and teachers
(Tenzin et al., 2021).

Rabies is classified as a neglected
tropical disease, predominantly affecting
impoverished and remote communities. The
disease is almost invariably fatal once clini-
cal symptoms appear, as no effective cura-
tive treatment is currently available. Preven-
tion efforts rely primarily on vaccination and
the administration of rabies immunoglo-
bulin following exposure (CDC, 2024). Limi-
ted access to health services and low com-
munity awareness present major challenges
to rabies control in endemic areas such as
South Timor Tengah Regency.

Given the high incidence of rabies, the
substantial social and economic burden it
imposes and the lack of comprehensive
studies examining rabies risk factors in
South Timor Tengah Regency, further inves-
tigation is warranted. This study aims to
identify and analyze the effects of key risk
factors, including community knowledge,
history of contact with dogs, age, sex, stray
dog bites, vaccination status of pet dogs, dog
population density, and educational level, on
rabies cases. The findings are expected to
provide evidence-based support for the
development of more effective rabies pre-
vention and control strategies in South
Central Timor Regency.

SUBJECTS AND METHOD

1. Study Design

This study employed an analytic obser-
vational design with a case—control appro-
ach. The research was conducted in South
Timor Tengah Regency, East Nusa Tenggara
(NTT) Province, an area recognized as ende-
mic for rabies. Data collection was carried
out from April to May 2025.
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2. Population and Sampel

The case population consisted of all
individuals in the South Central Timor
Regency who were at risk of exposure to
rabies, while the control population com-
prised individuals who were not exposed to
rabies. Sample selection was conducted
using a fixed disease sampling approach
based on disease status. The sample size
was determined using Roscoe’s theory,
resulting in 100 case samples and 100
control samples. Participants in each group
were selected through random sampling

3. Study Variables

The dependent variable was rabies infec-
tion. The independent variables included
community knowledge, age, sex, history of
contact with dogs, vaccination status of pet
dogs, stray dog bites, dog population den-
sity, and educational level

4. Variable Operational Definition
Rabies is a viral disease caused by Lyssa-
virus of the family Rhabdoviridae, which is
present in the saliva of rabies-transmitting
animals. The virus has a characteristic
bullet-shaped morphology and is trans-
mitted primarily through dog bites or
through saliva that comes into direct contact
with mucosal surfaces or open skin wounds
among communities in the South Central
Timor (TTS) Regency. Clinical symptoms
include fever, lethargy, loss of appetite, sleep
disturbances, hallucinations, decreased
consciousness and a burning sensation at
the bite site. Data were obtained from medi-
cal records, with measurements conducted
through observation and interviews. The
measurement scale was dichotomous.
Community knowledge refers to the
extent to which individuals in South Timor
Tengah Regency understand rabies, inclu-
ding its causes, signs and symptoms, poten-
tial dangers, awareness of rabies-trans-
mitting dogs, proper dog ownership practi-
ces and preventive measures. Data were
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collected using a structured questionnaire
through observation and interviews. The
measurement scale was initially continuous
and subsequently categorized into a dichoto-
mous scale.

History of contact refers to any prior
physical interaction between individuals and
dogs, including bites, scratches, or contact
with dog saliva that may potentially transmit
rabies among residents of the South Timor
Tengah Regency. Data were collected using a
questionnaire through observation and
interviews and the variable was measured on
a dichotomous scale.

Vaccination status of pet dogs refers to
whether owned dogs in South Timor Tengah
Regency had received rabies vaccination as a
preventive measure to reduce the risk of
rabies virus transmission. Vaccination indu-
ces immune effectors and stimulates the
host immune system and memory cells.
Data were collected using a questionnaire
through observation and interviews. The
measurement scale was initially continuous
and then categorized into a dichotomous
scale.

Age refers to the chronological age of
individuals in the community, categorized
into two groups based on a predefined cutoff
that may influence rabies occurrence in
South Timor Tengah Regency. Data were
collected using a questionnaire through
observation and interviews. The measure-
ment scale was initially continuous and
subsequently dichotomized.

Sex refers to the biological classification of
individuals and is examined in relation to
the risk of developing rabies following
exposure to rabies-transmitting dog bites in
South Timor Tengah Regency. Data were
collected using a questionnaire through
observation and interviews, and the variable
was measured on a dichotomous scale.
Stray dog bites refer to bites inflicted by
dogs of unknown rabies infection status that
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are not owned and have direct contact with
residents of South Timor Tengah Regency.
Data were collected using a questionnaire
through observation and interviews. The
measurement scale was initially continuous
and then categorized into a dichotomous
scale.

Dog population density refers to the
number of dogs within a specific geographic
area per unit area (km2), classified accor-
ding to a predetermined threshold in South
Timor Tengah Regency. Data were collected
using a questionnaire through observation
and interviews. The measurement scale was
initially continuous and subsequently dicho-
tomized.

Educational level refers to the highest
level of formal education completed by
individuals, which may influence their
understanding and behaviors related to
rabies. Data were collected using a ques-
tionnaire through observation and inter-
views. The measurement scale was initially
continuous and later categorized into a
dichotomous scale.

5. Study Instruments

The research instrument consisted of a
closed-ended, structured questionnaire that
had been tested for validity and reliability.
The questionnaire included items on respon-
dents’ characteristics and questions related
to risk factors associated with rabies cases.
Secondary data, including case samples,
vaccination records, dog population density,
and history of contact with dogs, were
obtained from medical records at health care
facilities, as well as reports from the South
Timor Tengah District Health Office and the
District Livestock Service.

6. Data Analysis

Univariate analysis was conducted to
describe the frequency distributions and
percentages of all study variables. Bivariate
analysis was performed to examine the
associations between independent and

558



Mokos et al. / Factors Associated with Rabies Cases in South Timor Tengah

dependent variables using simple logistic
regression. Multivariate analysis employed
path analysis to assess both direct and
indirect effects of risk factors on rabies
cases. Path analysis was conducted through
several steps, including model specification,
model identification, assessment of model
fit, parameter estimation and model res-
pecification when necessary.

7. Ethical Consideration

This study adhered to ethical principles,
including informed consent and confiden-
tiality, which were carefully addressed
throughout the research process. Ethical

approval was obtained from the Research
Ethics Committee of Dr. Moewardi
Hospital, Surakarta, Indonesia (No. 761-
/IV/HREC/2025), dated 26 April 2025.

RESULTS

1. Sample Characteristics

A total of 200 study participants were
interviewed, comprising 100 case samples
and 100 control samples. The mean age of
the participants was 35.05 years, with a
standard deviation of 18.19. Detailed charac-
teristics of the continuous variables are
presented in Table 1.

Table 1. Sample characteristics (continous data)

Variable Mean

SD Min Max

Age (years old) 35.51

18.19 2 85

The characteristics of the study sample are
presented in Table 2, which summarizes the
categorical variables, including rabies case
status, community knowledge, history of
contact with dogs, vaccination status of pet

dogs, age, sex, stray dog bites, dog
population density, and educational level.
The study included an equal number of
rabies cases and non-cases, with 100 parti-
cipants in each group (50%).

Table 2. Sample characteristics (categorical data)

Sample characteristics Category n %
Rabies infection Ccc)z‘ffol 183 gg:g;ﬁ
Knowledge ﬁ?g{l 1335 i?ng
Contact history {?g 1%73 g?g;/z
Rabies vaccination SI;LOS 17255 g?g;‘j
Age (years old) R e ol 8 T
Sex Male 102 51.0%
Female 98 49.0%
Stray dog bites {f: 18182 22822
Dog population density ngb 1(;) 19 Zggé
Slortghschonl 84 g

Most participants demonstrated a high
level of knowledge about rabies, accounting
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for 118 individuals (59.0%), compared with
those with low knowledge. A slight majority
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of participants reported no history of
contact with dogs (103 participants; 51.5%).
Regarding pet dog vaccination, a larger
proportion of participants reported that
their pet dogs had not been vaccinated
against rabies (62.5%) compared with those
whose dogs had received vaccination.

In terms of age distribution, most
participants were in the <35-year age
group, with 113 individuals (56.5%),
compared with those aged >35 years. Male
participants slightly outnumbered females,
with 102 males (51.0%). More than half of
the participants reported having been
bitten by stray dogs, accounting for 112
individuals (56.0%). Additionally, the
majority of participants resided in areas
with high dog population density (109
participants; 54.5%). Regarding educa-

tional attainment, a higher proportion of
participants had completed senior high
school or higher education (> senior high
school), representing 58.0% of the sample,
compared with those with lower educa-
tional levels (< junior high school).

2. Bivariate analysis

Table 3 presents the results of a simple
logistic regression analysis examining risk
factors associated with rabies cases. The
analysis identified several variables with
statistically significant associations. Com-
munity knowledge was significantly asso-
ciated with rabies incidence, indicating a
protective effect (OR = 0.10; 95% CI =
0.02-0.14; p < 0.001). In contrast, no sig-
nificant association was observed between
vaccination of owned dogs and rabies cases.

Table 3. The results of the simple logistic regression analysis examining factors

associated with rabies cases

(V)
Independent variables OR — 95% CI — P
Lower limit Upper limit
Knowledge 0.10 0.02 0.14 <0.001
Contact history 1.30 0.62 2.71 0.487
Rabies vaccination 0.89 0.37 2.13 0.796
Age (years old) 0.46 0.22 0.98 0.045
Sex 0.33 0.16 0.71 0.004
Stray dog bites 5.36 2.17 13.24 <0.001
Dog population density 2.90 1.36 6.18 0.006
Education 1.31 0.54 3.15 0.553

N observation = 200
-2 log likelihood= 89. 82
Nagelkerke R 2 = 97.6%

Age was significantly associated with rabies
cases (OR = 0.46; 95% CI = 0.22-0.98; p =
0.045), suggesting a lower risk in older age
groups. Sex also showed a significant asso-
ciation (OR = 0.33; 95% CI = 0.16—0.71; p =
0.004). Individuals who experienced bites
from stray dogs had a substantially higher
risk of rabies (OR = 5.36; 95% CI = 2.17—
13.24; p < 0.001). Additionally, higher dog
population density was significantly asso-
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ciated with an increased risk of rabies (OR=
2.90; 95% CI= 1.36—6.18; p= 0.006).

Conversely, educational level was not
significantly associated with rabies cases3.
On the other hand, educational attainment
did not show a statistically significant
association with rabies cases, suggesting
that differences in education level were not
a determining factor in the occurrence of
rabies within the studied population.
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3. Multivariate analysis

indirect effects on rabies cases among the

Multivariate analysis using path analysis community in South Timor Tengah
was conducted to examine both direct and Regency.
binomial
binomial Sex
Education (Female)
(above mean) logit
logit
5 -1.1
binomial h'" —
Knowledge Je inomia
{above mean) .2 \\ Rabies
|ait (Infected)
75
hinomial logit
Age
(above mean) 16 1
logit
binomial
binomial : n Dgg
Dog m:ﬁ?;{fl .A"T' population
Vaccination 1.9 dog density (high)
bites -1.6 oo
logit logit

Figure 1. Path diagram illustrating factors influencing
rabies cases in South Timor Tengah Regency

The path diagram in Figure 1 illustrates the
direct and indirect relationships between
sociodemographic factors, knowledge, and
environmental factors influencing rabies
infection. Education affects rabies risk
indirectly through its influence on
knowledge, while age, sex, knowledge, wild
dog bites, and dog population density show
direct effects on rabies cases. Dog
vaccination is indirectly associated with
rabies through its effect on wild dog bites.
The results presented in Table 4
indicate that higher community knowledge
acts as a protective factor, reducing the risk
of rabies by 0.06 times compared with
individuals with lower knowledge levels
(OR= 0.06; 95% CI= 0.03—0.16; p < 0.001).
Female sex was also identified as a
protective factor, with women having a 0.33
times lower risk of rabies compared with
men (OR= 0.33; 95% CI = 0.16—0.71; p=
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0.005). In addition, individuals aged 35
years or older in South Timor Tengah
Regency had a lower risk of rabies com-
pared with those younger than 35 years
(OR= 0.97; 95% CI= 0.95—0.99; p= 0.008).
Conversely, individuals who expe-
rienced bites from stray dogs had a
substantially higher risk of rabies, with a
4.59-fold increase compared with those
who were not bitten (OR= 4.59; 95% CI=
1.97—10.69; p < 0.001). Living in areas with
high dog population density was also asso-
ciated with an increased risk of rabies, with
a 2.72-fold higher risk compared with areas
with low dog population density (OR= 2.72;
95% CI= 1.30—-5.70; p= 0.008).
Furthermore, the path analysis results
show that education influences rabies
knowledge, while dog vaccination status
and dog population density affect the
occurrence of stray dog bites. Detailed
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estimates of the direct effects of these risk
factors on rabies cases in South Timor

Tengah Regency are presented in Table 4.

Table 4. Estimated results of the path analysis examining the direct effects of risk
factors on rabies cases in South Timor Tengah Regency

Dependent Independent OR 95% CI
variables variables Lower limit Upper limit p
Direct effect
Rabies < Knowledge about 0.06 0.03 0.16 <0.001
infection rabies
< Sex (female) 0.33 0.16 0.71 0.005
< Age (years old) 0.97 0.95 0.99 0.008
& Stray dog bites 4.59 1.97 10.69 <0.001
< Dog population 2.72 1.30 5.70 0.008
density
Indirect effect
Knowledge < Education 12.11 5.67 25.88 <0.001
about rabies
Stray dog bites € Rabies vaccination 6.96 3.54 13.69 <0.001
< Dog population 2.84 1.46 5.51 0.002
density

N observation = 200
Log likelihood= -314.09

DISCUSSION

The findings of this study indicate that
community knowledge, dog population
density, stray dog bites, age, and sex are
statistically significant risk factors ciated
with rabies incidence. These results are
consistent with the Theory of Planned
Behavior proposed by Ajzen (1991), which
underpins this study and posits that disease
prevention behaviors are influenced by
attitudes, subjective norms, and perceived
behavioral control. Adequate knowledge
enhances individuals’ ability to recognize
risks, adopt preventive actions, and reduce
the likelihood of rabies exposure. Conver-
sely, low levels of knowledge may increase
risk due to limited awareness of preventive
measures, such as vaccinating domestic dogs
and avoiding contact with stray dogs.

High dog population density was
found to increase the risk of rabies, in line
with the findings of Kayali et al. (2023), who
reported that areas with high dog density
were significantly associated with increased
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rabies incidence (OR= 2.98; 95% CI= 1.90—
4.70; p= 0.002). Dense dog populations
complicate effective monitoring and control,
increase interactions between dogs and
humans and consequently elevate the like-
lihood of rabies virus transmission. Stray
dog bites were also identified as a significant
risk factor, supporting previous research by
Tenzin et al. (2021), which demonstrated
that bites from stray dogs increased the risk
of rabies by 3.12 times compared with bites
from non-stray dogs. This finding under-
scores the importance of strengthening stray
dog vaccination programs and population
control measures.

This study further revealed that
individuals living in areas with high dog
population density had a 2.84-fold higher
risk of experiencing dog bites compared with
those residing in areas with low dog density.
This finding aligns with the study by which
reported that increased dog density raised
the risk of stray dog bites by up to 5.32
times. The elevated risk is likely attributable
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to a higher number of unvaccinated and
uncontrolled dogs, which increases oppor-
tunities for human—dog interaction and
rabies transmission. In addition, individuals
owning unvaccinated dogs were found to
have a 6.96-fold higher risk of experiencing
stray dog bites compared with those owning
vaccinated dogs. This risk is further exacer-
bated by the common practice of allowing
dogs to roam freely without supervision,
thereby increasing the frequency of contact.

Education was identified as a signi-
ficant determinant of community knowledge
regarding rabies, consistent with previous
findings by Sarjana et al. (2018), who
reported a strong association between edu-
cational level and knowledge (OR= 4.24).
Higher education levels may enhance indi-
viduals’ capacity to access and utilize health
facilities and information sources, leading to
improved knowledge and preventive
behaviors.

Regarding age, the results suggest that
increasing age is associated with a reduced
risk of rabies, which may be explained by
greater experience and higher levels of
caution among adults compared with chil-
dren and adolescents. Female sex was iden-
tified as a protective factor, indicating poten-
tial differences in behavior, patterns of
interaction with animals, and levels of vigi-
lance between men and women. In contrast,
history of contact, dog vaccination status,
and educational level were not significantly
associated with rabies in the simple logistic
regression analysis. This lack of association
may be attributed to an even distribution of
these variables between case and control
groups, as well as the presence of unmea-
sured confounding factors.

The strengths of this study include its
focus on rabies cases in South Timor Tengah
Regency, an area where such research has
been limited, and the examination of eight
risk factors influencing rabies incidence.
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However, several limitations should be
noted. The case—control design does not
allow for direct estimation of disease inci-
dence, as the study began with individuals
who had already developed the disease. The
analysis was limited to eight variables, and
the study population focused primarily on
community members and the animal
reservoir (dogs). Data collection relied on
structured questionnaires and interviews,
which may be subject to recall bias inherent
in case—control studies.

In conclusion, this study demonstrates
that high dog population density and stray
dog bites are key factors that increase the
risk of rabies, while higher community
knowledge, female sex, and age >35 years
serve as protective factors. These findings
emphasize that community knowledge, dog
population density, and stray dog bites are
the primary determinants of rabies cases.
Rabies control efforts should therefore pri-
oritize improving community knowledge
through health education, strengthening
stray dog population control, increasing
vaccination coverage, formulating suppor-
tive public health policies at the local gover-
nment level and promoting multisectoral
collaboration in their mentation.
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