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Spotted Fever outbreak in the State of Rio de Janeiro
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ABSTRACT

The present paper is the first to perform this evaluation in dogs from the cities of Natividade, Porciuncula
and Varre-Sai. The aim of this study is to search for Spotted Fever Group Rickettsia in canine sera using
indirect immunofluorescence assay and to identify the probable causative agent of sera reactions in
animals. Of the 253 sampled canines, 67.59% (171/253) were seroreactive for Rickettsia rickettsii and
11.07% (28/253) for Rickettsia parkeri, both in dilution 1:64. Titration of tested sera against R. rickettsii
antigens reached 1:131.072 and, for R. parkeri, 1:4.096. We conclude that dogs are important sentinels
for R. rickettsii infection, and can be infected regardless of sex, age, the habit of visiting woodlands or
being in direct contact with equines and capybaras. Serological diagnosis has highlighted many dogs
infected by R. rickettsii, and ambient conditions, such as the presence of flowing water bodies, was
important for the occurrence of Brazilian Spotted Fever in the northwestern of Rio de Janeiro State.

Keywords: Spotted Fever Group Rickettsia, indirect immunofluorescence assay, ecological
characterization, environmental characterization

RESUMO

O presente trabalho é o primeiro a ser realizado com cées nos municipios de Natividade, Porcilncula e
Varre-Sai e tem por objetivo pesquisar Rickettsias do Grupo da Febre Maculosa em soros de cées, por
meio da reacdo de imunofluorescéncia indireta, e identificar o provavel agente causador da reacéo
sorolégica nos animais. Dos caninos amostrados, 67,59% (171/253) foram sororreativos para Rickettsia
rickettsii e 11,07% (28/253) para Rickettsia parkeri, ambos em diluicdo de 1:64. A titulagdo dos soros
testados contra antigenos de R. rickettsii chegou a 1:131.072, e para R. parkeri, 1:4.096. Conclui-se que
cées sdo importantes sentinelas para a infecgdo por R. rickettsii, independente de sexo, idade, héabito de
visitar ambientes florestais ou de estarem em contato direto com equinos e capivaras. O diagnostico
soroldgico permitiu evidenciar muitos cdes infectados por R. rickettsii, e condi¢gbes ambientais, como a
presenca de &reas ribeirinhas, foram importantes para a ocorréncia de Febre Maculosa Brasileira na
regido noroeste do Estado do Rio de Janeiro.

Palavras-chave: Rickettsias do Grupo da Febre Maculosa, reacdo de imunofluorescéncia indireta,
caracterizacao ecoldgica, caracteriza¢do ambiental

INTRODUCTION

Spotted Fever Group Rickettsia (SFGR) consists
of a 60-species group, including Rickettsia
rickettsii, the etiological agent of Brazilian
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Spotted Fever (BSF) (Parola et al., 2013). The
transmission occurs via infected tick saliva,
highlighting ticks of Amblyomma genus, which
have been incriminated as vectors of this agent
(Pinter e Labruna, 2006). Due to the proximity
between humans and canines, zoonosis
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transmission can be easier (Szabd et al., 2001).
Hence, dogs can act as surveillance means of
rickettsioses in public health (Demma et al.,
2006), considering their role as vector hosts of
SFGR and sentinels to Rickettsia spp. transmitted
infections (Nicholson et al., 2006).

Indirect immunofluorescence assay (IFA) is the
gold standard test in the diagnosis of rickettsia
infections (Gasser et al, 2001; Raoult and
Parola, 2007) and recommendation is to perform
serology with the known species in the study site
(Horta et al., 2007).

Data on SFGR dispersion are located in the
southern region of Rio de Janeiro State (RJ)
(Gazeta et al., 2009; Cunha et al., 2014; Rozental
et al., 2015; Cordeiro et al., 2015), while other
regions do not have any studies, despite reports
of BSF-related deaths. In 2014, there were
reports of several confirmed cases and human
deaths due to the BSF in the cities of Natividade,
Porciuncula and Varre-Sai, as well as various
suspected cases. So, in this study, two species of
rickettsia genus were used, because they are
recognized as pathogenic in Brazil. Rickettsia
rickettsii, already known as etiologic agent of
potential fatal disease (Brasil, 2016), and R.
parkeri, recognized in a few cases of human
infection, but already demonstrated as an
emergent pathogen (Silva et al., 2011; Kaskas et
al., 2014).

The purpose of the present study is to contribute
for SFGR dispersion investigations during the
human spotted fever outbreak in northwestern
RJ. This is the first study performed in dogs in
the cities of Natividade, Porciuncula and Varre-
Sai. Therefore, the present study aims at
observing the occurrence of anti-SFGR
antibodies R. rickettsii and R. parkeri in canine
sera and identifying the probable causative agent
of the infection in animals.

MATERIALS AND METHODS

The research project was approved by the Ethical
Committee on Animal Use under the number
270/2012. Descriptive observational studies were
performed, followed by Dblood sample
collections. This was initially performed
preferably in probable locations of infection
(PLI) for human cases and then on to adjacent
areas. Samples were collected in July and August
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2014, in the cities of Natividade (-21°02°32”’S; -
41°58°24”0), Porciuncula (-20°57°46S; -
42°02°2770) and Varre-Sai (-20°55°52”S; -
41°52°0770), located in the northwestern RJ.
The fieldwork began 20 days after the first
human death by spotted fever in the region was
confirmed.

Northwestern RJ is predominantly covered by
seasonal semi-deciduous woodland containing
Atlantic Forest vegetation, which is, however,
formed by notably secondary vegetation where
grasslands and pasture are the prevailing
coverage. The Carangola river, an important sub-
tributary of the Paraiba do Sul watershed, runs
through Natividade and Porciuncula and its
tributaries reach the city of Varre-Sai. The
difference between urban and rural areas was
established by the municipalities of the studied
cities. Similar characteristics were noted in urban
and rural areas including environmental
conditions, namely the presence of rivers or
tributaries, tall vegetation, stray dogs and
domestic animals, such as equines, felines and
bovines, and wildlife, such as capybaras.

Natividade and Porciuncula have a warm and
humid tropical climate while Varre-Sai has a
high-altitude tropical climate. The northwestern
RJ has well-defined seasons with dry peaks in
July and August. Average temperatures for the
studied regions during collection months in 2014
were around 21°C with the lowest temperature at
17°C and maximum at 27°C. Average rainfall
was less or equal to 2mm and relative air
humidity around 75 to 80% (INPE, 2016).

The number of animals sampled was determined
using the simple random sampling formula
according to Pereira (2009), rendering a total of
253 samples with an estimated prevalence of
20% (Cunha et al., 2014). The animals were
included in the study after those responsible for
them had signed a free and clarified consent
form. Once contained, without the wuse of
anesthetics or tranquilizers, antisepsis was
performed in venipuncture and blood sample
collection sites, preferably in the jugular vein.
The collected material was stored in EDTA-free
tubes, properly identified and conditioned in ice-
cooled coolers until sera extraction, which was
performed on the same day of sample collection.
Afterwards, sera were stored at -20°C until
serology was performed.
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Slides used for IFA were prepared with R.
rickettsii (Taiagu strain) and R. parkeri (At24
strain) infected vero cells (Pinter and Labruna,
2006; Silveira et al., 2007). Each vero cell batch
was tested for fluorescence capacity at a 1:64
dilution and serology techniques were performed
in accordance with previously established
protocols (Horta et al., 2004). All orifices with
more or less uniform and coccoid, bacillary or
coccobacillary-shaped fluorescent spots were
considered positive. In all slides positive and
negative controls were used. The positive control
was obtained from a dog of endemic area,
naturally infected (Cunha et al., 2014). As the
same, the negative control was from a dog
previously tested. The samples were stored at -
20°C.  Canine fluorescein isothiocyanate
conjugated anti-IgG at a 1:80 dilution (Sigma-
Aldrich Brasil Ltda®, Brasil) was used. Reactive
samples were diluted until negative results were
obtained to attain final titration of each tested
sera.

The frequency of R. rickettsii and R. parkeri
seroreactive dogs was calculated in all of the
studied cities and evaluated response variables at
a 95% significance according to the Chi-square
test (y2) or Fisher’s exact test (SPSS statistics
package version 17).

RESULTS AND DISCUSSION

Samples from 253 dogs were obtained, of which
171 (67.59%) had anti-R. rickettsii antibodies
and 28 (11.07%) were reactive to R. parkeri. The
Table 1 shows the canine seroreactive
distribution for each city.

Table 1. Frequency of reactive sera dogs in
serology with 1:64 titer, using Rickettsia
rickettsii and Rickettsia parkeri impregnated
slides, from the cities of Natividade, Porciuncula
and Varre-Sai (RJ), in July to August 2014

City Reactive sera/tested sera (%)
R. rickettsii R. parkeri
Natividade 63/83 (75.90)  16/83 (19.28)
Porciuncula  75/112 (66.96) 12/112 (10.71)
Varre-Sai 33/58 (56.90)  0/58

The statistical analysis showed no association
between the three studied cities regarding sera
sample proportion of R. rickettsii reactive dogs
(p-value=0.059); however, there was association
between Natividade and Varre-Sai  (p-
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value=0.017). The frequency of R. rickettsii
reactive canine sera was markedly higher than
described in other papers in BSF endemic areas
in the Brazilian southeastern region (Sangioni et
al., 2005; Horta et al., 2007), including five
cities of RJ that are skirted by tributaries of the
Paraiba do Sul river or directly by the Carangola
river (Gazeta et al., 2009; Cunha et al., 2014).
The difference between the frequency described
in literature and those obtained in the present
study can be explained by the epidemiological
moment when the samples were obtained, when
a human spotted fever outbreak occurred few
days before the work filed. This reinforces the
theory that ecological and environmental
conditions can support R. rickettsii circulation
(Angerami et al., 2009; Souza et al., 2015).
These conditions were found in northwestern RJ
such as the presence of flowing water bodies,
equines, capybaras, ticks, scrubland, pasture,
riparian vegetation and stray dogs.

Low frequencies of canine R. parkeri
seroreactive results were obtained, supporting
other studies in municipalities with BSF cases
(Horta et al., 2007; Pena et al., 2009). In addition
to the use of R. rickettsii strain, R. parkeri was
chosen for IFA because is a SFGR and an
emergent pathogen, and using at least two
rickettsia species for IFA, the definitive
diagnostic of infection can be done (Gasser et al.,
2001; Raoult and Parola, 2007; Silva et al., 2011;
Kaskas et al., 2014).

The considerable frequency of R. rickettsii
seroreactive dogs in Natividade can be linked to
specific epidemiological and ecological variables
found in this city, considered PLI of R. rickettsii,
where human infections culminated in death.
This city has a distinct hydrography with the
Carangola river running through the city’s entire
length and even bordering the city’s commercial
center. Studies have shown the importance of
riverside communities regarding the possibility
of human infection by R. rickettsii in endemic
areas, where the majority of PLI are close to
banks of flowing water bodies (Angerami et al.,
2009; Souza et al., 2015; Nasser et al., 2015).

Besides the mentioned information, other
factors can be related to the occurrence of R.
rickettsii in the studied region. A research
performed in a spotted fever endemic area in Sao
Paulo State suggested capybaras (Hydrochoerus
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hydrochaeris) as a potential R. rickettsii
maintaining species in nature (Perez et al., 2008).
The presence of capybaras was widely reported
by interviewed people, with occurrence in altered
landscapes close to human habitats containing
dogs and other domestic animals, in riverside
communities with riparian vegetation and in
human-inhabited urban areas. These
characteristics were decisive for the occurrence
of R. rickettsii in canine sera in other studies
(Perez et al., 2008; Angerami et al., 2009; Souza
et al., 2015; Nasser et al., 2015) and indicate the
importance of ecology and the environment in
the appearance of spotted fever in northwestern
RJ.

BSF cases were linked to R. rickettsii
seroreactive dogs using IFA and antibody titers

found in canine sera decreased in periods
following the human spotted fever outbreak
(Galvdo et al. 2014; Brasil, 2015). Although IFA
does not discriminate between rickettsia species
in cut-off, a four-fold increase in R. rickettsii
antibody titers using comparative analyses with
another rickettsia species such as R. parkeri or
titers above 1:1.024 from a single canine sample
must be found for a definitive diagnosis (Gasser
et al., 2001; Raoult and Parola, 2007). So, to
verify SFGR occurrence in canine sera and
detect the probable causative agent of serology
reactions, each obtained serum was tested to
verify the presence of anti-R. rickettsii and anti-
R. parkeri IgG antibodies until final dilution. The
results found are shown in Table 2.

Table 2. Final titration and number of anti-Rickettsia rickettsii and anti-Rickettsia parkeri
immunoglobulin G antibody reactive canine sera in the cities of Natividade, Porciuncula and Varre-Sai

(RJ) from July to August 2014

Rickettsia rickettsii
Final Number of reactive

Percentage (%) of

Rickettsia parkeri
Number of reactive ~ Percentage (%) of

Titration canine sera reactive canine sera canine sera reactive canine sera
1:64 0 -- 5 17.86
1:128 2 1.17 0 -
1:256 4 2.34 4 14.29
1:512 13 7.60 6 21.43
1:1.024 20 11.70 10 35.71
1:2.048 29 16.96 1 3.57
1:4.096 17 9.94 2 7.14
1:8.192 29 16.96 0 --
1:16.384 26 15.20 0 --
1:32.768 16 9.36 0 -
1:65.536 13 7.60 0 -
1:131.072 2 1.17 0 --

Dilutions of the 171 R. rickettsii reactive canine
sera varied from 1:128 to 1:131.072, while
titrations of the 28 R. parkeri reactive sera varied
from 1:64 to 1:4.096. An experimental study
showed that dogs susceptible to R. rickettsii can
exhibit antibodies titers higher than 2.048, at
least six months after infection (Piranda et al.,
2008).

Cross-reactions may occur between rickettsia
species, therefore, this study performed an
analysis to evidence the frequency of dogs
simultaneously reactive to R. rickettsii and R.
parkeri. Several authors reported that to
determine the etiologic agent, final titrations for
the rickettsia agent causative of the events must
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be at least four-fold higher than other antigens
tested (Gasser et al., 2001; Raoult and Parola,
2007; Horta et al., 2007). Final titrations of the
present study are shown in Table 3.

Table 2 shows that R. rickettsii circulates in
northwestern RJ, and that caused the infection of
many canines. Out of the 21 dogs simultaneously
reactive to R. rickettsii and R. parkeri, 15 lived in
Natividade and six in Porciuncula. The statistical
analysis showed association (p-value<0.001)
between results obtained from the sera of dogs
simultaneously reactive to both rickettsia species,
indicating the relevance of titers obtained for R.
rickettsii at the expense of those obtained for R.
parkeri. However, a possible IFA cross-reaction
was indicated in five (23.81%) of the analyzed
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canine sera samples. It was expected that some
dogs would exhibit high titers for R. rickettsii,
and also some seroreactiveness to R. parkeri.
Knowing that cross-reactions may occur between
rickettsia species (Gasser et al., 2001; Raoult and
Parola, 2007), the titration of the samples was
done. The titers obtained in this study are higher
than others showed in studies previously done in
areas with rickettsia circulation or in BSF
outbreak areas (Horta et al., 2007; Pinter et al.,
2008; Gazeta et al., 2009; Cunha et al., 2014;
Rozental et al., 2015; Cordeiro et al., 2015).

Table 3. Sera titration of dogs simultaneously
reactive to anti-Rickettsia rickettsii and anti-
Rickettsia parkeri immunoglobulin G antibodies
in the cities of Natividade and Porciuncula (RJ)

from July to August 2014
Final titration
Ns;‘;szsf R_icketts_i_a Rickett_sia

rickettsii parkeri
1 1:512 1:64
5 1:65.536 1:1.024
6 1:32.768 1:1.024
8 1:16.384 1:256
9 1:8.192 1:512
10 1:8.192 1:512
11 1:8.192 1:512
12 1:8.192 1:512
15 1:8.192 1:256
18 1:2.048 1:1.024
24 1:512 1:1.024
25 1:1.024 1:256
40 1:4.096 1:512
49 1:512 1:1.024
55 1:8.192 1:64
78 1:65.536 1:64
188 1:65.536 1:4.096
197 1:8.192 1:1.024
201 1:8.192 1:4.096
229 1:1.024 1:1.024
279 1:1.024 1:512

Of the dogs included in this study, 138/253
(54.55%) were classified as crossbreeds. We
noticed that the majority of these dogs were free-
range animals and only one had no access to
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peridomiciliary environments. The dogs lived in
houses with large backyards, farms or other rural
estates which allowed contact with both external
and indoor environments, including scrublands,
pastures and areas with bodies of water such as
rivers, streams, brooks and lakes.

Sex and age were not relevant in R. rickettsii
seroreactivity of the studied dogs, although dogs
less than one year old tended to be seroreactive.
This data conflicts with literature, because in the
present study, blood collection was performed in
BSF outbreak, with a lot of infected dogs (Pinter
et al. 2008; Cunha et al., 2014).

A statistical analysis was performed on R.
rickettsii reactive and non-reactive dogs
considering the habit of going into forest
environments, contact with domestic animals and
wildlife, as can be seen in Table 4.

Most of the dogs did not have access to
woodlands, and statistical analyses showed no
association between dogs that were in constant
contact with these areas and reactivity to R.
rickettsii. Therefore, we notice that frequent
contact of dogs with woodlands is not essential
in the considerable detection of sera reactivity to
R. rickettsii in canines. This result differs from a
study performed in an endemic area of RJ, but
the study shows the importance of dogs in
contact with Amblyomma sp. ticks and with wild
hosts and their parasites to peri-domestic
environment (Cunha et al., 2014). So, regardless
if whether the dogs had constant contact with
riparian woodlands, other important factors can
be attributed to the presence of R. rickettsii in
these endemic areas such as the epidemiological
situation of the studied location and constant
contact of animals with infection-prone
environments, e.g., flowing water bodies,
scrublands and the presence of wild capybaras
(Sangioni et al. 2005; Angerami et al., 2009;
Souza et al., 2015; Nasser et al., 2015). Thus,
this study presents the ecological and
environmental characterization of the occurrence
of R. rickettsii in spotted fever endemic areas in
northwestern RJ.
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Table 4. Forest-visiting habit, contact with equines and capybaras related to positive reactions in 1:64
titrations in indirect immunofluorescence assay for Rickettsia rickettsii in the cities of Natividade,
Porciuncula and Varre-Sai (RJ) from July to August 2014

Variables Number of tested animals ~ Number of reactive animals (%) p-value

Forest environment
Yes 27 17 (62,96) 0.6643
No 226 154 (68,14)

Equines
Yes 105 61 (58.10) 0.0094
No 148 110 (74.32)

Capybaras
Yes 85 54 (63.53) 0.3936
No 168 117 (69.64)

The fact that the studied dogs shared a habitat
with capybaras during the spotted fever outbreak
in northwestern RJ characterizes the importance
of a shared environment between dogs and these
wild animals, regardless of whether the dogs had
constant contact with woodlands, since the
capybaras circulated in both rural and urban
environments along flowing water bodies. Also,
the region’s ixodid fauna is a crucial component
for the occurrence of R. rickettsii in northwestern
RJ (unpublished data). These data warrant
constant epidemiological surveillance of spotted
fever, given the occurrence of BSF-induced
human deaths and the high frequency of R.
rickettsii seroreactive canines that were in direct
contact with humans, ticks and other domestic
animals, such as equines, bovines and felines,
and wild animals, such as capybaras.

According to Tab. 4, 74.32% of dogs that had no
contact with horses were reactive to R. rickettsii,
while 58.10% of dogs who had contact were
reactive. It was expected that the contact with
horses and their ticks could be a risk factor for
the spread of R. rickettsii in endemic areas
(Angerami et al., 2009; Gazeta et al., 2009), but
the result of this study was contrary to literature.
Statistical analysis revealed association between
dogs with no direct contact with horses and
reactivity in IFA, showing that the presence of
horses was not essential for the circulation of R.
rickettsii in the study area. Among the possible
causes, the spread of infected ticks were made by
capybaras, and the horses in the study area were
well maintained, with greater access to medical
and veterinary care than the sampled dogs. And
there was no statistical association between dogs
in contact with capybaras and reactivity in IFA.
Data were collected by observation of the
population for the presence of capybaras in the
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three municipalities studied, and may be
underestimated, since these mammals are well
suited to anthropogenic environments (Perez et
al., 2008) and were widely observed by research
team in riverside areas throughout the Carangola
river.

The capybaras have a high reproductive capacity
and few natural predators (Ferraz et al., 2007)
and the presence and abundance of possible R.
rickettsii vectors are related to areas with
scrublands and riparian woodlands which can
serve as hideouts for wild animals with which
dogs can come in contact (Szabé et al., 2013;
Souza et al, 2015) and can be found in
northwestern RJ. The research was conducted
during a spotted fever outbreak, when canines
were infected by R. rickettsii, and where
favorable  environmental and  ecological
conditions for the maintenance of wild animals
in contact with dogs and, consequently, for ticks
which parasitize them (Szab6 et al., 2013; Souza
et al., 2015). Considering this, we can assert that
canines were exposed to epidemiologically,
ecologically and environmentally favorable
conditions for R. rickettsii infection, regardless
of frequent direct contact with equines and
capybaras. We add to this the adaptiveness of
capybaras to urban environments in the region
based on reports of inhabitants of the studied
cities, where capybaras could even be seen on
city streets in late afternoons near the banks of
water bodies.

Among the risk factors of R. rickettsii
transmission in endemic areas, the presence of
urban and periurban environments, characterized
by their peripheral location to cities, near river
banks or public parks, which contain tall
vegetation and signs of degradation, can be
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mentioned (Souza et al, 2015). These
characteristics were found in the northwestern
RJ, in which many of the sampled animals lived
near farms or other rural areas and accompanied
workers in their daily tasks in town. In urban
areas, a lot of dogs had constant contact with
peridomiciliary environments and lived in
backyards covered in dirt and tall vegetation
(over 20 centimeters tall) and bordering water
bodies which were inhabited by wild capybaras.
Moreover, ectoparasiticide were irregularly
applied on sampled animals. Thus, we can assert
that regardless of the occurrence of seroreactive
canines in urban or rural areas, the peculiar
characteristics of the northwestern RJ yield
important evidences regarding the circulation
and dispersion of R. rickettsii in RJ.

CONCLUSIONS

Based on the data obtained in this study, we
conclude that dogs are important sentinels for R.
rickettsii infection, with serologic diagnosis of
infection in a lot of dogs, with high final
titrations for R. rickettsii. They can be infected
regardless of sex, age, the habit of visiting
woodlands or being in direct contact with
equines and capybaras. Serological diagnosis has
highlighted many dogs infected by R. rickettsii,
and ambient conditions, such as the presence of
flowing water bodies, was important for the
occurrence of Brazilian Spotted Fever in
northwestern of Rio de Janeiro State.
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