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Abstract 

Neighborhood dogs may act as reservoirs and disseminators of vector-borne diseases in urban areas. Accordingly, the 

aim of this study was to ascertain the health status and the vector-borne pathogens infecting dogs living in public areas 

with high levels of human movement in the city of Curitiba, southern Brazil. Blood samples from 21 neighborhood 

dogs that were found in nine of 22 bus stations and two public parks were subjected to a complete blood cell (CBC) 

count, serum biochemical profiling, a commercial rapid ELISA test and a commercial real-time PCR panel of vector-
borne diseases. The CBC count and serum biochemical profiling were within the normal range for dogs and only 1/21 

(4.7%) of the dogs was seroreactive for Borrelia burgdorferi sensu stricto. The commercial real-time PCR panel 

showed that 7/21 (33.3%) of the dogs had Mycoplasma haemocanis infection, 9/21 (42.8%) had ‘Candidatus 

Mycoplasma haematoparvum’ and 4/21 (19.0%) had both. No statistical association between infected by the agents 

found here and abnormalities in physical examinations, laboratory tests or ectoparasite presence was found (p > 0.05). 

In conclusion, neighborhood dogs showed low prevalence of vector-borne diseases and satisfactory wellbeing, and 

dogs can be used as sentinels for disease exposure. 

Keywords: Borrelia burgdorferi, Community dogs, Hemoplasmas, Sentinel animals, Tick-borne diseases.  
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Introduction 
Dogs have been indicated as potential public health 

sentinels because of their close interaction with 

humans, particularly their owners, while presenting 

associations with common infectious agents and 

vectors (Backer et al., 2001; Schmidt, 2009; Schurer et 

al., 2012).  

Whereas true sentinels should reveal diseases without 

harboring them, dogs may become reservoirs for 

certain diseases such as visceral leishmaniasis (Dantas-

Torres, 2009).  

Moreover, dogs may act as potential sources of 

dissemination of invertebrate vectors and transmission 
of their zoonoses (Schmidt, 2009).  

Although neighborhood dogs have been defined for 

more than two decades as semi-restricted or free-range 

animals with semi-dependence on one or more families 

for food and shelter (WHO/WSPA, 1990), their health 

status and role in maintaining and spreading zoonotic 

diseases has yet to be fully established.  

In addition, dogs that lack healthcare such as regular 

vaccination, deworming, and ectoparasite control may 

have greater susceptibility to diseases and/or 

environmental bioaccumulation as well as negatively 
impact animal welfare (Salb et al., 2008).  

Owned dogs in southern Brazil have been shown to 
have higher exposure to tick-borne pathogens in urban 

areas than in rural settings (Vieira et al., 2013b).  

Moreover, dogs may serve as a potential source for 

transmission of canine vector-borne diseases (CVBDs) 

with zoonotic risk (Diniz et al., 2007; Otranto et al., 

2009a, 2009b; Vieira et al., 2013a; Eremeeva and 

Dasch, 2015). Within this scenario, neighborhood dogs 

can be expected to be at higher risk of infection because 

of their urban roaming and vector exposure. The city of 

Curitiba, the capital of the state of Paraná, is currently 

the eighth biggest city and the ninth biggest 

metropolitan area in Brazil, with approximately 3.5 
million habitants (IBGE, 2014).  

Although commonly found in low-income 

neighborhoods of urban areas, neighborhood dogs may 

find sufficient food and shelter in bus stations because 

of the infrastructure and high levels of human 

movement. Since the city of Curitiba has no subway, 

1.1 million daily users rely on ground transportation 

interconnected by 22 main bus stations. Accordingly, 

the aim of the present study was to survey CVBDs in 

neighborhood dogs found in public areas with high 

daily levels of human movement (bus stations and 
public parks) in the city of Curitiba, southern Brazil. 
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Materials and Methods 

The present study was approved by the Ethics 

Committee for Animal Experimentation and Animal 

Welfare of the Federal University of Paraná, state of 

Paraná, southern Brazil (protocol number 027/2015). 

Cross-sectional study and sampling 
All 22 bus stations and two public parks in the city of 

Curitiba (25°25’40” S and 49°16’23” W), in southern 

Brazil, were included in this study (Fig. 1).  

 

 
 

Fig. 1. Map of Brazil showing the locations of the state of 
Paraná and city of Curitiba. Enlarged map shows locations 

and daily human movements of the bus stations (BS) and 
public parks (PP) included in the study, distinguishing those 
at which neighborhood dogs were sampled. City of Curitiba, 
state of Paraná, Brazil, 2016. 

 
At the time of the survey, the city of Curitiba had an 
estimated population of 1,864,416 inhabitants 

distributed over an area of 435,036 km2, located at 

934.6 meters above sea level. This city has humid 

subtropical climate, with rainfall of 1,434 mm/year and 

average winter and summer temperatures of 10 °C and 

22 °C respectively (IBGE, 2014). 

The dog inclusion criteria were applied in accordance 

with the World Health Organization (WHO) definition 

of neighborhood dogs (WHO/WSPA, 1990), as 

follows: semi-restricted or entirely free to wander and 

establish food and shelter dependency with users and 

workers at the bus stations and parks. A total of 21 

neighborhood dogs, 19 from 9/22 bus stations (40.9% 

of the bus stations) and two from each public park, were 

found between February and April of 2014 (Fig. 1). The 

dogs were all of mixed breed and aged ≥ 1 year; 8/21 

(38.1%) were females and 13/21 (61.9%) were males. 
They were physically restrained and underwent 

physical examination. Since over 1.0 million people 

daily use the ground transportation of Curitiba, 

researchers were allowed by the City Secretary of 

Transportation to perform capture, physical restrain and 

dog samplings on site only between February and April 

(mild Autumn). Blood samples were collected by 

means of venipuncture of the jugular vein using 

commercial sterile vacuum tubes with and without 

EDTA. Thereafter, complete blood cell (CBC) counts 

and biochemical profiling were performed, and the 

remaining aliquots were stored at -20 °C for further 
molecular and serological analysis. 

Laboratory tests 

CBC counts and biochemical profiling were performed 

on all samples.  CBC counts were performed in a 

commercial automated hematological analyzer (CC-

550, Celm Ltd, São Paulo, Brazil). Blood smears were 

made from fresh blood samples; they were dried and 

stained using a commercial staining agent (Diff-Quick; 

Panótico Rápido LB, Laborclin, São Paulo, Brazil), and 

differential leukocyte counts and cell morphology 

analysis were performed under an optical microscope. 
Alanine aminotransferase (ALT) and alkaline 

phosphatase (ALP) activity levels and creatinine 

concentrations were determined by means of the kinetic 

method, urea concentrations by means of the enzymatic 

method and total protein and fractions by means of the 

colorimetric method, using a commercial 

semiautomatic analyzer (Bio-2000lL, Bioplus, São 

Paulo, Brazil). 

Serum samples were tested for Dirofilaria immitis, 

Ehrlichia spp. (E. canis, E. chaffeensis and E. ewingii), 

Borrelia burgdorferi sensu stricto (s.s.) and Anaplasma 

spp. (A. phagocytophilum and A. platys) using a 
commercial rapid ELISA test (SNAP® 4Dx® Plus, 

IDEXX Laboratories Inc., Westbrook, ME, USA), in 

accordance with the manufacturer’s instructions. 

Whole EDTA-blood samples were tested for Babesia 

spp., Anaplasma spp., Ehrlichia spp., Rickettsia spp., 

Hepatozoon spp., Leishmania spp., Neorickettsia 

risticii, Bartonella spp., Mycoplasma haemocanis and 

‘Candidatus Mycoplasma haematoparvum’, using a 

commercial real-time PCR panel of vector-borne 

diseases (IDEXX Laboratories, Westbrook, ME, USA). 

DNA was extracted from the blood samples using 
standard protocols on a commercial platform (Corbett 

XTractor-Gene, Qiagen, Valencia, CA, USA). A 

housekeeping gene (18S rRNA) was used to determine 

DNA content and quality. The primers for both the 
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housekeeping gene and the PCR test were based on 

IDEXX’s proprietary real-time PCR oligonucleotides 

(IDEXX Laboratories). Real-time PCR was performed 

using default-cycling conditions in commercial 

apparatus (Roche LC480 in the 384-well plate 

configuration, Roche Applied Science, Indianapolis, 
IN, USA). 

Statistical analysis 

The data were stored in electronic spreadsheets 

(Microsoft Excel® 2010) and subsequently analyzed 

using the SPSS (2008) statistical software (version 

17.0). Descriptive analyses with frequency 

distributions were performed and in order to verify 

bivariate associations, nonparametric Fisher’s exact 

tests were conducted, at the 5% significance level. In 

addition, to measure the relationship between daily 

human movement and the number of neighborhood 

dogs in the study locations, the Pearson correlation 
coefficient was calculated. 

Results and Discussion 

All 21 neighborhood dogs were considered to be 

clinically healthy and had CBC counts and biochemical 

profiles within the normal range for the species. Only 

1/21 (4.8%) of the dogs was seroreactive for Borrelia 

burgdorferi s.s. according to the commercial rapid 

ELISA test. The commercial real-time PCR panel 

revealed that 7/21 (33.3%) of the dogs were positive for 

M. haemocanis, 9/21 (42.8%) for ‘Ca. M. 

haematoparvum’ and 4/21 (19%) for both (Table 1). All 
21 neighborhood dogs tested negative for the remaining 

CVBDs according to both real-time PCR and the rapid 

ELISA test. 

No significant association was found between gender 

(p = 0.337) or presence of ectoparasites (p = 0.638) and 

infection by M. haemocanis, or between gender (p = 

0.642) or presence of ectoparasites (p = 0.642) and 

infection by ‘Ca. M. haematoparvum’. The number of 

neighborhood dogs did not show any correlation with 

the daily human movement at the bus stations (Pearson 

correlation coefficient = 0.347, p = 0.123).  

In this cross-sectional study, neighborhood dogs were 
screened for CVBDs by means of serological and 

molecular methods. Despite the WHO definition 

published 25 years ago, this was the first study to 

survey health status and CVBDs in neighborhood dogs, 

to the best of the authors’ knowledge. Since these dogs 

may have spent their time continuously roaming 

outdoors, their exposure to vectors and pathogens was 

expected to be relatively higher than that of owned dogs 

(Azzag et al., 2015). Surprisingly, despite lacking 

traditional ownership, these dogs were found to be 

healthy on clinical examination, with CBC counts and 
biochemical profiles within the normal range, and they 

mostly tested negative for CVBD. In Brazil, previous 

studies have shown that the prevalence of CVBDs in 

dogs in urban areas has varied from absence to 91.2% 

(Lasta et al., 2013; Spolidorio et al., 2013; Vieira et al., 

2013b). Although the neighborhood dogs of the present 

study had comparatively lower CVBD prevalence 

(Vieira et al., 2013b; Azzag et al., 2015), the wide 

differences in CVBD prevalence may be explained by 

the populations studied, lifestyles, environmental 
occurrence of vectors and diseases, diagnostic tests 

used and vector competence of ticks from the 

Rhipicephalus sanguineus group (Balakrishnan et al., 

2014; Maia et al., 2015; Moraes-Filho et al., 2015). 

As observed here, infection by CVBDs may occur in 

the absence of clinical signs (Joppert et al., 2001; 

Maggi et al., 2014; Azzag et al., 2015) or hematological 

changes (Novacco et al., 2010; Balakrishnan et al., 

2014; Moraes-Filho et al., 2015). A previous study on 

owned dogs did not show any significant associations 

between hemoplasma infection and anemia, 

ectoparasite infestation, gender and clinical status 
(Tennant et al., 2011), thus corroborating the findings 

from the neighborhood dogs of the present study. 

Although neighborhood dogs with outdoor lives in 

urban areas may be at higher risk of exposure to tick-

borne pathogens (Cardoso et al., 2012; Vieira et al., 

2013b; Maia et al., 2015), only 1/7 (14.3%) of the dogs 

infected by M. haemocanis and 1/9 (11.1%) by ‘Ca. M. 

haematoparvum’ were infested by ticks. No association 

was found between the presence of ectoparasites and 

positivity for at least one species of Mycoplasma (p = 

0.397). Although Mycoplasma spp. infection has 
previously been reported in dogs (Ramos et al., 2010; 

Valle et al., 2014; Vieira et al., 2015) and has been 

correlated with exposure to ticks and fleas in Brazil 

(Valle et al., 2014), our findings corroborate other 

reports from Brazil, Greece and Africa, which did not 

find any association between hemoplasma infection 

and ticks (Barker et al., 2010; Tennant et al., 2011; 

Vieira et al., 2015). Since the clinical examinations 

were limited to the time of sampling, it is possible that 

these dogs may have acquired and eliminated ticks 

before this time. 

Despite the low prevalence of M. haemocanis and 'Ca. 
M. haematoparvum' hemoplasmas in the neighborhood 

dogs, these pathogens have previously been reported 

infecting humans (Kallick, 2010; Maggi et al., 2013a, 

2013b). Since neighborhood dogs may play a role as 

environmental CVBD reservoirs and/or disseminators, 

zoonotic potential should always be considered, 

particularly because of these animals’ close contact 

with users at bus stations every day. Thus, these 

animals should be continuously monitored as 

environmental sentinels for hemoplasmas and other 

CVBDs. Although seropositivity has been already 
reported in dogs, human beings and horses in Brazil, no 

molecular evidence of B. burgdorferi infection has 

been found to date (Joppert et al., 2001; Labarthe et al., 

2003; Spolidorio et al., 2010; Montandon et al., 2014).  
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Table 1. Location and results of molecular and serological tests performed on blood samples from 21 neighborhood dogs in the 
city of Curitiba, state of Paraná, Brazil, 2016. 
 

Neighborhood dog 
Commercial real-time PCR panel of vector-borne diseases Commercial rapid ELISA test 

M. haemocanis ‘Ca. M. haematoparvum’ Borrelia burgdorferi 

Location Number Positive (%) Negative (%) Positive (%) Negative (%) Positive (%) Negative (%) 

BS 1 1 0/1 (0) 1/1 (100) 1/1 (100) 0/1 (0) 0/1 (0) 1/1 (100) 

BS 2 5 1/5 (20) 4/5 (80) 1/5 (20) 4/5 (80) 0/5 (0) 5/5 (100) 

BS 3 1 0/1 (0) 1/1 (100) 0/1 (0) 1/1 (100) 0/1 (0) 1/1 (100) 

BS 4 1 1/1 (100) 0/1 (0) 1/1 (100) 0/1 (0) 0/1 (0) 1/1 (100) 

BS 5 2 1/2 (50) 1/2 (50) 2/2 (100) 0/2 (0) 0/2 (0) 2/2 (100) 

BS 6 5 2/5 (40) 3/5 (60) 1/5 (20) 4/5 (80) 0/5 (0) 5/5 (100) 

BS 7 2 0/2 (0) 2/2 (100) 2/2 (100) 0/2 (0) 1/2 (50) 1/2 (50) 

BS 8 1 0/1 (0) 1/1 (100) 0/1 (0) 1/1 (100) 0/1 (0) 1/1 (50) 

BS 9 1 1/1 (100) 0/1 (0) 0/1 (0) 1/1 (100) 0/1 (0) 1/1 (50) 

PP 1 1 0/1 (0) 1/1 (100) 0/1 (0) 1/1 (100) 0/1 (0) 1/1 (50) 

PP 2 1 1/1 (100) 0/1 (0) 1/1 (100) 0/1 (0) 0/1 (0) 1/1 (50) 

Total 21 7/21 (33.3) 14/21 (66.6) 9/21 (42.8) 12/21 (57.1) 1/21 (4.8) 20/21 (95.2) 

(BS): Bus station; (PP): Public park. 

 

Thus, the finding of a neighborhood dog that was 

seropositive for B. burgdorferi in the present study may 

have potentially been a false positive. This result may 

have been due to the high sensitivity (94.1%) and good 
specificity (96.2%) for specific antibodies to the C6 

synthetic peptide to B. burgdorferi s.s. presented by the 

commercial rapid ELISA test used here. 

Alternatively, our findings may have been the 

consequence of a low tick infection rate (Spolidorio et 

al., 2010) or a conceivably different B. burgdorferi 

strain or a similar species in Brazil (Joppert et al., 2001; 

Montandon et al., 2014). Nonetheless, further studies 

should be conducted in order to fully establish the 

potential association between antibody presence and 

the zoonotic Brazilian Baggio-Yoshinari syndrome. 
Since direct transfer of infected ticks between dogs and 

human beings is considered to be a minor transmission 

factor (Goossens et al., 2001), dogs may not be 

important pathogen disseminators. As previously 

shown, dogs may be suitable sentinels for evaluating 

the environmental risk of human exposure to B. 

burgdorferi (Duncan et al., 2005). Moreover, since 

dogs may be more exposed to ticks, particularly in 

endemic areas, monitoring of anti-B. burgdorferi 

antibodies in neighborhood dogs may indicate an 

environmental risk of human exposure. 

Despite relatively low number of individuals, the 

neighborhood dogs in the present study were randomly 

distributed throughout the city (Fig. 1). In addition, a 

high degree of result repetition was observed since all 
the dogs were considered to have adequate health status 

and were within the normal ranges for the CBC count 

and biochemical profile for the species, with low 

prevalence of CVBD.  

No previous survey has been found to date on tested 

pathogens (Dirofilaria immitis, Ehrlichia canis, E. 

chaffeensis, E. ewingii, Borrelia burgdorferi sensu 

stricto, Anaplasma phagocytophilum, A. platys, 

Babesia spp., Rickettsia spp., Hepatozoon spp., 

Leishmania spp., Neorickettsia risticii, Bartonella spp., 

Mycoplasma haemocanis and ‘Candidatus 
Mycoplasma haematoparvum’) in human samples at 

the city of Curitiba or surrounding areas. Anti-

Ehrlichia spp. antibodies in human samples were 

reported in a rural settlement of northern Paraná state, 

however without molecular evidence of infection 

(Vieira et al., 2015). Also within the Paraná state, the 

first detection of antibodies against B. burgdorferi 

sensu latu was reported in human beings living in the 

same rural area (Gonçalves et al., 2013). 

Finally, the adequate clinical and laboratory health 

status observed among these neighborhood dogs may 
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imply that these dogs in the city of Curitiba were living 

under good animal sanitary and welfare conditions, 

particularly since some of the bus stations have a 

human movement of over than 100,000 daily users 

(Fig. 1). Furthermore, since these neighborhood dogs 

were receiving water, food and shelter at the bus 
stations, their individual CBC counts and clinical 

biochemical profiles together may indicate that they 

were in a situation of animal welfare in an overall non-

harmful environment. The low prevalence of CVBD 

among these neighborhood dogs may show that was a 

low environmental risk and consequently a low risk of 

dissemination, particularly in the bus stations. 

Moreover, clinically healthy dogs with CBC counts and 

biochemical profiles within the normal range may 

represent a state of low environmental toxicity and 

satisfactory animal welfare. In conclusion, 

neighborhood dogs should be continuously monitored 
and may act as sentinels for environmental risk such as 

vector-borne diseases in public areas with highly 

human movement. 
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