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Abstract
Rabies is a viral zoonosis affecting mammal species and causes large economic losses. In-

cluded among the neglected diseases, it is still insufficiently addressed by governments

and the international community, despite formal surveillance and control programs. This

study used a dataset of 10,112 rabies diagnoses in animals provided by the Brazilian pas-

sive surveillance system from 2001 to 2012. The positivity rate of the tested samples was

26.4%, and a reduction in the total samples sent during the last six years was observed.

The kernel density map indicated case concentration in the south region and a decrease in

density of rabies cases in the second period studied (2007 to 2012). The directional trend of

positive rabies diagnoses remained in the south region, as shown by the standard devia-

tional ellipse. The spatial scan statistic identified three large clusters of positive diagnoses,

one in the first period (2001-2006) and two in the second period (2007-2012), indicating an

expansion of risk areas. The decrease in rabies cases from 2006 to 2012 does not neces-

sarily reflect lower viral circulation or improvement in actions by epidemiological surveil-

lance; this decrease could indicate a deficiency in epidemiological surveillance during the

observation period due to the increase in the silent areas. Surveillance should maintain an

increasing or constant number of tests during the years in addition to a reduction in the num-

ber of outbreaks of rabies, which would indicate a lower positivity rate. The findings in this

study indicate deterioration in the effectiveness of the passive surveillance for rabies. The

number of rabies cases, total number of tests performed and positivity rate are good indica-

tors for evaluating passive surveillance. This paper can function as a guide for the assess-

ment and improvement of the actions in passive surveillance of rabies.

Author Summary

The approach proposed in this study can provide a valuable contribution to strengthen the
efforts to reduce rabies incidence, a relevant public health problem worldwide. In Brazil
during the period from 2001–2012, 129 human cases of rabies were notified, with 128
deaths. It is imperative to decrease rabies virus circulation both in domestic and wildlife
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species, which has been reinforced by many studies demonstrating that rabies incidence is
often much higher than the official reports. This study used a dataset of 10,112 rabies diag-
noses in animals provided by the Brazilian passive surveillance and applied spatial analysis
in addition to many indicators to highlight high positivity rate areas and accurately identi-
fy silent areas and regions where underreporting occurs. This type of approach is vital to
establish priorities for epidemiologic surveillance strategically and to precisely focus ac-
tions in the required regions. These spatial analysis techniques combined with other
sources of information can also be used to evaluate the effectiveness of passive surveillance
for rabies and improve the strategies already adopted by government programs to control
and prevent the disease. We consider our results an important achievement in envisioning
effectiveness in the process to eliminate rabies worldwide.

Introduction
Rabies is a viral zoonosis due to a Lyssavirus infection associated with neurological expression
due to encephalitis or meningoencephalitis. It is one of the oldest known infectious diseases in
the world but remains a neglected zoonotic disease, insufficiently addressed by governments
and the international community [1], [2].

Most countries in the Americas have been declared free of human cases of dog-transmitted
rabies, there is now only notification of human rabies transmitted by dogs in Bolivia, Peru,
Honduras, Haiti, Dominican Republic, Guatemala and some states in northern and northeast-
ern Brazil [3].

The urban human rabies, transmitted by dogs and cats, has decreased from 73 cases in 1990
to 17 cases in 2003 in Brazil [4]. Currently, vampire bat-transmitted rabies is a major public
health problem in the subtropical and tropical areas in the Americas, fromMexico to Argen-
tina [5]. However, in terms of rabies cases transmitted by all species in the period from 2001–
2012, 129 human rabies cases were notified [6]. Particularly, cases in which humans were bitten
by bats have increased in Brazil [7].

The urban cycle, particularly including domestic dogs, has been controlled [2]. However,
sylvatic cycles are expanding with an increasing number of diagnoses in species such as a fox
Cerdocyon thous and a common marmoset Callythrix jacchus [8] in Brazil, but vampire bats
also play a main role in rabies transmission [9]. Consequently, the occurrence of rabies virus in
vampire bats is reflected by the cattle rabies incidence [10] [11].

There are three vampire bat species, Desmodus rotundus, Diphylla ecaudata and Diaemus
youngii. Two species feed only on blood of wild birds, and one species, D. rotundus, feeds on
livestock and could be a transmitter of Lyssavirus causing bovine paralytic rabies, a source of
large economic losses [12], [13].

Outbreaks in livestock transmitted by vampire bats were first observed between 1906 and
1908 in the State of Santa Catarina in Brazil, when approximately 4000 cattle and 1000 horses
and mules died due to paralytic rabies [12]. Since this episode, Brazil has applied measures to
control the bat-transmitted rabies. A total of 9,277 rabies cases were reported in Brazil from
2002 to 2009 (88.0% in cattle, 10.0% in horses and 2.0% in other species) [14]. Currently, the
use of warfarin to reduce the vampire bat population and the livestock vaccination against ra-
bies are regularly conducted [12].

Rabies in Brazil cause large economic losses in the productive sector due to animal deaths
and in the public sector through costs in surveillance and control programs [15], [16]. Brazil
has 211.28 million bovines, the second largest herd in the world, and the country also contains
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other herbivore species. Minas Gerais State has the largest equine population, the second larg-
est cattle population, and the highest milk production [17]; therefore, it can be used as a model
to evaluate rabies surveillance in Brazil.

The Brazilian Program for Rabies Control in herbivores aims to prevent the disease in cattle
by focusing on the control of vampire bats (Desmodus rotundus), strategic vaccination and ac-
tive and passive epidemiological surveillance [18], [12]. However, cases due to bat-transmitted
rabies are largely underreported. The aim of this paper was to understand the spatial and tem-
poral distribution of the rabies cases and to analyze this information to confront the robustness
of these results with the effectiveness of passive surveillance to identify trends in disease behav-
ior and the dynamics of the surveillance.

Materials and Methods

Study area
Minas Gerais is located in the southeastern region of Brazil, has an area of 586,528 Km2, and
includes 853 municipalities, politically grouped in 66 small aggregate regions (SARs) and 12
large aggregate regions (LARs) [19]. SARs and LARs were adopted as basic areas for this study
(Fig. 1) to facilitate the analysis interpretation.

Data
This study was developed using data from the government agency responsible for animal
health in the State (Instituto Mineiro de Agropecuária—IMA), which covers diagnoses from
animals suspected of rabies between 2001 and 2012. The samples originated from all regions of
the State and were sent voluntarily by farmers or by both private and public veterinarians. The
variables in the database were animal species, year, month, location (municipality) and the ra-
bies test results.

The results were geo-referenced using ArcGIS 9.3 [20], digital map files from the Brazilian
Institute of Geography and Statistics (IBGE) with the political administrative borders of the
large aggregate regions (LARs), small aggregate regions (SARs) and municipalities [19].

The rabies surveillance database in the GIS platform was used to map the distribution of the
disease and also applied other spatial and temporal analysis. To identify trends in the disease
behavior and the dynamics of the surveillance, tables and graphs were used to describe these
patterns. The study was divided into two sub periods to highlight patterns; the first study peri-
od was from 2001 to 2006, and the second was from 2007 to 2012.

Diagnoses
The samples sent to the government animal health laboratory were subjected to the direct
immunofluorescence technique and to the biological proof (inoculation in mice or cells). Dif-
ferential diagnoses were performed by histopathology and immunohistochemistry based on
the guidelines of a specific manual with techniques for herbivore rabies control [18].

Spatial and temporal analysis
A standard deviational ellipse, using 1 standard deviation, was calculated to find any direction-
al trend among positive results in the municipalities considering all species. The Kernel density
estimation (search radius = 100 Km) used to assess the intensity of positive results on the sur-
face (km2), which allowed us to identify the areas of higher concentration of cases along the
smoothed surface that was generated, using ArcGIS version 9.3.1 [20].
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The space-time scan statistical analysis (Poisson model) to identify spatial clusters was ap-
plied only on herbivorous species in which it was possible to know its animal population (bo-
vine, equine, ovine and caprine), the analysis was performed using SatScan version 9.2 [21],
and the parameters were high rates, months as the time variable and the maximum spatial clus-
ter size with upper limit 50% of the population at risk.

Analysis of epidemiological surveillance
The studies on epidemiological surveillance of rabies involve three epidemiologic indicators:
number of rabies outbreaks, the total number of tests performed and the relationship between
positive tests and total tests (the positivity rate) using data from all species [22]. These indica-
tors were selected due to the passive nature of the rabies data used to analyze surveillance in
Minas Gerais State.

The relationship between positive results and the total tests performed was used to measure
the reporting level of the rabies surveillance. Values equal or close to 1 express less surveillance

Fig 1. Minas Gerais State, regional geopolitical divisions and location in Brazil.

doi:10.1371/journal.pntd.0003591.g001
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actions, and values equal or close to 0 indicate an increase in surveillance activities [22]. This
ratio was calculated for each municipality and for each month in the respective years, and the
result was consolidated on a graph and represented on maps.

A projected epidemiological scenario was estimated based on the analysis of the best level
of surveillance in the period studied; from 2001 to 2005, rabies surveillance achieved the recom-
mended positivity rate without compromising the total number of tests performed. Therefore,
the average positivity rate from 2001 to 2005 was used in the subsequent years in conjunction
with the true total positive samples sent each year, resulting in the expected total of tests that
should have been performed to ensure adequate surveillance in the projected scenario.

Results

Descriptive analysis
The passive surveillance system for rabies in Minas Gerais performed 10,112 rabies diagnoses
between 2001 and 2012 (Table 1). Among the total results, 2,670 were positive, corresponding
to 26.4% (25.5% to 27.2%, confidence interval of 95%), and 7,442 were negative. In addition to
herbivore species, which are important in Brazilian livestock production, additional species
such as swine, canine, feline, bats and other wild animals were also included in the analysis (ex-
cluding only the analysis using the Poisson Model). The percentages of positive animals for
each species were the following: bats (2.42%), bovine (40.6%), equine (28.6%), caprine (23.8),
ovine (12.0%), swine (7.3%), canine (3.4%), feline (0.8%), and others (7.9%).

Spatial distribution
Among the 853 municipalities in Minas Gerais, 361 (42.3%) did not have any rabies diagnoses
in the 12 years of study, 212 (24.8%) of which have not sent samples for diagnoses; these mu-
nicipalities were classified as silent areas for rabies (Table 2). Between 2001 and 2006, 384 mu-
nicipalities (45.0%) diagnosed positive cases; 297 (34.8%) did not send samples, and of the
7,203 samples sent in the period, 1,759 (24.4%) were diagnosed as positive. From 2007 to 2012,
317 municipalities (37.2%) were positive and 359 (42.0%) did not send samples. Of the 2,909
samples in the second period, 911 (31.3%) were diagnosed as positive. Among the

Table 1. Diagnoses of rabies for each species affected, according to data provided by the animal rabies passive surveillance data in Minas
Gerais, Brazil, from 2001 to 2012.

2001 to 2006 2007 to 2012

Species Samples Number of municipalities Samples Number of municipalities Total samples

+ - Subtotal + - Subtotal

Bat 40 1,689 1,729 104 13 448 461 50 2,190

Bovine 1,531 2,284 3,815 523 799 1,131 1,930 456 5,745

Equine 145 321 466 184 87 259 346 164 812

Caprine 4 13 17 9 1 3 4 4 21

Ovine 3 24 27 19 3 20 23 17 50

Swine 2 20 22 16 1 18 19 16 41

Canine 31 965 996 137 6 94 100 46 1,096

Feline 0 104 104 30 1 14 15 12 119

Other 3 24 27 13 0 11 11 5 38

Total 1,759 5,444 7,203 556 911 1,998 2,909 494 10,112

doi:10.1371/journal.pntd.0003591.t001
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municipalities diagnosed as positive in the first period, 80 (20.8%) did not send samples in the
second period of the study and were classified as silent areas.

The standard deviational ellipse indicated a tendency in the south of the State, in the direc-
tion west-east (Fig. 2). As observed in the period from 2001 to 2006, the distribution was more
concentrated in western Minas Gerais, mostly in the Triângulo Mineiro/Alto Paranaíba region
(11). However, between 2007 and 2012, the distribution was more concentrated in the east.

Table 2. Number of municipalities testing animal samples and total number of sent samples in Minas Gerais, Brazil, from 2001 to 2012.

Periods Municipality with sample sent in the period? Samples

Yes No % of positives

Total (+) Total % Total

2001 to 2006 556 (384) 297 34.8 7,203 24.4

2007 to 2012 494 (317) 359 42.0 2,909 31.3

2001 to 2012 641 (492) 212 24.8 10,112 26.4

doi:10.1371/journal.pntd.0003591.t002

Fig 2. Standard deviational ellipse for positive diagnoses of animal rabies in all species in Minas Gerais, Brazil, from 2001 to 2012.

doi:10.1371/journal.pntd.0003591.g002
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All regions reported cases of rabies, and fewer positive results were detected in northern and
eastern Minas Gerais State (Fig. 3A and 3B). Four LARs contained 66% of the municipalities
(140 of 212) that had not sent any samples in the studied period; 48 were located in LAR-2, 30
in LAR-1, 9 in LAR-3 and 53 inside the LAR-7. From 2001 to 2006, 41 SARs included 93 mu-
nicipalities that showed at least six cases (Fig. 3A). From 2007 to 2012, only 22 SARs included
32 municipalities that reported at least six cases (Fig. 3B). The mean of cases reported in the
first period was 1.24 cases/municipality/month, and 61 municipalities reported over 3 cases/
month; in the second period, the mean was 1.13 cases/municipality/month, and 11 municipali-
ties reported over 3 cases/month.

Time tendency
The trend of diagnoses over time is presented in Fig. 4. In the first period of the study, the posi-
tive results remained above 200 per year, with a mean of 293 cases per year. The negative re-
sults increased in the first three years and stabilized until 2005. In 2006 and afterwards, the
negative results decreased considerably, and the mean number of negative results was 907 per
year. In the second period of the study, a different pattern was found in the results; the positive
results were below 200 per year, and the mean was 151 cases per year. The negative result pre-
sented an accentuated decreased tendency, and the mean number of negative diagnostics was
333 tests/year.

Spatial and temporal analysis
The kernel density map (Fig. 5) showed a high concentration of cases in the southern region of
the State during both testing periods. However, the case concentration reduced in the second pe-
riod. The spatial-temporal analysis with Poisson model (Fig. 5) identified a cluster in the south-
ern region in the first period of the study. In the second period, two clusters were identified,
including southern and eastern Minas Gerais. The kernel density map presented a reduction in

Fig 3. Spatial distribution of positive diagnoses of animal rabies in the first (A) and second (B) study periods by municipality in Minas Gerais,
Brazil, from 2001 to 2012.

doi:10.1371/journal.pntd.0003591.g003
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the case concentration of rabies during the second period. However, the spatial scan statistic rec-
ognized an increase in the rabies risk area. The LARs with high concentration of cases and clus-
ter areas in the second period (using the two techniques) were the following: Jequitinhonha (1),
Vale do Mucuri (3), Vale do Rio Doce (7), Metropolitana de Belo Horizonte (10), Zona da Mata
(9), Oeste de Minas (8), Campo das Vertentes (6) and Sul/Sudoeste de Minas (12).

Fig 4. Overall trend of positive, negative and total animal rabies diagnoses performed in Minas Gerais, Brazil, from 2001 to 2012.

doi:10.1371/journal.pntd.0003591.g004

Fig 5. Kernel density map and spatial-temporal clusters of positive diagnoses for herbivore rabies in Minas Gerais, Brazil, from 2001 to 2012.

doi:10.1371/journal.pntd.0003591.g005
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Fig 6. Spatial representation of the positivity rate of animal rabies in Minas Gerais, Brazil, from 2001 to 2012.

doi:10.1371/journal.pntd.0003591.g006

Fig 7. Overall trend of the positivity rates for animal rabies diagnoses in Minas Gerais State, Brazil, from 2001 to 2012.

doi:10.1371/journal.pntd.0003591.g007

Trends in Animal Rabies Surveillance in Minas Gerais, Brazil

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003591 March 16, 2015 9 / 13



Epidemiologic surveillance analysis
The positivity rate of rabies diagnoses is spatially represented for each municipality in Fig. 6. In
the second period of the study (Fig. 6B), areas with high positivity rates (above 0.66) and areas
with no reports of the disease increased compared to the first period (Fig. 6A).

The positivity rate of rabies diagnoses from 2001 to 2012 is also represented in Fig. 7, syn-
thesizing the behavior of the passive surveillance over time. Until 2005, the indicators were fa-
vorable for rabies surveillance. In contrast, from 2006 to the end of the study, there was an
increase in the positivity rate and a reduction in total samples sent. In Fig. 8, the projected sce-
nario was presented to ensure adequate rabies surveillance, considering the epidemiologic indi-
cators from 2001 to 2005, number of rabies outbreaks, the total number of tests performed and
the positivity rate.

Discussion
Comparing both periods in this study (2001 to 2006 and 2007 to 2012), the positive diagnoses
in all species and the total number of samples sent decreased in the second period; bovines,
equines, bats and canines were the animals with the greatest decrease in positive diagnoses
(Table 1). Barbosa et al. [8] indicated this trend regarding only canine and feline rabies surveil-
lance in Minas Gerais from 2000 to 2006. In canines and felines, a reduction of approximately
90% in tested samples could be due to the success of the Urban Rabies Control Program. How-
ever, in this situation, it is important to guarantee that the actions of the passive surveillance
system for urban rabies in the State are appropriate. Menezes et al. [23] reported a decrease in
the total number of tests performed for bovine rabies from 1998 to 2006 in Minas Gerais; this
reduction was considered to be due to improved surveillance, rabies mass vaccination and effi-
ciency of programs to control vampire bat populations. However, the authors also found an in-
crease in municipalities with underreporting problems.

Fig 8. Projected epidemiological scenario of animal rabies in Minas Gerais, Brazil, from 2006 to 2012 estimated from the positivity rate of the first
study period (2001 to 2005).

doi:10.1371/journal.pntd.0003591.g008
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In comparing canine and feline results in the Urban Rabies Control Program, reductions of
73% in bat tests, 50% in bovine tests, 26% in equine tests, 76% in caprine tests and 15% in
ovine tests were not explained by the actions of the Herbivore Rabies Control Program. In the
second period of the study, there was an increase in bovine population. Therefore, we expected
a concomitant rise in rabies surveillance with an increase in number of tests [22], although the
number of tests decreased.

Table 1 reveals the decrease in the number of positive and negative diagnoses comparing the
two periods. The decrease in the number of positive results is observed in the map of spatial dis-
tribution of rabies (Fig. 3) as well; in the second period, many SARs reduced the number of posi-
tive diagnoses with large difference between the north/northeast and other regions of Minas
Gerais, which does not represent absence of the disease. Instead, this difference indicates silent
areas where underreporting probably occurs. However, Silva et al. [15] did not mention the oc-
currence of rabies in some regions of Minas Gerais in the time range considered (1976 to 1997).

Low socioeconomic development, low cattle density and the absence of bat shelters could be
raised as potential explanations for regions with no reports (Fig. 6), but research involving so-
cioeconomic analysis of Minas Gerais LARs shows municipalities with low socioeconomic de-
velopment both in the north and south regions [24]. According to Silva et al. [15], Minas
Gerais has climatic conditions and shelters to maintain bat populations. Regarding cattle densi-
ty, the four LARs located in the north (1, 2, 3 and 5) cover 44.5% of the territory [19] and ac-
count for 33.7% of the cattle population [17], but the LARs accounted for only 7.5% of the total
cases (2,670) identified in the 12 years under study considering all species (bovines accounted
for 87.3% of rabies cases). The introduction of domestic animals, deforestation of the rain for-
est (“Mata Atlântica”) biome and urbanization contributed to the occurrence of rabies across
the country [8], [23].

A reduction in the detected number of rabies cases is desirable if the total number of tests
performed remains stable. Fig. 4 presents the decrease in the total tests performed from 2005 to
the end of the study.

The kernel density map (Fig. 5) verified a decrease in density of rabies cases in the second
period (2007 to 2012), with the directional trend of rabies positive diagnoses remaining in the
south of the State, as shown in the standard deviational ellipse (Fig. 2). The decrease in rabies
cases does not necessarily reflect lower viral circulation or improvement of actions by epidemi-
ological surveillance. Instead, this finding could indicate a deficiency in
epidemiological surveillance.

In Fig. 6B, an overall increase in areas with higher positivity rates is shown compared to
Fig. 6A, suggesting a decrease in the passive surveillance in Minas Gerais. In Fig. 7, it is possible
to see this problem evolving over time, presenting a favorable scenario until 2005 and a deterio-
ration from 2006 to 2012 (Fig. 4). This new scenario is even more complex due to the increase
in municipalities that do not report epidemiological information about rabies, although most
municipalities have viral circulation. The identification of rabid bats or with Lyssavirus in their
saliva and bat shelters depends essentially on active surveillance, although most actions of Bra-
zilian animal rabies surveillance are passive. The lack of infrastructure and resources for col-
lecting and submitting samples is often a greater barrier to rabies surveillance than lack of
diagnosing facilities as considered by Halliday et al.[25].

The projected epidemiological scenario, from 2005 to 2012, was designed according to the
suitable epidemiologic indicators from 2001 to 2005 (Fig. 8) and allowed us to determine the
number of negative tests and the total number of tests that should be performed in accordance
with the number of positives cases found. The expected number of tests was 3,883 negative di-
agnoses and 5,014 total diagnoses, an increase in 31.2% and 24.2%, respectively. Rabies inci-
dence is often much higher than the official reports [26], [27].
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The definition of a projected scenario in terms of surveillance should consider a comprehen-
sive period of time, and the indicators should undergo comparison analysis due to their intrinsic
relationships. Surveillance should maintain an increasing or constant total number of tests over
the years in addition to the reduction in the number of rabies cases, which indicates a lower pos-
itivity rate [22]. An improvement in epidemiological surveillance can be presented with a lower
positivity rate if it is mostly due to the reduction in the number of positive diagnoses.

Conclusions
Rabies in Brazil is a complex situation and needs more research, and various socioeconomic
and environmental factors need to be considered. Nevertheless, the method applied in this
study allowed us to establish priorities for epidemiologic surveillance. The combined use of the
total number of tests performed, number of rabies cases, and the positivity rate are good indica-
tors to evaluate passive rabies surveillance. The approach in this paper using spatial analysis
techniques combined with other sources of information serves as a guide for improving the ac-
tions in passive rabies surveillance. The method can also be used to evaluate the effectiveness of
the actions by passive rabies surveillance and to improve the strategies already adopted by gov-
ernment programs to control and prevent the disease in Brazil and in other countries.

Author Contributions
Conceived and designed the experiments: MEOP CSFO TJOS JPAH. Analyzed the data:
MEOP CSFO ROC RRN. Wrote the paper: MEOP CSFO ROC RRN TJOS JPAH.

References
1. WHO (2013) World Health Organization. Expert Consultation on Rabies: second report. WHO Techni-

cal Report Series 982, Geneva, Switzerland. 139 p.

2. Vos A, Nunan C, Bolles D, Müller T, Fooks AR, et al. (2011) Historical Review. The occurrence of rabies
in pre-Columbian Central America: an historical search. Epidemiol Infect 10:1445–52. doi: 10.1017/
S0950268811001440 PMID: 21798107

3. Vigilato MAN, Clavijo A, Knobl T, Silva HMT, Cosivi O, et al. (2013) Progress towards eliminating ca-
nine rabies: policies and perspectives from Latin America and the Caribbean. Philos Trans R Soc Lond
B Biol Sci 368: 1–8.

4. Ministério da Saúde Surto de raiva humana transmitida por morcegos no município de Portel-Pará,
Março/Abril de 2004.Boletim Eletrônico Epidemiológico (Brasília). 2004; 4:2–5

5. Schneider MC, Romijn PC, UiedaW, Tamayo H, da Silva DF, et al. (2009) Rabies transmitted by vam-
pire bats to humans: an emerging zoonotic disease in Latin America. Rev Panam Salud Publica 25:
260–269. PMID: 19454154

6. BRASIL (2013) Secretaria de Vigilância em Saúde, Ministério da Saúde—SVS/MS. Raiva: casos con-
firmados no Sistema de Notificação de Agravos de Notificação—SINAN. www.saude.gov.br/sinanweb.
Accessed 03 february 2014.

7. Da Rosa ES, Kotait I, Barbosa TF, Carrieri ML, Brandão PE, Pinheiro AS, et al. (2006) Bat-transmitted
human rabies outbreaks, Brazilian Amazon. Emerging infectious diseases 12(8): 1197. PMID:
16965697

8. Barbosa AD, Silva JA, Moreira EC, Meneses JNC, Magalhães DF, et al. (2008) Spatial and temporal
distribution of canine and feline rabies in Minas Gerais, Brazil, from 2000 to 2006. Arq Bras Med Vet
Zootec 60: 837–842.

9. Ito M, Arai YT, Itou T, Sakai T, Ito FH, Takasaki T, et al. (2001) Genetic characterization and geographic
distribution of rabies virus isolates in Brazil: identification of two reservoirs, dogs and vampire bats.Virol-
ogy, 284(2), 214–222. PMID: 11384221

10. Fornes A, Lord RD, Kuns ML, Larghi OP, Fuenzalida E, Lazara L. (1974). Control of bovine rabies
through vampire bat control. J Wildl Dis, 10:310–316. PMID: 4436917

11. Lord RD. (1992). Seasonal reproduction of vampire bats and its relation to seasonality of bovine rabies.
J Wildl Dis, 28:292–294. PMID: 1602584

Trends in Animal Rabies Surveillance in Minas Gerais, Brazil

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003591 March 16, 2015 12 / 13

http://dx.doi.org/10.1017/S0950268811001440
http://dx.doi.org/10.1017/S0950268811001440
http://www.ncbi.nlm.nih.gov/pubmed/21798107
http://www.ncbi.nlm.nih.gov/pubmed/19454154
http://www.saude.gov.br/sinanweb
http://www.ncbi.nlm.nih.gov/pubmed/16965697
http://www.ncbi.nlm.nih.gov/pubmed/11384221
http://www.ncbi.nlm.nih.gov/pubmed/4436917
http://www.ncbi.nlm.nih.gov/pubmed/1602584


12. Mayen F (2003). Haematophagous bats in Brazil, their role in rabies transmission, impact on public
health, livestock industry and alternatives to an indiscriminate reduction of bat population. Journal of
Veterinary Medicine, Series B, 50(10), 469–472. PMID: 14720182

13. Streicker DG, Recuenco S, ValderramaW, Benavides JG, Vargas I, et al. (2012) Ecological and anthro-
pogenic drivers of rabies exposure in vampire bats: implications for transmission and control. Proc R
Soc Lond B Biol Sci 279: 3384–3392.

14. WadaMY, Rocha SM, Maia-Elkhoury ANS. (2011) Rabies situation in Brazil, 2000 to 2009. Epidemiol
Serv Saúde 20: 509–518.

15. Silva JA, Moreira EC, Haddad JPA, Modena CM, Tubaldini MAS. (2001) Space and time distribution of
bovine rabies in Minas Gerais State, Brazil, from 1976 to 1997. Arq Bras Med Vet Zootec 53: 01–11.

16. Dias RA, Nogueira-Filho VS, Goulart CS, Telles ICO, Marques GHF, et al. (2011) Risk model to assess
livestock rabies exposure in the state of São Paulo, Brazil. Rev Panam Salud Publica 30: 370–376.
PMID: 22124696

17. IBGE (Brazilian Institute of Geography and Statistics / Departament of Geosciences) (2012) Produção
da Pecuária Municipal. Ministério do Planejamento, Orçamento e Gestão. 40: 1–71. http://biblioteca.
ibge.gov.br/visualizacao/periodicos/84/ppm_2012_v40_br.pdf. Accessed 20 July 2013.

18. MAPA (Ministério da Agricultura, Pecuária e Abastecimento) (2009) Controle da raiva dos herbívoros:
manual técnico. Secretaria de Defesa Agropecuária. Brasília. 124 p.

19. IBGE/DGC (Brazilian Institute of Geography and Statistics / Departament of Geosciences) (2010) Dire-
toria de Geociências. Base cartográfica contínua, ao milionésimo—BCIM: versão 3.0. Rio de Janeiro.

20. ESRI1 (Environmental Systems Research Institute) (2009) ArcMapTM. ArcGis, version 9.3.1.

21. Kulldorff M. (2013) SaTScanTM—Software for the spatial and space-time scan statistics. Version 9.2.
Harvard Medical School, Boston and Information Management Service, Calverton, Maryland. doi: 10.
1002/sim.6400 PMID: 25534962

22. MAPA (Ministério da Agricultura, Pecuária e Abastecimento) (2013) Análise de Indicadores Epidemio-
lógicos da Raiva dos Herbívoros no Brasil, período 2006/2012. 37 p. http://www.idaf.es.gov.br/
Download/Raiva%20herb%20indicadores%202006%20a%202012-1.pdf. Accessed 09 February
2014.

23. Menezes FL, Silva JA, Moreira EC, Meneses JNC, Magalhães DF, et al. (2008) Space and time distri-
bution of bovine rabies in Minas Gerais, 1998 to 2006. Arq Bras Med Vet Zootec 60: 566–573.

24. Rosado PL, Rossato MV, Lima JE. (2009) Análise do Desenvolvimento Socioeconômico das Microrre-
giões de Minas Gerais. Rev Econ Nord 40: 297–310.

25. Halliday J, Daborn C, Auty H, Mtema Z, Lembo T. (2012) Bringing together emerging and endemic zoo-
noses surveillance: shared challenges and a common solution. Philos Trans R Soc London 367:
2872–2880. doi: 10.1098/rstb.2011.0362 PMID: 22966142

26. Cleaveland S, Fevre EM, Kaare M, Coleman PG. (2002) Estimating human rabies mortality in the Unit-
ed Republic of Tanzania from dog bite injuries. Bull World Health Org Suppl 80: 304–310. PMID:
12075367

27. Ly S, Buchy P, Heng NY, Ong S, Chhor N, et. (2009) Rabies situation in Cambodia. PLoS Negl Trop
Dis 3:e511. doi: 10.1371/journal.pntd.0000511 PMID: 19907631

Trends in Animal Rabies Surveillance in Minas Gerais, Brazil

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003591 March 16, 2015 13 / 13

http://www.ncbi.nlm.nih.gov/pubmed/14720182
http://www.ncbi.nlm.nih.gov/pubmed/22124696
http://biblioteca.ibge.gov.br/visualizacao/periodicos/84/ppm_2012_v40_br.pdf
http://biblioteca.ibge.gov.br/visualizacao/periodicos/84/ppm_2012_v40_br.pdf
http://dx.doi.org/10.1002/sim.6400
http://dx.doi.org/10.1002/sim.6400
http://www.ncbi.nlm.nih.gov/pubmed/25534962
http://www.idaf.es.gov.br/Download/Raiva%20herb%20indicadores%202006%20a%202012-1.pdf
http://www.idaf.es.gov.br/Download/Raiva%20herb%20indicadores%202006%20a%202012-1.pdf
http://dx.doi.org/10.1098/rstb.2011.0362
http://www.ncbi.nlm.nih.gov/pubmed/22966142
http://www.ncbi.nlm.nih.gov/pubmed/12075367
http://dx.doi.org/10.1371/journal.pntd.0000511
http://www.ncbi.nlm.nih.gov/pubmed/19907631

