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Rabies still becomes a global public health problem, particularly in Southeast Asia region. Indonesia, which is part of the region, has 25 provinces which have not been free
from rabies endemic. One of the provinces that ranked top in the cases of rabies is North
Sulawesi. Therefore, this study aimed to find correlations between factors related to the
prevalence of rabies mortality in North Sulawesi Province in 2015 - 2017. This study used
mixed ecological study design by applying the principle of total sampling to 15 regencies/cities in North Sulawesi. The results of the study found that the correlation between
rabies mortality and the following factors were: negative and weak correlation on antirabies vaccine coverage (r = -0.165), negative and moderate on ratio of health care workers (r = -0.345) and ratio of health care facilities (r = -0.320). Meanwhile, sex ratio had
positive and moderate correlation (r = 0.365) with mortality of rabies. The new findings
of moderate strength correlation due to health care facility and health care workers need
to be included in the prevention of rabies because it can help facilitate wound treatment.
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Introduction
One common but deadly zoonotic
disease is rabies. Rabies or mad dog disease is an
acute infectious disease that attacks the central
nervous system (Kementerian Kesehatan RI,
2017). Rabies is a disease originating from
lyssavirus. The word “lyssavirus” comes from
the Greek word which means to go berserk.
This virus can attack animals such as dog, cat,
ape, and fox, but it can also attacks human.
When the rabies virus enters human body,
the incubation period depends on factors that
influence the development of rabies. These
factors consist of the presence or absence of
bite marks, the location of the bite that is close
to the central nervous system (shoulders, neck,
head), the number of injuries, or the number
of viruses that enter the body, etc (Kementerian


Kesehatan RI, 2016). However, in general, the
incubation period varies from a few days to
several months, up to several years (World
Health Organization, 2013).
Unfortunately, until now there is no
specific treatment anywhere in the world for
rabies, which make classic rabies cases in
human still has almost a 100% case fatality rate
(World Health Organization, 2013). According
to the data from World Health Organization,
nearly 55,000 deaths due to rabies have been
reported worldwide. Rabies in human is still an
important global problem, because of the high
mortality. (Tenzin, et al., 2011).
Children aged 5-15 years represent 40%
of people who are bitten by rabies vectors in
endemic areas, and unfortunately, these events
are not recognized and not reported adequately
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(SEARO World Health Organization, 2012).
Nearly 95 % of human rabies cases occur in
developing countries in Asia and Sub Saharan
Africa (Hampson K, et al., 2015). Therefore,
12 million Asians are estimated to receive PEP
every year. Indonesia has 25 provinces with
high cases of Transmitted Rabies Animal Bites
(TRAB) (Kementerian Kesehatan RI, 2016).
The number of cases is dominated by
3 provinces that contribute to the most of the
TRAB, namely Bali, NTT, and North Sulawesi
(Kementerian Kesehatan RI, 2018). The biggest
contributor of rabies mortality in Indonesia is
always North Sulawesi. In 2013-2017, North
Sulawesi has always been ranked in the top of
25 provinces that have not been free of rabies in
Indonesia (Kementerian Kesehatan RI, 2018).
This is certainly a big question, what are the
factors that influence the occurrence of death
cases due to rabies in North Sulawesi Province.
The researcher wanted to understand the
correlation of several factors which contribute
to the incidence of rabies in North Sulawesi
Province.
Method
This study was an observational study
with time and group comparative ecological
design (mixed study). It took place in North
Sulawesi which consisted of 15 regencies/cities
within a period of three years (2015-2017).
The dependent variable in the study was the
incidence of death due to rabies in North Sulawesi
Province in 2017. Meanwhile, the independent
variables were sex ratio, education, population
density, workforce against working age, number
of health workers, health care facilities, wound

washing coverage, and VAR coverage. The data
were acquired from routine rabies surveillance
from the Ministry of Health and data from the
Central Bureau of Statistics. This study used
total sampling formula, therefore it used all
existing regencies/cities. This indicates that all
samples are included in the study and there are
no excluded data. The data were analyzed using
SPSS version 20. Univariate analysis was used to
describe the cases, then, linear regression was
used to see the strength of the relationship (r)
and statistical relationships that occurred. The
value of p <0.05 was considered significant. This
study used aggregate data, hence, ecological
fallacy is likely to occur. Therefore, this study
will not generalize the event at individual level.
This study has received ethical permission
from Faculty of Public Health, University of
Indonesia with ethical numbers 791 / UN2.F10
/ PPM.00.02 / 2018.
Results and Discussion
Each independent and dependent
variables in this study were tested for its
normality using non-parametric statistics,
namely Kolmogorov Smirnov test. If the
p-value exceeded the normal threshold (p
>0.005) then the variables were categorized
as normal, otherwise they were categorized
as abnormal. Based from the normality test, it
was found that three variables were categorized
as normal (Anti-Rabies Vaccine coverage, sex
ratio, and the ratio of health workers), while the
others were not.
The results of univariate analysis is
described in table 1.
Analysis of the independent variables on

Table 1. Univariate Analysis of Rabies Mortality, Anti Rabies Vaccine, and Demographic
Characteristics
Variable
Min
Max
Mean
SD
95% CI

Rabies Mortality

0,00

Anti-Rabies Vaccine (ARV)
20,1
Coverage
Sex Ratio
97.0
Population Density

0.00
34.6

Health Workers Ratio

,005

Healthcare Facility Ratio

4.95

Education

3.21

0.84

1.02

0.53 – 1.15

102

57.5

22.4

50.7 – 64.2

110
104
3.21
1.46
0.30
0.32
2740.00 526.9960 792.01540
7.98
2.39
2.24
260
45.6
792

103.5 – 105.5
0.20 – 0.40
289.0 – 764.9
1.72 – 3.07
28.1 – 63.2
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Table 2. Correlation and Regression Analysis on Independent Variable with Rabies Mortality
Variables

R2

Line Equation

P value

Anti-Rabies
Vaccine
-0.165
(ARV) Coverage

R

0.027

Rabies Mortality = 2.065 – 0.015*ARV Coverage

0.279

Sex Ratio

0.365

0.133

Rabies Mortality = -11.349 + 0,117*Sex Ratio

0.0141

Education

-0.071

0.005

Rabies Mortality = 1.356 – 0.433*Education

0.642

Population Density

0.046

0.002

Rabies Mortality = 1.285 + 0.00*Population Density

0.765

Health Workers Ratio

-0.345

0.119

Rabies Mortality = 1.490 – 0.206*Health Workers Ratio

0.0201

Healthcare
Ratio

-0.320

0.103

Rabies Mortality = 1.103 -0.006*Healthcare Facility Ratio

0.0322

Facility

p<0.05: two-tailed Pearson’s correlation analysis
p<0.05: two-tailed Spearman’s correlation analysis

1
2

rabies mortality in 15 regencies/cities in North
Sulawesi Province is shown in table 2.
In sex ratio variable (Figure 1), the
negative pattern in the equation indicates that if
there are more people who carry out anti-rabies
vaccines, the rabies mortality will decrease. The
coefficient of determination of 0.133 indicates
that the regression line equation obtained can
explain the 5% variation in the sex ratio or the
line equation obtained can moderately explain
the variable rabies mortality.
In the ratio of health workers variable
(Figure 2), the negative pattern contained in the
equation indicates that if there are more health
workers available, the rabies mortality will be

lower. The determination coefficient value of
0.119 indicates that the regression line equation
obtained can explain 11.9% variation in the
ratio of health personnel or the line equation
obtained can moderately explain the variable
rabies mortality.
In the ratio of health services variable
(Figure 3), the negative pattern contained in the
equation indicates that if there are more available
health care facilities, the rabies mortality will be
lower. The determination coefficient value of
0.103 indicates that the regression line equation
obtained can explain 10.3% variation in the
ratio of health service facilities or line equations
obtained can moderately explain the variable

Figure 1. Scatter plot on Sex Ratio towards Rabies Mortality
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Figure 2. Scatter plot on Health Workers Ratio towards Rabies Mortality

Figure 3. Scatter plot on Healthcare Facility Ratio towards Rabies Mortality
rabies mortality.
This study discusses factors which
influences rabies mortality in North Sulawesi
Province. Because of the limited data, we
are limited in choosing variables that have a
stronger possibility of predicting the incidence
of rabies deaths, such as wound washing.
In this study, it was found that the
anti-rabies vaccine had no correlation with a
decrease in rabies mortality, but the statistically
insignificant results were most likely due to

an inadequate sample and a rare mortality
rate. However, other studies have shown that
there is a strong association with the use of
the anti-rabies vaccine with a decrease in all
causes of death in rabies, both due to the bite
of domesticated dogs and wild dogs in South
Africa over a 4-year period (Knobel, et al.,
2017). The study found strong associations
because it only included cofounding variables
in the form of age and sex, not including the
health status variable and previous vaccine use.
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However, this finding was supported by Conan,
et al. (2015) who showed similar associations
in South Africa after controlling for variables
of age, sex, place of residence, including
confounding variables.
Regarding population density and
education variables, they had different
correlation characteristics but these two
variables did not show a significant relationship.
However, in previous studies related to
population density (Riley, John, & David,
1998), it was revealed that places with high
availability of food resources and shelter would
increase the growth of rabies transmitting
populations. A study held by Childs et al.,
(2010) shown that the biological factors of
human population density and surveillance
activities contribute to determining the size of
the epizootic area, although rabies transmitting
animal populations (especially raccoons)
are the main determining factor. In term of
education, the level of literation is significantly
associated with the knowledge of rabies (Wasay,
et al., 2012). The results of this study support
other studies which explain that a person’s
knowledge of rabies will influence treatmentseeking behavior, including the acceptance of
PEP vaccine (Barbosa Costa, et al., 2018). Also,
having awareness of the dangers of animal
bites transmitting rabies is really important to
make someone immediately seek treatment
(Krishnamoorthy, M, & Sarkar, 2018).
Nevertheless, there were several variables
that have significant relationship with p-value
of <0.05. The first variable was sex ratio. This
finding showed that every male population
increase per 100 female population would
increase rabies deaths. This was in accordance
with previous research carried out in China
which showed that more cases of rabies were
found in men compared to women. This was
most likely associated with higher outdoor
activities in men compared to women.
Therefore, the risk of exposure to rabies
transmitting animals is greater, especially in the
slum area (Wang, et al 2010; Yin, et al, 2012;
Montgomery, et al 2012).
Subsequent significant results were
found in the variables of health personnel
and facilities health services available in
North Sulawesi Province. Health workers
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included in this study were every medical
person except midwife. Every health worker
is required to provide services in accordance
with applicable standards, therefore they could
support an increase in the provision of effective
and safe health efforts. This is in accordance
with a study conducted by Pan American
Health Organization (PAHO) which facilitate
the process of giving anti-rabies vaccines.
Since 2016, PAHO has trained hundreds of
professional health workers working in various
health service facilities. The purpose was to
guarantee that every healthcare personnel
should be trained to be able to increase access
to vaccine delivery and provide socialization to
the public regarding the dangers of rabies (Pan
American Health Organization, 2017)
In regards to health care facilities, we
found that increase in availability of service
facilities, will reduce the incidence of rabies
mortality because it could facilitate the affected
victims to get help (Zaidi, et al, 2013). This
finding is in accordance with a study conducted
in Central Africa in 2017 which found that
the majority of death caused by rabies were
associated with the failure to seek health services
(Knobel DL, et al., 2005; Fooks ER, et al., 2014;
Hampson K, et al., 2015). Unfortunately, not all
health care facilities had anti-rabies vaccines.
They, at least, able to perform one of the PEP
activities, namely washing the wound for 15
minutes with a disinfectant. Then, the affected
victim could be immediately referred to health
care facilities that have rabies center.
It is necessary to emphasize that in this
study, the correlation results, which were not
statistically significant, do not mean that the
result is contradicted to other studies. It could
be caused by inadequate number of samples,
which only came from 15 regencies/cities. This
can be considered as limitation of this study.
In addition, this study cannot use
individual data to see the relationship that
happened, otherwise it could produce a
phenomenon which is called ecological fallacy.
The relationship could only be regarded as an
association, therefore it could not be regarded
as causal relationship.
Conclusions
According to the results of this study
and compared to previous research regarding

KEMAS 15 (1) (2019) 124-130

factors which affect rabies death, we conclude
several answer to the research questions as
follows.
The incidence of rabies in North Sulawesi
Province is fluctuating in 3 years period.
Within 3 years, the average rabies mortality was
0.84 per 100,000 inhabitants. This meant that
there were 0-1 case of rabies death for every
100,000 residents in North Sulawesi. Based on
correlation tests of the factors that influence the
incidence of rabies death in North Sulawesi,
there were 3 variables that had moderate
strength in predicting the incidence of rabies
death, namely sex ratio, ratio of health workers,
and ratio of health service facilities to rabies
deaths.
People who were more vulnerable to
rabies, such as male gender, is also expected
to be made as a target for prevention program
against rabies. In view of the importance of
service facilities and health workers, the local
government should increase the number of
health facilities and personnel by means of
equal allocation according to the needs of the
local regency/city.
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