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A B S T R A C T

In Brazil, Spotted Fever (SF) is caused by Rickettsia rickettsii and Rickettsia parkeri strain Atlantic Forest. In recent
years, several human cases of a milder SF have been reported from the Maciço de Baturité region of Ceará State.
Previous studies in this region found R. parkeri strain Atlantic Forest to be present in Rhipicephalus sanguineus
sensu lato and Amblyomma ovale ticks. The present study isolated and identified the Rickettsia spp. present in this
new endemic area in Brazil. In March 2015, R. sanguineus s.l. and A. ovale were collected in rural areas of the
Maciço de Baturité region, and subjected to the isolation technique. A bacterium was isolated from one R.
sanguineus s.l., which phylogenetic analysis clustered to the R. rickettsii group. In conclusion, R. rickettsii bacteria
is circulating in the studied area and may in future have an impact on the clinical diagnoses and consequently
cause changes in the profile of the disease in the region. In addition, we suggest the increase of epidemiological
and environmental surveillance in the area, in order to prevent Brazilian Spotted Fever cases.

1. Introduction

In Brazil, Spotted Fever (SF) has been shown to be caused by
Rickettsia rickettsii and Rickettsia parkeri strain Atlantic Forest (Labruna
2009; Oliveira et al., 2016b; Paddock et al., 2017). Rickettsia rickettsii is
the agent of Brazilian Spotted Fever (BSF), and has been implicated as
the pathogen in all SF cases in Brazil that have involved death. The
highest incidence of BSF occurs in areas with high densities of
Amblyomma sculptum ticks, a species that is part of the Amblyomma
cajennense sensu lato species complex (Szabó et al., 2013b; Nava et al.,
2014; Oliveira et al., 2016a,b). The SF caused by R. parkeri strain
Atlantic Forest is characterized as a milder disease (Spolidorio et al.,
2010; Silva et al., 2011; Krawczak et al., 2016a), and its main vector
appears to be the tick Amblyomma ovale. This suggests that this species
may be important in the epidemic cycle in different SF types in various
areas of Brazil where SF occurs (Szabó et al., 2013a,b; Moerbeck et al.,

2016; Vizzoni et al., 2016; Krawczak et al., 2016b). In addition, this
species of bacterium has been detected in the same tick species from
areas in Brazil where mild SF has yet to be recorded (Melo et al., 2016).

In the last five years, several human cases of the milder SF were
reported in the Maciço de Baturite region, Ceará State, northeastern
Brazil (Oliveira 2016; Oliveira et al., 2016b). This region has a set of
very specific geoecological characteristics, including high altitude
Atlantic Forest fragments in the Caatinga biome and a semiarid climate
(Santos et al., 2012; Moerbeck et al., 2016). Previous studies have
identified pathogenic rickettsiae infecting potential vectors in this
region, specifically recording the presence of R. parkeri strain Atlantic
Forest in Rhipicephalus sanguineus sensu lato and A. ovale ticks
(Moerbeck et al., 2016). Indeed, it has been suggested that R. parkeri
strain Atlantic Forest may be involved in the epidemic cycle (Moerbeck
et al., 2016). However, there the identity of the circulating Rickettsia
spp. species, essential to effective SF control, is currently unknown.
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Consequently, in the current study we isolated and identified the
Rickettsia spp. circulating in this new endemic area of a mild SF in
Brazil.

2. Materials and methods

2.1. Study area

In March 2015, a total of 125 adult ticks were collected from 25
domestic dogs in rural areas of six municipalities (Baturité,
Guaramiranga, Mulungu, Aratuba, Pacoti, and Redenção), in the
Maciço de Baturite region of Ceará State, Brazil. Collections were
carried out in collaboration with 4th. Regional Health Coordinating
Agency of Ceará State Health Department. Subsequently, the ticks were
transported alive to the biosafety level 3 laboratory of Divisão de
Epidemiologia e Controle de Doenças (DECD) at Fundação Ezequiel
Dias – FUNED, Belo Horizonte, Minas Gerais, Brazil.

2.2. Tick identification

The ticks were identified as R. sanguineus sensu lato and A. ovale
using taxonomic keys (Barros-Battesti et al., 2006). Forty eight ticks (9
R. sanguineus s.l. and 39 A. ovale) were selected and subjected to the
Rickettsiae isolation technique previously described by Kelly et al.
(1991) and Labruna et al. (2004), but with some modifications
developed during this study.

2.3. Isolation of Rickettsiae

Ticks were individually disinfected for 10 min in iodine alcohol and
then washed several times in sterile Milli-Q water. Then, with a sterile
scalpel, a section was made at the base of the capitulum. After being
separated from the body, this was macerated with a drop of MEM
(Sigma-Aldrich) containing 10% bovine calf serum (BCS), iron enriched
(Hyclone) and antibiotics (10U penicillin/mL and 10 μg streptomycin/
mL). Each homogenate was inoculated into a well, giving in total two
24-well plates containing a confluent monolayer of Vero cells. After
inoculation, the plates were centrifuged for 1 h at 400g at room

temperature. 1 mL of the same culture medium was added and
incubated at 28 °C without CO2. The level of infection was monitored
every 7 days using Gimenez staining (Giménez, 1964). If Rickettsia-like
organisms were seen, the monolayer containing the bacteria was
harvested and inoculated in a new well of a 24-well plate or 25 cm2

flasks containing a monolayer of confluent uninfected Vero cells.

2.4. Molecular characterization of the rickettsial isolates

For the molecular characterization of isolated bacteria, samples of
infected cells from the eleventh Vero cell passage were subjected to
DNA extraction using a QIAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany), as recommended by the manufacturer, and tested by PCR
using previously described primer pairs that targeted fragments of the
rickettsial genes htrA (17 kDa) and sca4 (geneD) (Webb et al., 1990;
Sekeyova et al., 2001; Labruna et al., 2004).

Amplified products were purified using NucleoSpin® Gel and PCR
Clean-up kit (Macherey-Nagel, Düren, Germany) according to manu-
facturer’s instructions and sequenced using an automated ABI 3730xl
DNA analyzer (Applied Biosystems®, Foster City, CA, USA), following
the protocol given by Otto et al. (2008). Sequence editing was
performed with Lasergene software packages (DNASTAR, Madison,
WI). To perform phylogenetic analysis, the neighbor-joining method
(Tamura et al., 2011) was applied with Kimura two-parameter as the
correction model (Kimura 1980), with bootstrap values obtained from
1000 randomly generated trees. Sequences generated in this study were
deposited in GenBank with accession numbers KX356605 and
KX356604, for htrA and sca4 genes, respectively.

3. Results

Coccobacillary organisms were found on the 21st day in two isolates
from R. sanguineus s.l. and A. ovale ticks. Theses isolates were
contaminated by extracellular bacteria and discarded. All isolates with
null growth were also discarded. Rickettsia-like organisms were visua-
lized on the 28th day and were successfully isolated from a one well (1/
48). The isolate, designated as RS#8, was obtained from a R. sanguineus
s.l. collected in Baturité municipality and was maintained with twelve

Fig. 1. Phylogenetic tree of concatenated rickettsiae htrA and sca4 genes constructed by the neighbor-joining method, using 2-Kimura-parameters evolutionary model with MEGA 5.2
software. Bootstrap values below 70% were not shown. The black triangle indicates sequences obtained in the current study, as a result of molecular analyzes carried out on an Rickettsia
spp. found infecting a Rhipicephalus sanguineus sensu lato tick removed from a dog in Baturité municipality, Ceará State, Brazil.
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passages in Vero cell culture.
A DNA sample of the infected Vero cells was subjected to a PCR that

targeted the rickettsial genes htrA and sca4. After sequencing, a 394-
nucleotide sequence of htrA gene, and a 720-nucleotide sequence of
sca4 gene, showed similarity values of 99% with GenBank sequences for
several R. rickettsii isolates. For sca4 gene, the sequence had an identity
matching of 99% (703/704) with R. rickettsii isolates and 98% with R.
parkeri str. Portsmouth (689/704) (CP003341), and R. parkeri strain
Atlantic rainforest LIC4733 (601/614) (KX034216). Phylogenetic in-
ferences obtained with a concatenated sequence (1114 bp) of htrA and
sca4 clustered the isolated RS#8 into the R. rickettsii group (Fig. 1). In
addition, a phylogenetic tree was obtained with the sca4 sequences
(619 bp) of the isolate RS#8 and R. parkeri strain Atlantic rainforest
LIC4733 from Rio Grande do Sul State, southern Brazil (Fig. 2).

4. Discussion

The current study reports the identification and isolation of a
Rickettsial strain from a naturally infected R. sanguineus s.l. collected
in the region of Maciço de Baturité, Ceará State, a new endemic area for
SF in Brazil (Oliveira, 2006). In this region, the clinical-epidemiological
characteristics of the cases indicate the occurrence of a mild SF, with R.
parkeri strain Atlantic rainforest being the most likely pathogen
(Moerbeck et al., 2016; Oliveira 2016).

Phylogenetic analysis performed with a concatenated sequence of
sca4 and htrA genes showed the RS#8 isolate to be most closely related
to R. rickettsii (Fig. 1). In addition, an analysis performed using only
sca4 gene showed that the isolate was phylogenetically distant from R.
parkeri strain Atlantic rainforest, the other pathogenic species pre-
viously identified at the collection site of the tick analyzed here
(Moerbeck et al., 2016) (Fig. 2).

In Brazil, R. sanguineus s.l. ticks seem to be involved in some BSF
cases. This tick species have been indicated as the probable vector of a
R. rickettsii strain which caused the death of five employees of a dog
shelter in an urban area in southeastern Brazil (Rozental et al., 2015).
Although the reports of R. sanguineus s.l. parasitizing humans are not
frequent in Brazil (Dantas-Torres et al., 2006; Serra-Freire et al., 2011),
it should be noted that, under both laboratory and natural conditions, it
has been shown that R. sanguineus s.l. can act as a vector for R. rickettsii

(Piranda et al., 2011; Eremeeva et al., 2011).
In southeast Brazil, where most BSF cases have been recorded, the

disease occurs mainly within an already established ecological scenario,
with high levels of A. sculptum environmental infestations maintained
either by its principal host, the capybara (Hydrochoerus hydrochaeris)
and horses (Equus caballus), or involving A. aureolatum and domestic
dogs living close to forested areas (Szabó et al., 2013b; Souza et al.,
2016; Pinter et al., 2016). Some of the ecological characteristics of A.
sculptum in southeastern Brazil indicate that it is favored by anthropic
factors and associated with the Cerrado biome (Veronez et al., 2010;
Szabó et al., 2013b). However, this tick is not often found in the
Atlantic rainforest biome, although it may appear soon in degraded
areas of this former closed forest vegetation type (Szabó et al., 2009).

The fragmentation of natural environments due to their conversion
to anthropized habitats can result in loss of biodiversity (Didham et al.,
1996; Viana and Pinheiro 1998), which can lead to an ecological
imbalance in parasite-host interactions, with the possible establishment
of novel infectious and/or parasitic diseases (Schmidt and Ostfeld 2001;
Queirogas et al., 2012). Such areas under heightened anthropic
pressure are especially prone to SF cases (Corrêa and Passos, 2001;
Pinter et al., 2016), notably when they meet such predisposing factors
as ticks, Rickettsia pathogens and humans in combination.

The epidemic cycle associated with R. rickettsii is not yet established
in the area of the Maciço de Baturité, since the vectors of R. rickettsii in
Brazil, are currently found at very low frequency in the region
(Moerbeck et al., 2016). However, it is possible that the anthropization
of the environment where R. parkeri strain Atlantic rainforest and mild
SF currently occurs, may cause a change in the clinical profile of the
disease. This could result in the appearance of serious cases or deaths,
due to a change in the population of potential BSF vectors in the area,
and a likely increase in the circulation of R. rickettsii.

5. Conclusion

Although serious cases have yet to be reported in the region of the
Maciço de Baturité, the detection of R. rickettsii in the studied area,
infecting R. sanguineus, a species with a recognized vectorial capacity to
Rickettsia, alert to possible changes in the profile of the disease and,
consequently, to the grave impact to the public health on the region.

Fig. 2. Phylogenetic tree of rickettsiae sca4 gene constructed by the neighbor-joining method, using 2-Kimura-parameters evolutionary model with MEGA 5.2 software. Bootstrap values
below 70% are not shown. The black triangle is isolate RS#8 and the star is Rickettsia parkeri strain Atlantic rainforest from Rio Grande do Sul State, southern Brazil.
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Thus, in conclusion, we suggest the increase of epidemiological and
environmental surveillance in the area, in order to prevent BSF cases.
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