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Brazilian Spotted Fever is a disease caused by Rickettsia rickettsii, and is transmitted to humans and 
animals by Amblyomma spp. The objective of this work was to study the epidemiology of spotted fever 
group rickettsiae in rural areas of Northern Parana. In Alvorada do Sul municipality, 88 humans, 83 
dogs, and 18 horses were sampled, and in Arapongas municipality, 138 humans, 90 dogs and 18 horses 
were studied. All the sera were tested by IFA in which R. rickettsii and R. parkeri were used as antigens, 
considering titers ≥ 64 positive. Ticks collected from dogs and horses were tested by PCR. In Alvorada 
do Sul, 24% and 16.1% of humans, 55.6% and 22.2% of horses and, 22.9% and 18.1% of dogs were 
seropositive for R rickettsii and R. parkeri, respectively. In Arapongas, 9.4% and 4.3% of the humans, 
5.6% and 5.6% of horses and, 13.3% and 12.2% of the dogs were seropositive for R. rickettsii and R. 
parkeri, respectively. PCR detected seven ticks with gltA sequences that showed similarity with R. bellii. 
The presence of antibodies to R. parkeri and R. rickettsii in dogs, horses and humans demonstrates a 
potential risk for spotted fever group rickettsiae in these areas. 
Key words: Rickettsia spp., brazilian spotted fever, Amblyomma spp., epidemiology  

Abstract

Febre Maculosa Brasileira é uma doença causada por Rickettsia rickettsii, e é transmitida para humanos 
e animais por Amblyomma spp. O objetivo deste trabalho foi estudar a epidemiologia de riquétsias do 
grupo da febre em áreas rurais do Norte do Paraná. No município de Alvorada do Sul, 88 pessoas, 83 cães 
e 18 cavalos foram amostrados, e no município de Arapongas, 138 seres humanos, 90 cães e 18 cavalos 
foram estudados. Todos os soros foram testados por IFI com R. rickettsii e R. parkeri como antígenos, 
considerando-se os títulos ≥ 64 positivos. Carrapatos coletados de cães e cavalos foram testados por PCR. 
Em Alvorada do Sul, 24% e 16,1% dos seres humanos, 55,6% e 22,2% de cavalos e, 22,9% e 18,1% de 
cães foram soropositivos para R. rickettsii e R. parkeri, respectivamente. Em Arapongas, 9,4% e 4,3% dos 
seres humanos, 5,6% e 5,6% de cavalos e, 13,3% e 12,2% dos cães foram soropositivos para R. rickettsii 
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e R. parkeri, respectivamente. A PCR detectou 7 carrapatos com seqüências gltA que mostrou semelhança 
com R. bellii. A presença de anticorpos para R. rickettsii e R. parkeri em cães, cavalos e seres humanos 
demonstra um risco potencial para riquétsias do grupo da febre maculosa nestas áreas.
Palavras-chave: Rickettsia spp, febre maculosa brasileira, Amblyomma spp, epidemiologia

Introduction

Spotted Fever Rickettsia infections are acute 
febrile tick-borne diseases caused by bacteria of 
the genus Rickettsia, which belong to the order 
and Rickettsiaceae family (DUMLER et al., 2001). 
Rickettsiae are obligatory intracellular, Gram-
negative bacteria, which have been classically 
classified into two groups: the typhus group 
(TG) and the spotted fever group (SFG). The 
TG is composed by 2 species, R. prowazekii and 
R. typhi, while the SFG is composed by many 
species, for which many are considered of variable 
pathogenicity in humans (HOOGSTRAAL, 1985; 
RAOULT; ROUX, 1997). R. rickettsii, the most 
pathogenic SFG species, is the etiological agent of 
Brazilian spotted fever in Brazil (BSF).

In Brazil, Amblyomma spp. ticks are the main 
vectors of R. rickettsii to humans and animals 
(GALVÃO et al., 2003; McDADE; NEWHOUSE, 
1986). Amblyomma cajennense is considered 
the most important vector for transmission to 
humans (LEMOS et al., 1997, GUEDES et al., 
2005), although A. aureolatum is also important 
in a few areas in the state of São Paulo (PINTER; 
LABRUNA, 2006). Transovarial transmission is 
an important mechanism for maintaining these 
rickettsiae in nature (RAOULT; ROUX, 1997). 
However, R. rickettsii is pathogenic for ticks and 
thus requires amplification through horizontal 
transmission via vertebrate hosts, in order to 
create new lineages of infected ticks in nature 
(McDADE; NEWHOUSE, 1986). Studies in Brazil 
have showed that both capybaras (Hydrochoerus 
hydrochoerus) and opossums (Didelphis spp.) 
are competent amplifier hosts of R. rickettsii for 
A. cajennense ticks (TRAVASSOS; VALLEJO-
FREIRE, 1942; LABRUNA, 2009).

Recent studies have described other rickettsiae 
in different areas of Brazil, including R. parkeri, R. 
bellii, R. felis, R. amblyommii and R. rhipicephali 
(LABRUNA et al., 2007c; HORTA et al., 2007; 
SILVEIRA et al., 2007; SAITO et al., 2008). From 
these above five agents, only R. parkeri and R. 
felis are currently recognized as human pathogens 
(LABRUNA, 2009). 

R. bellii has been the most common rickettsia 
found infecting ticks in Brazil, including those tick 
species more frequently associated with canine 
and humans infestation, such as A. aureolatum, 
Amblyomma ovale, Amblyomma oblonguttatum, 
and Amblyomma scapturatum (LABRUNA et al., 
2005, PINTER; LABRUNA, 2006). However, this 
Rickettsia species are not currently recognized 
as human or animal pathogen (LABRUNA et al., 
2004; 2007a, 2007b). 

Epidemiological studies of BSF have shown 
the importance of dogs and horses to the disease, 
because dogs carry ticks into human habitations 
and horses are the major hosts for A. cajennense. 
Moreover, dogs are secondary hosts for these ticks 
and like horses, serve as sentinels for rickettsial 
infection in a given area (LEMOS et al., 1997; 
LABRUNA et al., 2001; SANGIONI et al., 2005). 

The dog tick Rhipicephalus sanguineus, a 
recognized vector R. rickettsii in Mexico and 
the United States, has deserved more attention 
in Brazil, where this tick was found naturally 
infected by R. rickettsii in some BSF-endemic 
areas (LABRUNA, 2009).

In Paraná state, southern Brazil, only two 
studies of SFG rickettsiosis in humans and animals 
have been conducted, all in urban areas. In São José 
dos Pinhais, in the southeast of the state, 9.33% of 
horses were seropositive to R. rickettsii (FREITAS 
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et al., 2010); in Londrina, in the northwest of 
the state, 4.67% of humans, 2.74% of dogs and 
38.50% of horses were seroreactive  (TOLEDO et 
al., 2011). 

In the north, Parana State borders with São Paulo 
State. This later state has many endemic areas for 
BSF, where many cases of the disease have been 
noticed since long time ago. Furthermore, in the 
states of Rio Grande Sul and Santa Catarina, 
located south to Paraná state, human cases of SFG 
rickettsiosis have also been confirmed, although 
the Rickettsia species responsible for these cases 
have remained unidentified. 

The objectives of this work were: a) to evaluate 
the presence of antibodies against Rickettsia species 
in humans, dogs and horses in rural communities, 
in the north of Paraná state; b) to determine risk 
factors to anti-Rickettsia spp. antibodies; c) to 
identify Rickettsia species infecting ticks in this 
region.

Materials and Methods

Study areas 

Samples were obtained from humans, dogs, and 
horses in 2 rural areas in the north of Paraná State. 
Area 1 was located in Alvorada do Sul municipality 
(22°51’S/51°14’W) and area 2 was in the Arapongas 
municipality (23°30’S/51°18’W). These localities 
were considered silent for rickettsiosis and the 
main human activity is agriculture, where families 
are living in close proximity of dogs and horses. 
Area 1 occupies 1,068.62 hectares, where 60 
families reside. Area 2 has 765.10 hectares with 
94 families. These areas have ciliary forests near 
margins of streams, where there are wild animals. 

Samples

In area 1, blood samples were obtained from 
humans, dogs and horses between November 2006 
to January 2007, and in area 2, blood samples were 

obtained from January to March 2007. All samples 
were collected using sterile materials and labeled 
before transporting to the laboratory, where the 
sera were aliquotted and stored at -20°C until used.

Ticks were collected from dogs and horses 
during the sampling intervals and were maintained 
in absolute alcohol. Tick species identification 
followed taxonomic keys (ARAGÃO; FONSECA, 
1961; GUIMARÃES; TUCCI; BARROS-
BATTESTI, 2001).

	

Indirect immunofluorescence assay (IFA)

All sera from humans, dogs and horses were 
tested by IFA, according to Horta et al. (2004), 
employing two Rickettsia species: R. rickettsii 
strain Taiaçu (PINTER; LABRUNA, 2006) and 
R. parkeri strain At24 (SILVEIRA et al., 2007). 
Briefly, Rickettsia species were cultivated in Vero 
cells until 100% of cells were infected. Slides were 
then prepared by harvesting cells and air drying 
onto multiwell Teflon-coated glass slides, fixed in 
acetone, and stored at -20ºC until used. The slides 
tested with animal or human sera, followed by 
respective secondary antibodies, were examined 
using an epifluorescence microscope (Olympus, 
Japan). Titers ≥ 64 were considered positive. 

	

Tick DNA extraction and polymerase chain 
reaction (PCR)

DNA extractions were performed according to 
Chomkzynski (1993) modified by Sangioni et al. 
(2005). Each tick was dried in sterilized paper, 
then longitudinally sectioned using sterile scalpel 
blades, and one portion of the tick was triturated 
for DNA extraction and the other was stored at 
-20°C. 

The PCR assay was performed individually 
for 101 ticks from dogs and horses located in 
area 1 and for 31 ticks from area 2. For rickettsial 
DNA amplification the primers RpCS.877p 
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(GGGGGCCTGCTCACGGCGG) and RpCS.1258n 
(ATTGCAAAAAGTACAGTGAACA) were used 
to amplify a 381 base pair region of gltA, which 
encodes a region of the enzyme citrate synthase found 
to be efficient to all Rickettsia species (Regnery, 
Spruill e Plikaytis, 1991). Samples that contained 
gltA were subsequently tested by PCR using outer 
membrane protein A (ompA) gene primers for the 
detection of SFG rickettsiae. The primers Rr190.70p 
(ATGGCGAATATTTCTCCAAAA) and 
Rr190.602n (AGTGCAGCATTCGCTCCCCCT) 
amplify a 512 bp region of ompA (REGNERY; 
SPRUILL; PLIKAYTIS, 1991). For the PCR 
assays, 5 µl buffer (10X), 5 µM for deoxynucleoside 
triphosphates (dNTP 1.25 mM), 1.5 mM MgCl2 
(50 mM), 25 pmol of each primer, 1.5U of 
Taq DNA polymerase (5000 U/ml) and 5 µl of 
extracted DNA, and ultra pure H2O were used in 
a 50 µl reaction. Amplification conditions were as 
described by Sangioni et al. (2005) and Horta et al. 
(2007). As positive control, DNA from Rickettsia 
parkeri strain NOD was used, and for the negative 
control, sterilized distilled water was used. 

The amplified products were visualized in 
1.5% agarose gel stained with ethidium bromide 
(SAMBROOK; FRITSCH; MANIATIS, 1989). 
Amplification products with the expected sizes 
were submitted for direct sequencing using an 
ABI Prism 3100 Genetic Analyzer (Applied 
Biosystems/Perking Elmer, California, USA) and 
sequences were submitted to BLAST (Basic Local 
Alignment Search Tool) to determine similarity to 
other Rickettsia spp. 

	

Statistical analysis

An epidemiological questionnaire was used 
examining the variables: age and sex of humans 
and animals; interval of residence in the area; 
the presence of ciliary forest; and the presence of 
ticks and activities to control ticks on animals. To 

evaluate these variables, the Chi-Square test or the 
Fisher Exact test and the Odds Ratio calculation 
with confidence intervals of 95% were used. 
Calculations were determined with Epiinfo 6 
program (CDC/Atlanta).

Ethics committees

The Project was approved by the Ethics 
Committees of the Universidade Estadual de 
Londrina for Animal Experimentation (n° 82/2006) 
and for Human Subjects (n° 124/07).

	

Results

Indirect Immunofluorescence assay (IFA)

The results of serological tests are shown in 
Tables 1 and 2. In area 1, when R. rickettsii was 
used as antigen, 21 (24.0%) of 88 human sera 
had titers ≥ 64. Of these, 10 had titers of 64, 7 of 
128, 3 of 256 and 1 of 1024. Among the 19 horse 
samples, 10 (52.6%) were positive. Of these, 1 had 
an endpoint titer of 64, 6 of 128, and 3 had titers of 
256. Of the 83 dog sera, 19 (22.9%) were positive 
with endpoints titers varying from 64 to 1024. 
When R. parkeri was used as antigen, 14 (16.0%) 
of the 88 human sera had titers ranging from 64 to 
1024; of 19 horse sera, 4 (21.0%) had titers of 64; 
and of 83 dog sera, 15 (18.1%) were positive, 1 at 
64, 4 at 128, 6 at 512 and 3 at 1024. 

In area 2, among 138 human sera, 14 (10.1%) 
were positive to R. rickettsii antigen. Of these, 5 
had titers of 64, 8 of 128 and 1 of 256. From 18 
horses, just 1 (5.5%) was positive with endpoint 
titer of 128. Of 90 dog sera, 12 (13.3%) were 
positive, with endpoints titers of 64 in 2, 1 at 128, 
3 at 256, 4 at 512, 1 at 1024 and 1 at 2048. For R. 
parkeri, 6 humans (4.3%) were positive with titers 
ranging from 64 to 256; just 1 horse (5.5.0%) was 
seroreactive with a titer of 128; and 11 (12.2%) 
dogs were positive, 4 with titers of 128, 1 at 256, 4 
at 512 and 2 at 2048.
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Table 1. Comparison of IFA endpoint titers obtained from human (H) and equine (E) sera using R. rickettsii 
and R. parkeri antigens, at two rural localities (Alvorada do Sul - Area 1; and Arapongas - Area 2), North 
Paraná state, Brazil, 2008.

			   Area 1					                     Area 2
Sera 	        R. rickettsii	      	          R. parkeri	            Sera 	        R. rickettsii	                     R. parkeri	
H1		  64			   64		  H4		  128			   128	
H4		  128			   neg.		  H6		  64			   64	
H5		  128			   64		  H10		  256			   256	
H6		  64			   neg.		  H11		  128			   128	
H7		  64			   neg.		  H12		  128			   128	
H10		  128			   neg.		  H14		  128			   neg.	
H16		  64			   64		  H15		  128			   neg.	
H21		  64			   128		  H19		  128			   neg.	
H22		  64			   neg.		  H35		  128			   neg.	
H25		  64			   64		  H37		  64			   neg.	
H32		  64			   64		  H63		  128			   neg.	
H51		  64			   64		  H64		  64			   neg.	
H52		  1024			   1024		  H116		  64			   neg.	
H57		  256			   neg.		  H119		  64			   64	
H58		  128			   128					   
H62		  256			   256					   
H66		  128			   64					   
H72		  256			   256					   
H82		  64			   64					   
H87		  128			   neg.					   
H90		  128			   128					   
H-total*      21/88 (24.0)	       14/88 (16.0)             H-total*     14/138 (10.1)  	        6/138 (4.3)
E1		  128			   64		  E29	              128			   128	
E3		  128			   64					   
E6		  128			   neg.					   
E8		  64			   neg.					   
E10		  256			   64					   
E11		  128			   neg.					   
E13		  256			   neg.					   
E14		  128			   neg.					   
E16		  128			   64					   
E19		  256			   neg.					   
E-total*     10/19 (52.6)	                   4/19 (21.0)		  E-total*       1/18 (5.5)	  	       1/18 (5.5)	
Total: No. positives/No. tested (% positive).
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Among humans with serological reactions to 
either R. rickettsii or R. parkeri, the geometric mean 
titers were similar in both areas (area 1, 112 vs. 110; 
area 2, 105 vs. 114). In contrast, horses from area 1 

had a higher geometric mean titer for R. rickettsii 
(147) than for R. parkeri (64), and dogs from both 
areas had a higher titer to R. parkeri (388 vs. 191 in 
area 1; 374 vs. 323 in area 2).

Table 2. Comparison of IFA endpoint titers obtained from dog sera using R. rickettsii and R. parkeri antigens, 
at two rural localities (Alvorada do Sul - Area 1; and Arapongas - Area 2), North Paraná state, Brazil, 2008.
		  Area 1							       Area 2	
Sera	         R. rickettsii        R. parkeri		  	 Sera	        R. rickettsii      R. parkeri	
D12		  128		  512			   D113		  64		  neg.	
D15		  128		  512			   D124		  neg.		  128	
D18		  64		  64			   D149		  512		  512	
D20		  256		  2048			   D170		  256		  256	
D21		  256		  512			   D174		  2048		  2048	
D24		  64		  neg.			   D175		  512		  512	
D29		  128		  128			   D176		  256		  512	
D35		  1024		  1024			   D178		  128		  128	
D50		  64		  neg.			   D180		  1024		  2048	
D52		  64		  neg.			   D182		  512		  512	
D65		  512		  512			   D185		  256		  128	
D69		  1024		  1024			   D187		  512		  128	
D70		  1024		  1024			   D190		  64		  neg.	
D71		  neg.		  128						    
D72		  256		  512					   
D73		  neg.		  128					   
D74		  256		  512					   
D75		  512		  neg.					   
D82		  128		  128					   
D94		  64		  neg.					   
D99		  64		  neg.					   
D-total*     19/83 (22.9)	      15/83 (18.1)			  D-total*      12/90 (13.3)       11/90 (12.2) 	

Total: No. positives/No. tested (% positive).

Ticks collected and PCR

From a total of 101 ticks collected in area 1, 
67 were found parasitizing dogs and 34 were on 
horses. Of the ticks from dogs, 21 were identified as 

Amblyomma ovale, 1 as Amblyomma cajennense and 
45 as Rhipicephalus sanguineus. All ticks collected 
from horses were identified as A. cajennense. In area 2 
a total of 30 ticks were collected from dogs and horses. 
Of these, 19 A. ovale and 10 R. sanguineus were found 
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parasitizing dogs and just 1 A. cajennense on a horse.

	 All ticks collected from the animals were tested 
by PCR, and only 7 A. ovale ticks contained Rickettsia 
gltA. Figure 1 shows 4 A. ovale positive samples, as 
well reaction controls). Among these, 3 were from 

Figure 1. Detection of a fragment of the rickettsial gene gltA by PCR in Amblyomma ovale in 1.5% agarose 
gel. (1) 123-bp DNA size marker ladder; (2) Positive control; (3, 4, 5, 6) positive samples extracted from 
A. ovale; (7) negative sample; (8) nucleic acid extraction negative control and (9) PCR negative control.

area 1 and 4 were from area 2. However, when these 
samples were subjected to spotted fever group ompA 
PCR, all were negative. The gltA amplicons were 
sequenced; all showed identity with Rickettsia bellii 
(GenBank number FJ789813).

Epidemiological questionnaire and statistics

Tables 3 and 4 show the variables for the areas 1 
and 2 with statistically significant associations in the 
epidemic questionnaires given to each human subject 
who provided blood and from each owner from which 
an animal blood sample was obtained.

Epidemiological variables were examined with 
respect to rickettsial seropositivity. In Area 1, among 
horses with R. rickettsii antibodies, a significant 
association was obtained for animals for which tick 
control was reported. Of 8 animals for which tick 
control treatment was not used, 7 were R. rickettsii 
seropositive (p=0.022). For humans, R. rickettsii 

seropositivity was significantly associated with the 
presence of a seropositive horse (p=0.011). Among 
16 humans who owned a horse, 8 were R. rickettsii 
seropositive. For R. parkeri seropositive dogs, there 
was a significant association when the presence of ticks 
was reported (p=0.017). Of 65 dogs for which contact 
with ticks was reported, 15 were seropositive for R. 
parkeri.  Of 10 horses for which tick control efforts 
were reported, none were seropositive (p=0.022). No 
significant associations were identified for any variable 
with regard to R. parkeri seropositivity in human sera 
(Table 2).  

	 In area 2, the only significant association 
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Table 3. Significantly associated epidemiological variables among seropositive humans, horses, or dogs for 
R. rickettsii and R. parkeri antibodies, in Alvorada do Sul (Area 1), North Paraná state, Brazil.

Antigen	 Samples	 Variables     Option   Positives/Total (%)       p value	 OR (95% CI)
R. rickettsii	 Dog		       -		   -	             -		    -	            -
		  Horse		  Tick control 
				    efforts	             yes	          3/10	            0.022*   0.06 (0.00–1.02)
						      no	           7/8		
		  Human	             seropositive 
				    horse	             yes	           8/16	            0.011*  4.54 (1.24–16.92)
						      no	          13/72		
						    
R. parkeri	 Dog		  Presence 
				    of ticks	            yes                   15/65	            0.017	            -
					                  no	           0/18		
		  Horse		  Tick control 
				    efforts	             yes	           0/10	            0.022*	           -
						      no	            4/8		
		  Human		        -	               -	             -	                -	           -
* Fisher Exact Test.

was contact with ciliary forests in R. rickettsii and R. 
parkeri seropositive dogs. Of 20 dogs, 8 R. rickettsii 
seropositives and 4 R. parkeri seropositives were 
living near ciliary forest areas (p=0.025 and p=0.012). 
No significant associations were found for humans or 
horses in this area (Table 3). 

	

Discussion

The present study was conducted in rural areas 
located in North Paraná state, Brazil, a region assumed 
as nonendemic, since no cases of BSF nor has 
rickettsia infection in ticks has been reported before. 
Our serologic tests provide evidence that one or more 
spotted fever group Rickettsia species may be present 
and could potentially infect humans and domestic 
animals in these localities. Sera from humans, horses 
and dogs reacted with R. rickettsii, R. parkeri, or both 
in differing intensities and titers depending on the 
serum source and the area studied. Serologic reactions 
with R. rickettsii, the agent of BSF in Southeast Brazil, 

was more frequent and of higher titers in humans and 
horses; however, dogs had more frequent and higher 
titer serological responses to R. parkeri (Tables 1 and 
2).

	 The seroprevalence in humans from Alvorada 
do Sul (area 1) and Arapongas (area 2) Counties were, 
respectively, 24.0% and 10.1%, using R. rickettsii 
antigen. The rate found for area 1 is considered high 
because there are no symptomatic cases of BSF 
reported in this area. Similar studies conducted in 
endemic and nonendemic areas have shown lower 
seroprevalence rates. In an endemic area of Minas 
Gerais state, Lemos, Machado e Coura (1994) found 
a seroprevalence of 7.14%, and in Mogi das Cruzes 
County, state of São Paulo, Pinter et al. (2008) 
detected R. rickettsii antibodies in 2.8% of human sera. 
Moreover, Horta et al. (2007), showed seroprevalence 
rates varying from 10% to 19%, in four endemic areas 
of São Paulo municipality, and in a nonendemic area 
the same authors found 17.8% seropositivity.
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Table 4. Significantly associated epidemiological variables among seropositive humans, horses, or dogs for 
R. rickettsii and R. parkeri antibodies, in Arapongas (Area 2), North Paraná state, Brazil.
Antigen	 samples         Variables	          Option   Positives/Total (%)     p value	  OR (95% CI)
R. rickettsii	 Dog	 Ciliary Forest contact	 yes	            8/41	             0.025   6.0 (1.10 – 32.81)
						      no	            4/49		
		  Horse		     -		   -	    	 -		    -		  -
		  Human		    -	   	  -		  -		    -		  -
R. parkeri	 Dog	       Ciliary forest 
			          localization	       < 100 m	            4/10	             0.012* 8.11 (1.40 – 48.30)
					            > 100 m	            6/80		
		  Horse		     -		  -		  -		    -		  -
		  Human		    -		  -		  -		    -		  -
* Fisher Exact Test.

	 The high rate of human seropositivity found in 
our study conducted in a nonendemic area for BSF is 
similar to other studies. Considering that humans and 
their horses always lived together in and had similar 
seroprevalences, the high rates could be explained by 
frequent contact of humans with ticks that ordinarily 
parasitize horses. The discrepancy between high 
seroprevalence and the lack of clinical cases suggests 
that there are mild or subclinical cases of BSF or 
infections/immune stimulation by other spotted fever 
group rickettsiae with low pathogenicity. 

In horses from area 1, reactivity against R. rickettsii 
was 52.6%, although this was not significantly 
associated with the variable “contact with ticks,” 
the percentage of owners who reported contact with 
ticks was almost 90%. This seroprevalence is high, 
considering that the study was conducted in an area 
that never reported BSF. Other studies showed that 
the percentage of seropositive horses in an endemic 
region ranged from 77.3% (HORTA et al., 2004) 
and 57.1% to 80% (SANGIONI et al., 2005). In 
contrast, seropositivity to R. rickettsii in area 2 was 
10.1%, significantly lower than in area 1, and closer 
to the 19% seropositive rate that Horta et al. (2007) 
found in a nonendemic region.

The high seropositive rate in horses from North 
Paraná state supports Sangioni et al. (2005) who 

suggest that surveys of horse sera are useful for BSF 
surveillance in areas where humans are exposed to 
A. cajennense. Horses are the primary host for A. 
cajennense and in places with heavy infestations, 
humans as well as other animals can become 
secondary hosts (LABRUNA et al., 2001; HORTA 
et al., 2007; PINTER et al., 2008). From this point 
of view, our study using horses as sentinels for BSF 
suggests increased risk for humans and dogs in the 
area 1.

Of interest, seropositivity to R. rickettsii in dogs 
in area 1 was 22.9%, similar to the Pirassununga 
region in São Paulo state, a nonendemic area for BSF 
where there has never been a case of BSF (HORTA 
et al., 2007). In area 2, seropositivity in dogs was 
13.3%, almost half of that in the area 1. Such a 
difference could be due to the lower abundance 
of ticks in area 2 (41%) than in area 1 (78%). In 
addition, dogs from area 1 had more contact with 
forested areas where they likely acquired A. ovale. 
In area 2, dogs received better care from their 
owners and were usually restricted from roaming 
away from their owner’s homes reducing likely 
encounters with ticks. In contrast, dogs from area 1 
always were often observed walking freely through 
the neighborhood.

A. ovale usually parasitizes wild animals but it 
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is possible to find these ticks on dogs in rural areas 
(ARAGÃO; FONSECA, 1961). The occurrence 
of A. ovale parasitizing humans is described in an 
Atlantic rainforest reserve in Southeastern Brazil 
(SZABÓ et al., 2006). We observed A. ovale 
parasitizing dogs in the both studied areas, raising 
the question as to whether A. ovale could have been 
infected by and transmitted R. parkeri or a similar 
rickettsia in Paraná State as an explanation for some 
of the high titers observed in dogs, since one strain 
of R. parkeri has been reported infecting A. ovale 
ticks in the state of São Paulo, southeastern Brazil 
(SABATINI et al., 2010).

In humans, R. parkeri is described as a less 
severe infection than RMSF and it is possible that 
it could account for the lack of recognized BSF in 
some cities including in nonendemic areas of São 
Paulo where serological studies suggest infection 
should exist (HORTA et al., 2007; SILVEIRA et 
al., 2007), and mostly important, because clinical 
infection due to R. parkeri has been reported in two 
different regions of Brazil (SPOLIDORIO et al., 
2010, SILVA et al., 2011).

In contrast, humans and in particular, horses had 
more serological evidence of infection by R. rickettsii 
or very closely related species. No BSF cases have 
been described in these study sites and no attempt 
was made to relate clinical findings in humans to 
seropositivity. Therefore it is necessary to conduct 
further studies, perhaps including other rickettsial 
antigens, to better identify which Rickettsia species 
is eliciting these serological responses.

Finally, we attempted to survey the Rickettsia 
species infecting ticks in the study sites. We observed 
only R. bellii in  A. ovale collected from dogs from the 
2 areas.  R. bellii is frequently found in various tick 
species in Brazil (HORTA et al., 2004; LABRUNA, 
2009). Our findings are in agreement with another 
study in Rondonia where A. ovale infected with R. 
bellii were found. Although R. bellii commonly 
infects ticks, this basal group Rickettsia species has 
never been described as pathogenic for humans, 

horses or dogs (HORTA et al., 2004; LABRUNA 
et al. 2007c). These findings are supported by 
studies showing that dogs parasitized with R. bellii-
infected ticks were seronegative to R. bellii by IFA 
(PINTER et al., 2008). In contrast, Pacheco et al. 
(2007) provided possible serological evidence of 
infection of capybaras by R. bellii. Regardless, the 
results of the tick studies conducted here leave open 
the question of which species could be involved in 
inducing the high rates of seropositivity observed in 
humans, horses, and dogs in northern Parana State. 

This epidemiological study in the State of Paraná 
shows the high seroprevalence of spotted fever group 
rickettsia infection among humans, horses, and dogs 
and suggests the potential risk for human BSF in this 
area. However, the uncertainty of serological testing 
in the spotted fever group rickettsiae leaves open 
for further investigation the question as to which 
species is causing the serological reactions and 
whether there is any clinical disease in humans or 
domestic animal populations that sustain infection. 
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