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Abstract 
Cases of canine attacks on people are reported because of the proximity of the dog to the households in 
several Brazilian cities. In the present study, we aim to evaluate post-exposure anti-rabies treatments with 
canine accidents between the years 2007 to 2011 in Belo Horizonte - MG. Duly notified data were obtained 
from the National System of Notifiable Diseases (SINAN). The spatial characteristics of the cases during the 
period of the study referred to the neighborhoods and the nine sanitary districts of the municipality of Belo 
Horizonte - MG. For georeferencing and spatial analysis, we used the software Maporama to identify the 
coordinates and the Geographic Information System ArcGIS for mapping. Considering the 6.153 prophylactic 
services that were georeferenced, the Norte, Venda Nova, Leste, and Centro Sul regions were highlighted 
due to the higher frequency of registered cases. It is suggested that an integrative action focused on canine 
population control, health education and epidemiological surveillance studies could contribute to the 
reduction of canine aggression cases. 
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1. Introduction 

Human rabies is a viral anthropozoonotic disease that affects the central nervous system (CNS) 
characterized by encephalitis. It is a preventable disease, yet it remains a major cause of human mortality in 
many countries, posing a major challenge for health authorities (Brasil 2011; Frias et al. 2011; Garc 2011). 
Dogs are considered the preferred pets of modern society. Due to the inclusion of the dog in the family 
environment, its importance related to zoonotic and the probability of occurrences of aggressions has been 
thematic in Public Health, not only because of their sequelae but also because of the costs they produce to 
health services (Schneider et al. 1996; Rosado et al. 2007) since it is mandatory to administer human anti-
rabies post-exposure prophylaxis, which is available at public health centers located in the municipalities. 

Data regarding dog bites are mainly obtained from studies from hospitals and health services offered 
by the Unified Health System (SUS). The epidemiological analysis of these data, as well as the identification 
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of geographic areas associated with cases of canine aggression, could help to prevent many fatal attacks by 
using appropriate and effective prophylactic measures (Rosado et al. 2007; Cabral et al. 2018). 

The establishment of the National Rabies Prophylaxis Program (PNPR) in the 1970s and the SUS 
health care decentralization since 1990 contributed to control the rabies virus transmission through regional 
actions, such as the proper treatment and vaccination for human, dogs, and cats (Schneider et al. 1996; 
Carvalho et al. 2002). 

The decentralization of health services allowed the systematic use of information in a decentralized 
way, assisting professionals in health planning, intervention, and promotion (Mendes et al. 2000). In 
addition, decentralization allowed primary care for patients in health centers close to their homes. In the 
most complex cases, patients would be referred to as “second care” in more specialized hospitals or health 
centers. 

According to the Ministry of Health (Brasil 2020), in the period from 2010 to 2020, 38 cases of human 
rabies were registered, and in 2014, there were no cases. Of these cases, nine had the dog as an aggressor 
animal, twenty for bats, four for non-human primates, four for felines, and in one of them it was not possible 
to identify the aggressor animal (Brasil 2020). In the city of Belo Horizonte there have been no cases of rabies 
in domestic animals since 1989 and since 1984 there have been no records in humans, but in bats, there are 
still records of the disease, so dogs and cats should be vaccinated. Between 2007 and 2019, 81.70% of the 
more than 7.5 million notifications of post-exposure human anti-rabies prophylactic care were due to 
assaults involving domestic dogs (Brasil 2020). 

In order to assist the health professionals and the public agents in the decision making, the spatial 
analysis is used to support the choices related to the prevention of diseases and injuries (Carpenter 2011; 
Barbosa et al. 2014). Its application in Health is highlighted at the epidemiological surveillance since the 
spatial analysis of diseases allows: to demonstrate possible vulnerabilities; helping the decision-making 
setting priorities; in the implementation of preventive measures, treatment, and health promotion 
(Rothman 1990; Magalhães et al. 2006). Considering the importance and need to assess the epidemiology 
of post-exposure rabies prophylaxis with canine accidents in Belo Horizonte - MG, the present study aimed 
to characterize this care spatially between the years 2007 to 2011. 
 
2. Material and Methods 

An observational, sectional, and retrospective study was carried out from a database made available 
on the Information System for Notifiable Diseases (SINAN) regarding 6.707 cases of canine aggression that 
have occurred in the municipality of Belo Horizonte in the period from 2007 through 2011. The geographical 
units used for the temporal analysis were its neighborhoods and the nine regional districts. Belo Horizonte 
is the capital of the state of Minas Gerais which population is made up of 2.375.151 inhabitants (IBGE 2012). 
It is composed of nine sanitary districts. According to the local canine census of 2010, this population is made 
up of 279.430 animals (PMBH 2012). 

The spatial analysis was obtained through the addresses coordinates that were identified in the 
SINAN files and it was performed by the internet software Maporama (Maporama 2014), which uses the 
information related to the addresses and/or the locations Postal Codes (CEP). The same was done regarding 
patient care settings. 

At that moment, 156 (2,3%) data were eliminated because they indicated Belo Horizonte as a 
municipality of residence, but their CEP or address corresponded to other municipalities in the Metropolitan 
Region of Belo Horizonte (RMBH). In addition, 87 (1,3%) were not used in the evaluation because they were 
not filled, making it impossible to identify the geographic coordinates. 

Some data needed individual verification on Google Maps because 710 (10,6%) coordinates were not 
identified by Maporama. After the evaluation, those data which have not presented the exact identification 
of the address were centralized in a located landmark within the district, since the objective was the 
identification of the regions and possible clusters despite the cartesian exact latitude and longitude of the 
dog’s victims’ residences. 

In order to identify the health centers’ addresses, a spreadsheet that contained information 
regarding 442 health centers where there is anti-rabies post-exposure prophylactic care in Belo Horizonte 
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and RMBH and which was provided by the Secretary of Health of the State of Minas Gerais (SESMG) was 
used. 

After the tabulation of the data, a total of 134 (31,8%) health centers were excluded from the study 
because the respective codes were not equivalent to those provided by SESMG. The dog aggression cases 
were punctuated in previously georeferenced address maps of Belo Horizonte and distributed according to 
the year of occurrence and to the division of the municipality regional districts. The software ArcGIS® 
(Programa ArcGIS® 2014) was used for the map design. 

168 (2,5%) data were excluded from the mapping because they represented individuals who sought 
care in other cities in the metropolitan region of Belo Horizonte. Only two health centers located in the 
municipality of Contagem were maintained in the evaluation because they were relevant regarding the 
number of cases assisted during this research. These cases were considered originated from Belo Horizonte 
because they occurred in the geopolitical border with Contagem. The service locations were also 
geoprocessed according to their importance regarding the number of prophylactic visits performed in the 
period. 

The canine population was estimated according to the local census regarding human inhabitants 
promoted by IBGE (IBGE 2012), which says that there is 1 dog for every 7-10 inhabitants. Thus, canine density 
maps were created considering “high density” those sites with more than 1000 dogs, “moderate” those 
between 500 and 1000, and “low” those with less than 500 dogs. 

For general verification of the anti-rabies post-exposure care intensity in all regions, maps were made 
using kernel density techniques, which are considered as a statistical method that analyzes the behavior of 
some disease or harm according to dot patterns. This method provides the process intensity throughout the 
region of the study, through functions such as interpolation and smoothing, that associate a numerical value 
to a point based on the distance of each neighbor event (Anderson 2009; Kloog et al. 2009). 
 
3. Results 

Among 6.707 cases of canine aggression that have occurred during the period from 2007 through 
2011 in Belo Horizonte, properly notified by SINAN, 6.153 (91,74%) were georeferenced (Figure 1). It was 
not possible to georeference 554 cases (8,3%) because of addresses incompatibility. Exactly 5.797 post-
exposure treatments were georeferenced and 356 had their location based on a located landmark within 
the respective district of occurrence. 

Figure 1 demonstrates the distribution of canine aggression cases during the five years of this study. 
It was observed that the frequency of cases showed a heterogeneous distribution, with a higher 
concentration in the districts: Venda Nova, Norte, Leste, and Centro-Sul. 

Children were the most affected group by canine aggression and those sought post-exposure 
prophylactic treatment for rabies in the period from 2007 to 2011 in Belo Horizonte. It was observed that 
the cumulative incidence rate was 12,95 cases/10.000 inhabitants between the ages of 5 and 9 years-old 
and that individuals younger than 15 years-old were the most affected. The accident rate of 1:1771 (one 
attacked person per 1771 inhabitants) was also observed, according to data recorded for anti-rabies post-
exposure treatments and reported by SINAN. 
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Figure 1. Spatial distribution of aggression cases related to canine density in  

Belo Horizonte between 2007 to 2011. 
 

Figure 2 shows the spatial distribution of the canine aggression cases reported by SINAN between 
2007 and 2011, according to the canine density in each neighborhood and health centers that performed 
the assistance of the patients. These health centers are well located, which means that they are in the exact 
regions that presented the highest number of injuries and notified data regarding canine aggression. 
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Figure 2. Spatial distribution of the canine aggression and intensity of care in the health center,  

in Belo Horizonte between 2007 to 2011. 
 

There is a slight decrease in the canine aggression cases in the evaluated period (Figure 3). Figure 4 
highlights the four districts that presented the highest concentration of notifications. It is possible to notice 
that the cases showed a higher concentration in the regions where, in the majority, a high canine population 
in slums and villages coexists. The four featured districts went through the decentralization process 
regarding the post-exposure human rabies assistance and carried out the notification of the cases in their 
own health centers. The evolution of the spatial distribution of the human anti-rabies post-exposure care 
after canine aggression along the studied five years was regular, that is, there was no increase or expansion 
of the harm to areas of lower occurrence over time. 
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Figure 3. Total anti-rabies post-exposure care distributed between 2007 to 2011 in  

Belo Horizonte - MG, Brazil. 
 

 
Figure 4. Regional districts with a larger number of aggression cases in relation to the canine population 

with subnormal clusters in Belo Horizonte between 2007 to 2011. 
 
4. Discussion 

The cases of canine aggression are directly related to the animal density in the four most affected 
regions. These results corroborate with several studies that describe dogs as the main aggressor in urban 
areas (Kloog et al. 2009; Reece et al. 2013; Moreira and Lima 2013; Abreu and Crizóstomo 2014; Mota et al. 
2016). The highest occurrences of cases in these regions were due to the difficulty of other districts in 
reporting dog aggression cases, or even due to the redirection of patients to better-prepared health centers 
or hospitals. It is suggested that the number of cases may be underestimated since the data refer to people 
who sought for prophylactic anti-rabies post-exposure care and who were properly notified on SINAN. 
Patients who were not identified by SINAN might influence a less precise measurement of this indicator. 
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Children under 15 years of age were the most affected by canine aggression among the population 
evaluated in the present study. This result is similar to others that observed respectively in the city of Porto 
Alegre (RS) and Jaboticabal (SP) (Frias et al. 2011; Veloso et al. 2011), that children are the most affected by 
canine aggression and those who most seek treatment. 

Studies have shown that the attacks by dogs rate in Belo Horizonte can be considered low when 
compared to other studies conducted in Brazil which demonstrate rates as 1:757 in Osasco (SP), between 
1984 and 1994 (Garcia 1999); 1: 313 in Maringá (PR), in 1997 (Carvalho et al. 2002); 1: 239 in Caucaia (CE) 
and 1: 257 in the State of Ceará, between 2003 and 2005 (Morais et al. 2006); 1: 160 in the municipality of 
Jaboticabal (SP), from 2000 to 2006 (Frias et al. 2011). 

The decentralization process may provide notifications not completely fulfilled since the districts 
where dog aggression cases are lower usually conduct the patients to seek care at central regions and that 
might contribute to the occurrence of inconsistencies regarding the data. This was observed in a study 
carried out in Jaboticabal (SP), in which the authors found the higher intensity of canine aggression in the 
city central regions, according to spatial analysis (Santos et al. 2017). 

The health centers located in the regions with the highest number of assistance and reported cases 
showed an effective targeting of the patients. Sixty-six (21,7%) health centers performed the notification of 
the studied cases, which has repeated over the years. According to the Law 8080/90 (Brasil 1990), the care 
decentralization aims to increase the accessibility and to support the care, which might contribute to those 
actions in certain health centers. 

The four districts that most dully notified canine aggression cases are the ones with high canine 
populations and poorer economical infrastructure – slums and villages (Figure 4). Thus, it can be implied that 
the lack of information about disease control and behavior that lead to pet responsible ownership may 
influence epidemiological studies about canine aggression. 

Some research demonstrates the importance of health education (Chang et al. 1997; Carvalho et al. 
2002; Langoni et al. 2011) mainly regarding rabies prevention. Therefore, the educational work for the 
general population, focusing on prevention and responsible ownership of animals, reduces the disease risks 
and canine aggression, since the dogs are currently the most popular pets (Ma et al. 2020). 
 
5. Conclusions 

It was found that the districts of Venda Nova, Norte, Leste, and Centro Sul were those that presented 
the highest concentration of the canine aggression cases and post-exposure prophylactic care for rabies in 
Belo Horizonte. Furthermore, it was possible to verify by the spatial analysis that the decentralization of the 
post-exposure anti-rabies prophylactic assistance in Belo Horizonte made it possible for the users to access 
the health system, being this a very important policy in the municipality as a whole and might be the reason 
for the improvement and agility regarding the health services. It is mandatory to highlight that accessibility 
and speed of care are important indicators for rabies prevention due to the severity of the disease. 

The highest frequency of notifications related to the cases of dog’s bites in children might be 
explained by the concern of the parents or the guardians regarding rabies (since its high lethality), who tend 
to seek care for post-exposure prophylaxis for the disease in the health centers. 

It was observed that the frequency of the human anti-rabies post-exposure prophylaxis decreased 
during the study period and this fact might be associated with education campaigns and with the incentive 
of the responsible animals’ ownership. Besides, the decrease in street dogs, as a result of the work of retreat 
the city hall or the adoption of dogs, could reflect in the decrease in post-exposure human anti-rabies 
prophylactic treatments. Therefore, it is suggested that an integrative action focused on the control of the 
canine population, health education and epidemiological surveillance studies could contribute to the 
reduction of canine aggression cases. The performance of a permanent training program for health 
professionals for the correct fulfillment of the SINAN notification forms regarding the human anti-rabies 
treatment is also recommended in order to provide quality data for further studies. 
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