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A B S T R A C T

Dog bites are a major cause for transmission of rabies virus to humans. Pakistan ranks fifth among most rabies
affected countries in the world. There are a few regional (ecological) studies that investigated factors that explain
geographic disparities in incidence of dog bite injuries. The main objective of this research was to document
findings of spatial exploratory data analysis of incidence of reported cases of dog bite in Punjab province of
Pakistan (2016–2019). In addition, we have quantified the association between incidence of dog bites and a set of
selected socio-economic and demographic variables. District-wise data about reported cases of dog bites from
2016 to 2019 were used to map annual crude incidence per 100,000 of population. There was an obvious spatial
variation in incidence of dog bites but there was no evidence of spatial autocorrelation. The risk of dog bite
attacks was relatively higher in districts with low human population density (per sq. km), poor literacy rate, more
rural population (% of total population), and lower median nighttime lights.
1. Introduction

Dog bite injuries represent a neglected public health problem that has
increased over time in many countries of the world. The consequences of
a dog bite injury may be trauma, transmission of zoonotic diseases,
infection at wound site and even death due to rabies. In addition, such
injuries have a negative economic impact on affected individuals and
health services. In developing countries, most bites are caused by stray
dogs [1]. It is estimated that each year, over 10 million people get
post-exposure prophylaxis of rabies which indicates the gravity of the
problem [2,3]. The situation is even more alarming in developing
countries where morbidity and mortality due to dog mediated rabies
remains higher and unabated. Pakistan ranks fifth among most rabies
affected countries in the world with 2000–5000 deaths each year [4].
Various hospitals in the country have reported 25 to 30 cases of dog bites
per day [5]. Globally, different approaches such as culling, sheltering,
fertility control, combination of fertility control and sheltering have been
implemented to manage population [6]. Recently, the country has
introduced a capture neuter-vaccinate-and-release program in Punjab
province to control stray dog population and reduce transmission of
rabies. With limited resources, it is important to prioritize districts for
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this program and support other programs to control dog population and
eliminate rabies [7].

Earlier studies about dog bites in Pakistan are limited by spatial scale
i.e., restricted to a few districts or mega cities [8]. Moreover, the
routinely collected data by the health department has not been investi-
gated to map disparity in distribution of incidence of dog bites. Also,
there is a little empirical evidence about determinants of dog bites at
district level which is the usual scale for planning control programs. It
remains unclear which district level socio-economic, demographic and
importantly remote sensing variables are associated with incidence of
dog bites. Mapping the distribution and risk of dog bites is important to
prioritize districts for dog population management, rabies control pro-
grams/interventions as well for further research on this issue. The ob-
jective(s) of this research were to map the incidence of dog bites and
explore its association with selected socio-economic and demographic
variables.

2. Materials and methods

Data about reported cases of dog bites from 2016 to 2019 was ac-
quired from the Directorate of General Health Service, Punjab. The data
i Jiao Tong University. This is an open access article under the CC BY-NC-ND
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were collected by the Directorate through the District Health Manage-
ment System using DHIS2 software. The data were aggregated to calcu-
late the count of reported cases for each district. The data were joined to a
shapefile of districts that was downloaded from https://data.world.
Crude incidence per 100,000 population and standardized incidence
ratio were calculated for each district using the EpiR package in R soft-
ware. For incidence calculation, data about population census carried out
in 2017 was used as the denominator (https://www.pbs.gov.pk). The
variable crude incidence was subjected to spatial exploratory analysis.
The R package called “spdep” was used to detect spatial autocorrelation
using Global Moran's Istatistic. For spatial autocorrelation analysis,
weight matrix was based on first-order rook's contiguity. There was no
spatial autocorrelation in incidence. The distribution of incidence was
right (positive skewed); therefore log transformation was applied.

For our analyses, we considered following district level independent
variables: i) human population density (persons per sq. km), ii) percent of
rural population, iii) median nighttime light (radiance in nW/cm2/sr) as
proxy of socio-economic activity, iv) multidimensional poverty index
(transformed to 100 point scale), and iv) percent of illiterate population.
The data about human population density, percent of rural population,
and percent of population were collected from https://www.citypopu
lation.de. The website provides these data according to the latest na-
tional census carried out in 2017. The multidimensional poverty index
values were obtained from https://peri.punjab.gov.pk/. Monthly images
of nighttime data called visible infrared imaging radiometer suite (VIIRS)
Day/Night Band (DNB) were retrieved through Google Earth Engine
(period: January 2016 to December 2019). A composite image from the
image collection was created. The “reduceRegions” function of the goo-
gle earth engine was used to calculate median night light. The spearman's
correlation between pairs of dependent and independent variables was
plotted. Moreover, the simple linear regression analysis was carried out
Fig. 1. Annual incidence of dog bites per 100,000 of p
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to assess association between dependent variable and each independent
variable. For multiple linear regression analysis, we ran three separate
models to ensure that independent variables with absolute value of
correlation coefficient above 0.5 don't appear in the same model. We
called those regression equations as model 1, model 2 and model 3. The
independent variables included in each model are shown in the results
section. The cutoff for absolute value of correlation was decided based on
evidence of weak association in univariate analysis and review of liter-
ature [9].

3. Results

Overall incidence in the province remained 896 cases per 100,000.
From 2016 to 2019, a total of 993,240 cases were reported across Punjab.
Relative frequency of cases was highest (n ¼ 68,791) in Bahawalpur
district and lowest (n ¼ 11,317) for Hafizabad district. Fig. 1 shows a
map of Punjab and distribution of annual crude incidence per 100,000
populations. The median district level crude incidence ratio was 935 with
interquartile range (IQR): 573 per 100,000. Median standardised inci-
dence ratio was 1.04 with IQR: 0.64. About half of the districts (17/36)
had standardised incidence values greater than one that reported cases
were more than expected cases. The distribution crude incidence was not
normally distributed (skewness: 1.27 and kurtosis: 4.5). The highest
incidence was found in the following six districts: Bhakkar, Mianwali,
Bahawalpur, Rajanpur, Vehari, and Kasur. There was no significant
spatial autocorrelation (i.e. clustering) in incidence values (Global Mor-
an's I: 0.07, p value 0.15). Among 99 permutated values of I, no value was
greater than calculated value. In simple words, the incidence was
randomly distributed across Punjab.

Fig. 2 shows pair-wise spearman's correlation coefficient (r) and co-
efficient determination (r2) between study variables. The incidence was
opulation at risk in Punjab, Pakistan (2016–2019).

https://data.world
https://www.pbs.gov.pk
https://www.citypopulation.de
https://www.citypopulation.de
https://peri.punjab.gov.pk/


Fig. 2. Pair-wise spearman's correlation coefficient (r) and coefficient determination (r2) between study variables. Abbreviations: CI: annual incidence of dog bites
per 100,000 population at risk (log transformed), PD: Human population density (per sq. km), RP: Rural population (% of total population), NTL: median night time
light as proxy of socio-economic activity, MPI: Multidimensional poverty index (values converted on 100 point scale), LIT: Percent of illiterate population.
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significantly and positively correlated with percent of rural population
(r2 ¼ 0.40), multidimensional poverty index (r2 ¼ 0.31) and percent of
illiterate population (r2 ¼ 0.29). The incidence was significantly and
negatively correlated with human population density (r2 ¼ 0.42), and
median nighttime lights (r2 ¼ 0.32). Human population density was
strongly correlated with percent of rural population (r2 ¼ 0.72) and
median nighttime lights (r2 ¼ 0.53). Percent of the rural population was
also found to have strong correlation with median nighttime light
(r2 ¼ 0.5) and moderate correlation with multidimensional poverty
(r2 ¼ 0.36). A strong correlation was evident between multidimensional
poverty index and percent of literate population (r2 ¼ 0.71). Multiple
regression analysis was performed with combinations of independent
variables with absolute value of correlation coefficient below 0.5.

Table 1 shows the summary of univariate linear regression. All five
independent variables were found to have significant association with
the dependent variable. In other words, each independent variable
significantly predicted the dependent variable. The intercept and beta
coefficient for each variable can be written as a fitted regression model/
equation from the values provided in the table. For instance, in case of
the first dependent variable i.e., PD, fitted regression model will be:
Annual incidence of dog bites per 100,000
populations ¼ 7.0954 þ �0.0004 *(human population density (per
square kilometer). For this variable, the overall regression was statisti-
cally significant (R2 ¼ 0.427, F (1, 18) ¼ 44.99, p < -0.00). The
Table 1
Output of simple linear (univariate) regression analysis.

PD RP

Predictors Estimates Estimates
Intercept 7.0954 *** 5.2872 ***
PD �0.0004 ***
RP 0.0214 ***
NTL
MPI
LIT
Observations 36 36
R2/R2 adjusted 0.427/0.410 0.397/0.379
AIC 44.988 46.827

*p < 0.05 **p < 0.01 ***p < 0.001.
Note: Dependent variable: Annual incidence of dog bites per 100,000 of population at ri
population density (per sq. km), RP: Rural population (% of total population), NTL: media
index (values converted on 100 point scale), LIT: Percent of illiterate population.
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association of the remaining four independent variables may be inter-
preted in a similar pattern.

Table 2 shows the summary of multiple linear regression models.
Model 1, 2, and 3, had different combinations of independent variables.
Those combinations were decided to exclude correlated variables (i.e.
variables with absolute value of correlation above 0.5) in the same
model. The model 1 has three independent variables abbreviated as PD,
MPI and LIT, out of which only PD was significantly and negatively
associated with dependent variable. The fitted regression equation for
model for model 2 could be written as: Annual incidence of dog bites per
100,000 populations ¼ 6.3134 þ 5.0839* (percent of illiterate
population) þ 5.0544 *(percent of rural population. The overall model 2
was statistically significant (R2 ¼ 0.73, F (2, 17) ¼ 23.46, p ¼ < 0.000).
Themodel 1 andmodel 2 can be interpreted in a similar pattern. Based on
adjusted R2 value and AIC, model 1 performed better but there was not
much different from model 2 and model 3. For all the models, F- statistic
was significant which means each model was better fit compared to the
null model (p � 0.05).

4. Discussion

In this study, we havemapped spatial distribution of annual incidence
of dog bites per 100,000 of population in various districts of Punjab. In
addition, we have quantified the association between incidence of dog
NTL MPI LIT

Estimates Estimates Estimates
7.3064 *** 3.4277 *** 5.8101 ***

�0.5670 ***
0.0386 ***

0.0263 ***
36 36 36
0.328/0.309 0.318/0.298 0.288/0.267
50.697 51.238 52.794

sk (log transformed), Independent variables and their abbreviations: PD: Human
n night time light as proxy of socio-economic activity, MPI: Multidimensional poverty



Table 2
Output of multiple linear regression models.

Model 1 Model 2 Model 3

Predictors Estimates Estimates Estimates
(Intercept) 6.3134 *** 5.0839 *** 5.0544 ***
PD �0.0003 ***
MPI 0.0013 0.0224
LIT 0.0160 0.0146 * 0.0033
RP 0.0164 **
NTL �0.3832 *
Observations 36 36 36
R2/R2 adjusted 0.526/0.481 0.464/0.432 0.442/0.390
AIC 42.152 44.569 47.992

*p < 0.05 **p < 0.01 ***p < 0.001.
Note: Dependent variable: Annual incidence of dog bites per 100,000 of population
at risk (log transformed), Independent variables and their abbreviations: PD:
Human population density (per sq. km), RP: Rural population (% of total population),
NTL: median night time light as proxy of socio-economic activity, MPI: Multidimen-
sional poverty index (values converted on 100 point scale), LIT: Percent of illiterate
population. Each model contains independent variables with absolute value of corre-
lation coefficient below 0.5.
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bites and five selected socio-economic and demographic factors (i.e.
human population density, percent of rural population, median light time
lights, multidimensional poverty, and percent of illiterate population).
To avoid multicollinearity, we used three models each with different sets
of independent variables. In brief, the risk of dog bite attacks was rela-
tively higher in districts with low human population density (model 1),
poor literacy rate, more rural population (% of total population) (model
2) and lower median nighttime lights as a proxy of economic activity
(model 3).

This study revealed significant differences in incidence of dog bites
among districts. This could be attributed to demographic, sanitary and
environmental factors affecting human–dog interaction leading to dog
bite injuries. In a study [10] researchers described factors associated with
dogs, victims of dog bite, and context in which dog bites occur. Dog bites
are more frequent in children and males. Unneutered male dogs in packs
are more likely to bite. Aggression in dogs is also another complex
reason. Equally important is the context of dog bite attacks. The distri-
bution of these factors may vary among districts leading to apparent
differences in district wise incidence.

The effect of human population density on risk of dog bites has
been reported in several studies [11,12]. We have found a negative
association between incidence of dog bites and human population
density. This finding is in agreement with [13] that also reported in-
verse relation between those two variables. Districts with low popu-
lation density have sparse/dispersed populations as in rural areas
where likelihood of dog bite is higher. It is also evident in correlation
matrix.

Another interesting outcome of our analysis is association of dog
bites with night time lights. The R2 value of nighttime was higher
compared to the multidimensional poverty index. Several area-level
studies have documented the association between the incidence of
dog bites and socio-economic status [10,14–17]. Those studies used
socio-economic indicators collected through surveys. However, for
many parts of the world, reliable estimates of socio-economic variables
are not available and/or outdated. As an alternate, a remote sensing
dataset called nighttime lights has been used as a proxy for a wide range
of parameters including urbanization, human settlements, poverty,
population growth and socio-economic activity [18]. These factors are
also likely to influence the risk of dog bite injuries. The mean of
nighttime lights in an area is indicative of its socio-economic develop-
ment [19]. Nighttime lights due to better spatial and temporal resolu-
tion may be an alternate source of anthropogenic activities in situations
where official figures are inconsistent, unreliable and/not up to date
[20]. With nighttime light images, it is possible to aggregate pixel
4

values according to the scale of analysis which is district/county in our
study. Nighttime light data have already been used as covariate in
modeling bat borne rabies [21]. It also has been applied to model health
phenomena [22].

The multidimensional poverty index was significant in univariate
analysis but became not significant in multiple regression analysis. One
reason for this could be its correlation with other two predictors variables
i.e., night time lights and illiteracy. The possible explanation for the
higher incidence in socio-economically and multidimensionally poorer
districts could be the following: i) poor waste management [5,8,23], ii)
abundance of free roaming dogs, especially unneutered, large male dogs
in packs [10,24,25], iii) more exposure that is a context for injury e.g.
distance from schools [1,26], iv) factors promoting aggression in dogs
[27], v) less awareness, vi) culture of keeping dogs for security of home
as well as livestock, vii) inadequate management of rural dog population,
viii) slum areas [28], age-sex distribution of population ix) population
displacement e.g. due to floods [29].

This study has several limitations. One major limitation is use of
passively reported data. Such data are often incomplete. It may not include
cases managed at tertiary level health facilities, private clinics/hospitals,
patients who did not get post exposure prophylactic treatment, patients far
flung areas or consulted alternative medicine practitioners. Disease/injury
notification data has already been used for similar analysis with the
assumption that reported cases provide crude approximation of incidence.
Bias due to poor quality and incompleteness of data used in our study is
unknown and cannot be excluded. Another limitation of this study is the
spatial scale of analyses. Although data has been analysed at district level
which is usual resolution in many spatial epidemiological studies, how-
ever such approach may not detect spatial clustering and may underesti-
mate association/differences at sub district level. As it was an ecological
study, therefore patient level factors (e.g., age, gender etc.) were not
considered to avoid ecological fallacy. Moreover, it was not feasible to
retrieve demographic details of the cases. Due to non-availability of de-
mographic data, the incidence could not be standardized by age and
gender. The origin/district of the patients are unknown, however due to
long distances between districts, the patients are assumed to prefer the
home district for post-exposure prophylaxis. Spill over due to cross district
movement is expected but with low likelihood.We could not include other
socio-economic and demographic variables because data about those were
not publically available. Those variables were district-wise: i) GDP, ii) dog
bite cases reported in livestock, iii) dog population density, iv) human
population stratified by age groups, v) human population stratified by
gender and, v) municipal wastes production. The covariates derived from
remote sensing that we could not consider were: i) poverty, ii) slum areas,
iii) flood inundated areas, iv) travel time to schools, v) human settlements,
vi) road density and vii) land use and land cover.

We conclude that incidence of dog bites is relatively higher in most
districts of the Punjab because observed incidence was greater than
expected incidence in seventeen out of thirty six districts considered.
The problem of dog bites is endemic across the province as no hotspot
was detected keeping the district as a unit for spatial analysis. How-
ever, it may be interesting to do either spatial or spatiotemporal
analysis with sub-district level data (sub-districts locally called “teh-
sils”). The predictor variables considered in this study were found to
have weak but still significant association. The fitness of the model
should be improved by strengthening case reporting and exploring
additional covariates.
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