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ABSTRACT

In the Guarapiranga dam region located in the metropolitan area of Sdo Paulo, human cases have been reported of Brazilian
spotted fever (BSF), a tick-borne disease caused by the bacterium Rickettsia rickettsii. In this area, R. rickettsii is known to be
transmitted to humans by Amblyomma aureolatum, a typical dog tick that is not associated with horses. In other BSF-endemic
areas, R. rickettsii transmission is associated with Amblyomma sculptum, a tick species that typically infest capybaras and
horses. The Guarapiranga Dam bears abundant populations of capybaras and horses. However, since nothing is known
about a possible cycle of transmission of R. rickettsii by A. sculptum in this area, this study evaluated such transmission by
performing a serosurvey of horses living in the Guarapiranga Dam region. A total of 206 equids living in the margins of the
Guarapiranga Dam were serologically tested for antibodies reactive to five Rickettsia species, four of the spotted fever group
(R. rickettsii, R. parkeri, R. amblyommatis, R. rhipicephali) and one basal group species, R. bellii. Overall, 171 (83%) equids
reacted positively to at least one Rickettsia species. A total of 160 (78%), 123 (60%), 80 (39%), 72 (35%), and 71 (34%), equid
sera reacted to R. bellii, R. rickettsii, R. parkeri, R. rhipicephali, and R. amblyommatis, respectively, with endpoint titers ranging
from 64 to 1024 for R. bellii, and 64 to 512 for the remaining four Rickettsia species. Endpoint titers to R. bellii (median: 256)
was significantly higher (P<0.05) than the endpoint titers to the other four Rickettsia species, for which the median values varied
from 64 to 128. A total of 65 (32%) equid sera showed endpoint titers to R. bellii at least 4-fold higher than those to any of the
other four antigens, indicating that they have been exposed to R. bellii or a very closely related species. Our results provide
serological evidence that the sampled equids were not frequently exposed to R. rickettsii-infected ticks. Since horses are a highly
suitable sentinel for R. rickettsii transmission by A. sculptum, we conclude that this tick species has no epidemiological role
in the transmission of R. rickettsii in the BSF-endemic area of the Guarapiranga Dam in the metropolitan area of Sdo Paulo.
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RESUMO

Na regido da represa de Guarapiranga localizada na area metropolitana de Sao Paulo, tém sido relatados casos humanos
de Febre Maculosa Brasileira (FMB), uma doenga transmitida por carrapatos causada pela bactéria Rickettsia rickettsii.
Nesta area de estudo, R. rickettsii é conhecida por ser transmitida aos seres humanos pelo Amblyomma aureolatum, um
carrapato de cdo que ndo esta associado a cavalos. Em outras dreas endémicas da FMB, a transmissdo de R. rickettsii esta
associada ao Amblyomma sculptum, uma espécie de carrapato que normalmente infesta capivaras e cavalos. A represa
de Guarapiranga possui popula¢des abundantes de capivaras e cavalos; no entanto, como nada se sabe sobre um possivel
ciclo de transmissao de R. rickettsii por A. sculptum nessa area, este estudo avaliou essa transmissao realizando um
levantamento soroldgico em cavalos que vivem na regiao da represa de Guarapiranga. Um total de 206 equideos que
vivem nas margens da represa de Guarapiranga foram testados sorologicamente para cinco espécies de Rickettsia, sendo
quatro do grupo da FMB (R. rickettsii, R. parkeri, R. amblyommatis, R. rhipicephali) e um do grupo basal (R. bellii).
No geral, 171 (83%) equideos reagiram positivamente a pelo menos uma espécie de Rickettsia. Um total de 160 (78%),
123 (60%), 80 (39%), 72 (35%) e 71 (34%), reagiram a R. bellii, R. rickettsii, R. parkeri, R. rhipicephali e R. amblyommatis,
respectivamente, com titulos finais variando de 64 a 1024 para R. bellii e 64 a 512 para as quatro espécies restantes de
Rickettsia. Os titulos finais para R. bellii (mediana: 256) foram significativamente maiores (P <0,05) do que os titulos para
as outras quatro espécies de Rickettsia, para os quais os valores medianos variaram de 64 a 128. Um total de 65 (32%)
equideos, os soros mostraram titulos finais para R. bellii pelo menos quatro vezes maior que os de qualquer um dos
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outros quatro antigenos, indicando que eles foram expostos a R. bellii ou a uma espécie muito proxima. Os resultados
obtidos fornecem evidéncias soroldgicas de que os equideos amostrados ndo eram frequentemente expostos a carrapatos
infectados por R. rickettsii. Como os cavalos sao um sentinela altamente adequado para a transmissdo de R. rickettsii
por A. sculptum, a conclusdo obtida foi que essa espécie de carrapato nao tem papel epidemioldgico na transmissao da
bactéria na area endémica de FMB da represa de Guarapiranga na regidao metropolitana de Sao Paulo.

Palavras-chave: Rickettsia rickettsii. Rickettsia bellii. Teste de imunofluorescéncia. Cavalo. Carrapato.
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Introduction

Brazilian spotted fever (BSF), also known as Rocky
Mountain spotted fever (RMSF) in the United States, is
an anthropozoonosis restricted to the America mainland,
caused by the bacterium Rickettsia rickettsii. In Brazil,
R. rickettsii is transmitted to humans chiefly by two tick
species, Amblyomma sculptum and Amblyomma aureolatum
(Chen & Sexton, 2008; Guedes et al., 2005; Labruna et al,,
2011; Labruna, 2009; Parola et al., 2013; Pinter & Labruna,
2006; Pinter et al., 2011).

Most of the BSF cases in Brazil are associated with
the tick A. sculptum (formerly Amblyomma cajennense
in southeastern Brazil), whose R. rickettsii-infected
populations are sustained mainly by capybaras (Hydrochoerus
hydrochaeris), and horses (Equus caballus) in a lesser extent
(Labruna et al., 2002; Vieira et al., 2004). While R. rickettsii
undergoes transovarial transmission in ticks (McDade
& Newhouse, 1986), R. rickettsii elicits some deleterious
effect on ticks. Hence, the maintenance of the natural cycle
of the bacterium for successive tick generations depends
on horizontal transmission via infected vertebrate hosts
(e.g., capybaras), in order to create new cohorts of infected
ticks (Labruna et al., 2011; Soares et al., 2012).

In BSF-endemic areas, horses might play an important
role because they are primary hosts of A. sculptum, and after
being exposed to a R. rickettsii-infected tick, they develop

an effective humoral response that is usually detectable for
many months through regular serological tests (Ueno et al.,
2016). For this reason, horses can be used as suitable
sentinels for BSF in southeastern Brazil (Sangioni et al.,
2005). It is important to note that horses do not develop
bacteremia to infect susceptible ticks. Therefore, they play
no direct role in the maintenance of R. rickettsii in nature
(Ueno et al., 2016).

BSF has long been described as a disease of transmission
in rural and wild areas. However, peri-urban and urban
areas have been presenting cases in humans, mainly related
to the density of humans residing in small fragments of
remaining forests (Ogrzewalska et al., 2012; Souza et al,,
2015). The State of Sao Paulo has the highest incidence of
BSF cases in humans in the country, where A. sculptum is
the main vector of the disease in the countryside. On the
other hand, in the metropolitan region of Sao Paulo City, an
unique transmission cycle of R. rickettsii involves another
tick species, Amblyomma aureolatum (Horta et al., 2007;
Ogrzewalska et al., 2012), which uses Passeridae birds and
small rodents for immature stages (larvae and nymphs), and
wild carnivores and domestic dogs (Canis familiaris) for adult
ticks (Arzua et al., 2003; Fonseca, 1935; Ogrzewalska et al.,
2012). Since horses are not natural hosts for A. aureolatum
(Horta et al., 2007; Ogrzewalska et al., 2012), they are not
considered to be suitable sentinels for BSF in these areas
where R. rickettsii is transmitted by A. aureolatum.

Recent cases of BSF in the metropolitan area of Sao Paulo
near Guarapiranga and Billings dams were investigated, and
the presence of A. sculptum and A. aureolatum ticks were
recorded through acarological surveys. Infection by R. rickettsii
was detected in A. aureolatum ticks, plus positive canine
seropositivity to R. rickettsii, supporting a transmission cycle
by A. aureolatum (Coordenadoria de Controle de Doengas,
2014). On the other hand, the Guarapiranga Dam bears
abundant populations of capybaras and several locations
with horses. Since nothing is known about a possible cycle
of transmission of R. rickettsii by A. sculptum in this area,
this study evaluated such transmission by performing a
serosurvey of horses living in the Guarapiranga Dam area,
where recent cases of BSF have been reported.
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Material and Methods

The Guarapiranga Dam

The Guarapiranga Dam is supplied by a basin that receives
the same name, by the rivers Capivari, Monos and Taquecetuba
(stream linking the Billings Reservoir). Its extension is of
approximately 630 km?, partially occupying lands of different
cities of the Sdo Paulo metropolitan area, namely Embu-Guagu,
Itapecerica da Serra, Sdo Lourenco da Serra, Juquitiba, Embu
and Sao Paulo. Nearly 800,000 inhabitants are estimated to
live on its banks and 60% of them are residents in the city
of Sao Paulo (Companhia de Saneamento Basico do Estado
de Sao Paulo, 2008).

Horse blood collection

This study was been approved by the Institutional
Animal Care and Use Committee (IACUC) of the Faculty of
Veterinary Medicine of the University of Sdo Paulo (protocol
No. 4329041116). After previous authorization by horses’
owners, 5 ml of blood samples were collected in clean and
dry glass tubes through a puncture of the jugular vein using
the vacutainer system. Samples were identified according
the animal number, properties, species and gender, and
were later stored in isothermal boxes filled with ice and
taken to the laboratory, where samples were centrifuged at
12.000 g for 10 min to separate the blood serum that were
aliquoted in microtubes and cryopreserved at -20°C until
serological analysis.

Indirect Imnmunofluorescence Assay (IFA)

Horse sera were tested by IFA against antigens of
fie Rickettsia species, for belonging to the spotted fever
group, R. rickettsii (strain Taiagu), R. parkeri (strain
At24), R. amblyommatis (strain Ac37), and R. rhipicephali
(strain HJ#5), and a fifth species, R. bellii (strain Mogi), which
belongs to the basal group of the genus Rickettsia. Reactions
were performed as previously described (Horta et al.,
2004). Known positive and negative control sera from the
study of Ueno et al. (2016) were used in each slide. Horse
sera were initially diluted in 1:64 of PBS (0.1 M, pH7.2)
and applied upon slides previously sensitized with the
antigens, and then incubated in humid chamber at 37°C
for 30 min. The slides were then washed twice with PBS
and dried at environmental temperature. After drying, a
goat anti-horse IgG fluorescein isothiocyanate conjugate
(Sigma, St Louis, MO, USA) was applied at the dilution
of 1:1200 of PBS to the slides, which were incubated in
humid chamber at 37°C for 30 min. After that, the slides
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were washed twice with PBS containing 0.02% Evans
blue and dried at environmental temperature. Dried
slides were mounted with glass coverslips over buffered
glycerin solution and read in an ultraviolet microscope
at the 40x objective (Olympus, Tokyo, Japan). Sera with
reactivity at the 1:64 dilution were titrated at 2-fold
increments to the endpoint titer to each of the rickettsial
antigens. Serum showing for a Rickettsia species titer
at least 4-fold higher than that observed for any other
Rickettsia species was considered homologous to the
first Rickettsia species or a very closely related species
(Horta et al., 2004; Ueno et al., 2016).

Statistical analyses

Equid endpoint titers to the five Rickettsia species were
compared by the non-parametric Mann-Whitney test.

Results

Samples of 206 resident equids (188 horses, 13 mules,
3 mini horses, and 2 ponies) from the margins of the
Guarapiranga Dam were collected from eight private
properties, where the animals were used for leisure, local
work (mini-farm show, horse riding, equine therapy),
pilgrimages and sports competitions. Among the animals
collected, 24.3% were females and 75.7% males.

Of the 206 equids tested by IFA, 171 (83%) reacted
positively to at least one Rickettsia species. A total of 160 (78%),
123 (60%), 80 (39%), 72 (35%), and 71 (34%), equid sera
reacted to R. bellii, R. rickettsii, R. parkeri, R. rhipicephali,
and R. amblyommatis, respectively, with endpoint titers
ranging from 64 to 1024 for R. bellii, and 64 to 512 for
the remaining four Rickettsia species. Only eight animals
reacted with another Rickettsia species without reacting
with R. bellii. Endpoint titers to R. bellii (median: 256)
was significantly higher (P<0.05) than the endpoint titers
to the other four Rickettsia species, for which the median
values varied from 64 to 128 (Figure 1).

A total of 65 (32%) equid sera showed endpoint titers to
R. bellii at least 4-fold higher than those to any of the other
four antigens. The antibody titers in these 65 equids were
considered to have been stimulated by R. bellii or a very
closely related species. Based on this criterion, a single serum
was considered to have been stimulated by R. rickettsii or
a closely related species. For the remaining equids, it was
not possible to discriminate the infection agent, because
they displayed similar titers (< 4-fold difference) for two
or more Rickettsia species or had a single titer of 64 for a
single Rickettsia species.
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Figure 1. Boxplot representing the serological endpoint titers for five Rickettsia species of equids from the Guarapiranga Dam in
Brazil. Different lower case letters mean statistically different (P<0.05) endpoint titers between Rickettsia species.

Discussion

We tested a sample of 206 equids for seroreactivity to
five Rickettsia species, which included four of the spotted
fever group (R. rickettsii, R. parkeri, R. amblyommatis,
R. rhipicephali) and one basal group species, R. bellii.
The obtained results indicated that most of the seropositive
horses displayed highest endpoint titers to R. bellii. Hence,
most of the seroreactivity to spotted fever group species
were probably cross-reactions, indicating that these horses
had not been exposed to spotted fever group agents.
The only exception was a single horse that had an endpoint
titer 4-fold higher for R. rickettsii than for the remaining
four Rickettsia species. This single horse might have been
exposed to a R. rickettsii-infected tick. However, this unique
finding among a sample of 206 sampled horses excluded
the participation of A. sculptum in the transmission of
R. rickettsii in the Guarapiranga Dam area, where horses have
been frequently infested by A. sculptum (data not shown).
This statement is supported by previous studies in other
BSF-endemic areas in Sao Paulo state, where R. rickettsii
is transmitted by A. sculptum and most of the seropositive
horses had highest titers to R. rickettsii (Horta et al., 2004;
Vianna et al., 2008). Moreover, it is possible that this single
horse with highest titer to R. rickettsii might have been
infested by a R. rickettsii-infected A. aureolatum tick, since

this tick species, while not a common parasite of horses
(Guglielmone et al., 2003), has been found with a =10%
R. rickettsii-infection rate in the metropolitan area of Sdo
Paulo municipality (Ogrzewalska et al., 2012).

A high number of equids presented serological evidence
of exposure to R. bellii or a closely related agent. Indeed,
R. bellii has been reported as the most common Rickettsia
species infecting ticks in Brazil (Krawczak et al., 2018;
Labruna et al., 2011). However, it is not a common agent
that infects typical ticks of horses, namely A. sculptum and
Dermacentor nitens (Labruna et al., 2011). Since R. bellii
represents a rickettsial basal group that includes a variety
of closely related agents infecting leeches, insects, protozoa,
or even plants (Murray et al., 2016; Weinert et al., 2009),
we did not exclude the possibility that any of these other
organisms could be related to the R. bellii high seropositivity
in the present study, a condition yet to be investigated.

The BSF-confirmed cases on the margins of the
Guarapiranga Dam have been concentrated in a single
region (indicated in Figure 2). When these cases occurred,
an epidemiological survey was carried out in the area by
official Health Organs, when blood samples were collected
from dogs, cats and horses. While horses were seronegative
to R. rickettsii, dogs and cats were found to have highest
antibody titers to R. rickettsii, and this agent was also identified
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Figure 2. Location of the equid properties sampled in the present
study among the margins of the Guarapiranga Dam
in the Municipality of Sao Paulo, Brazil.

by polymerase chain reaction (PCR) in A. aureolatum ticks
parasitizing the sampled dogs (CCD, 2014). The equids
examined in the present study used to graze on properties
in the margins of the Guarapiranga Dam. During flood
periods, wild animals, mainly capybaras, approached
these properties to feed on grass lands(unpublished data).
In addition, many of these equids circulate throughout the
Guarapiranga Dam margins on routine tours. Our results
provide serological evidence that these horses are not
frequently exposed to R. rickettsii-infected ticks. Since horses
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