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A B S T R A C T

This study aimed to evaluate the infection of the marsupial Monodelphis domestica (the gray short-tailed
opossum) by Rickettsia parkeri and its role as an amplifier of the bacterium for Amblyomma ticks. Ten M. do-
mestica males were inoculated with phosphate-buffered saline (PBS) and 106 Vero cells infected with R. parkeri.
In seven animals, inoculation was intramuscular, and in three intraperitoneal. One male (control) received 1 ml
of the same vehicle used for inoculation intraperitoneally. The three animals inoculated intraperitoneally were
infested with uninfected A. sculptum larvae and nymphs between the 2nd and 9th day post-infection (DPI).
Parasitemia was monitored from the 3rd to 9th DPI by polymerase chain reaction, using primers for 17 kDa and
ompA. The animals were also clinically evaluated. Of the animals infected intramuscularly, only one was blood-
positive by the 5th DPI. The three animals infected intraperitoneally were blood-positive on the 2nd, 5th, 7th,
and 9th DPI. Of the ten pools of recovered engorged ticks, six had positive bands. The kidney, liver, heart, and
spleen of an intramuscularly infected animal were also positive. The rectal temperature of the animals tested
increased only in the first three DPI. The animals inoculated intraperitoneally showed prostration, bristled hair,
and weight loss. The study found that R. parkeri was capable of infecting M. domestica, which developed rick-
ettsemia and caused infection in xenodiagnostic ticks.

1. Introduction

Rickettsia parkeri is a Gram-negative bacterium belonging to the
spotted fever group of rickettsiae, and was first isolated in 1939 by
Parker et al. (1939). In South America, the etiological agent was de-
tected for the first time in the tick Amblyomma triste (Venzal et al.,
2004). In Brazil, there are reports of non-fatal cases of rickettsial dis-
ease, possibly linked to the R. parkeri strain Atlantic rainforest. Am-
blyomma ovale is the main vector for this strain (Sabatini et al., 2010).
However, in some regions, A. triste may be involved in transmission
(Silveira et al., 2007). Because of a deleterious effect caused by R.
parkeri, infected ticks may disappear from the tick population in the
long term, unless new lineages of infected ticks are created through
horizontal transmission via amplifier vertebrate hosts, which remain
unknown for R. parkeri (Nieri-Bastos et al., 2013).

Some wild animals have been recognized as amplifiers of patho-
genic rickettsiae such as R. rickettsii. Among them, marsupials (Horta
et al., 2009), which are small in size, crepuscular, and nocturnal, in-
crease the possibilities of dispersal of or recolonizing by ticks (Perez

et al., 2008). Monodelphis domestica (the gray short-tailed opossum) is a
small marsupial native to South America (Mikkelsen et al., 2007). This
species has been used in various experimental studies in different parts
of the world, being the first marsupial species to have its genome
completely sequenced (Mikkelsen et al., 2007).

In Uruguay, the marsupial Monodelphis dimidiata (the yellow-sided
opossum) is recognized as a natural host for A. triste, the main vector of
R. parkeri in the country (Venzal et al., 2008). The aim of this study was
to evaluate the infection of M. domesticabyR. parkeri, and the compe-
tence of the marsupial to transmit the infection to larvae and nymphs of
A. sculptum. This would help determine whether the marsupial may be
characterized as a species that is able to amplify R. parkeri.

2. Materials and methods

This study was conducted in accordance with ethical principles of
animal experimentation, having been approved by the Ethics
Committee of the Universidade Federal Rural do Rio de Janeiro
(UFRRJ) for use of animals under protocol number 107/2014. Fifteen
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M. domestica adult males, aged 6–24 months, were provided by the
Central Animal Laboratory of the Federal University of Mato Grosso do
Sul for use in the experiment. The animals were kept in individual
polypropylene boxes, with wood shavings as bedding. Each day, they
received a pelleted ration (CatChow Purina®), following recommenda-
tions from the laboratory of origin, and water ad libitum. The environ-
ment was provided with ideal ventilation conditions, with air con-
ditioning maintained at room temperature (∼26 °C) to prevent excess
odors. The living environment was under a small plastic shelter, used as
environmental enrichment, because M. domestica is nocturnal and lives
in burrows in the ground.

The R. parkeri strain, At24, used for M. domestica infection was
originally isolated from one free-living adult A. triste tick in the city of
Pauliceia, São Paulo state, Brazil (Silveira et al., 2007). For this study,
an aliquot of R. parkeri frozen in liquid nitrogen was thawed and in-
oculated into a 75-cm2

flask containing a monolayer of Vero cells in
Dulbecco's modified Eagle’s medium (DMEM). When the monolayer
was close to 100% infected (7th day post-infection [DPI]), it was de-
tached from the bottom of the flask and transferred to a 15-ml poly-
propylene tube and centrifuged at 5300 × g for 10 min at a tempera-
ture of 4 °C. The DMEM medium was removed and the infected cells
were resuspended in an adult tick macerate, which was used as the
vehicle for inoculation of R. parkeri, as described below.

The A. sculptum ticks used in the study belonged to a colony
maintained by the Laboratory of Parasitic Diseases – UFRRJ, and were
free of rickettsial infection, as confirmed by the negative results ob-
tained in the evaluation of their ancestors through polymerase chain
reaction (PCR) using gltA and ompA primers (described below). Unfed
A. sculptum adults were maintained at 37 °C and 80% relative humidity
for 24 h. Fifteen couples were then immersed in alcohol for 10 s; fol-
lowing this, they were washed in 1% hypochlorite and distilled water.
The ticks were then transferred to a beaker and macerated with the aid
of a pestle. The macerated tick mass was suspended in PBS, homo-
genized, and then transferred to a 15-ml polypropylene tube and cen-
trifuged at a rate of 500 × g for 5 min. The supernatant was used as the
vehicle for inoculation of R. parkeri.

Fifteen M. domestica individuals were divided into four groups: G1,
seven animals inoculated intramuscularly with a concentration of 106

Vero cells infected with R. parkeri per milliliter; G2, three animals in-
oculated intraperitoneally with a concentration of 106 Vero cells in-
fected with R. parkeri per milliliter; G3, one animal inoculated in-
traperitoneally with macerated ticks as a control; and G4, two
uninoculated couples as a healthy group for comparison of clinical
parameters. The animals were evaluated daily, and their rectal tem-
perature was taken up to the 15th DPI, according to Goddard (2003).
One G1 animal that had a temperature above 35 °C (the highest re-
corded for M. domestica in this study) for three consecutive days was

euthanized, and necropsies of its spleen, heart, kidney, and liver were
performed to detect the presence of R. parkeri by PCR. Each G2 animals
was infested with tick life stages by placing on its back 30 nymphs and
∼2000 larvae of unfed A. sculptum ticks on the 2nd, 5th, 9th and 15th
DPI.

The attached and engorged ticks were recovered on 5–7 DPI, and
were stored at −20 °C until their DNA was extracted. Each animal’s
blood was collected through the tail vein with a needle and heparinized
microhematocrit at 0, 3, 5, 7, and 9 DPI. After collection, the blood was
also stored at −20 °C until DNA extraction. Ticks recovered after en-
gorgement were pooled according to recovery day and animal. The
pooled ticks were washed in sterile distilled water three times prior to
DNA extraction. Then, 200 μL of PBS, seven 2-mm zirconium oxide
beads, and 80 mg of 0.1 mm glass beads were placed, together with the
ticks, in a BIOSPEC® Mini-Beadbeater for milling for 1 min. DNA was
extracted from the blood sample from each animal, organs recovered
from the euthanized G1 animal (the kidneys, heart, liver, and spleen),
and ticks using a DNeasy Blood and Tissue Kit (QIAGEN®), using the
manufacturer's recommended protocol for DNA extraction from animal
blood and tissue.

The presence of rickettsia DNA was detected by PCR using the pri-
mers CS-78/CS-323 and Rr190.70p/Rr190.602n, which amplify the
gltA and rickettsia ompA genes (Labruna et al. (2004), and the primers
17kD1 and 17kD2, which amplify a fragment of the htrA rickettsia gene
(Webb et al. (1990). The PCR mixtures and thermal conditions used
were those previously described by Santolin et al. (2013). The PCR
products from the blood, organs, and tick samples that amplified the
positive bands were subjected to sequencing. The resulting sequence
was compared to GenBank data by Basic Local Alignment Search Tool
(BLAST) analysis.

3. Results

On the first three DPI, there was an increase in rectal temperature in
the animals in the G1 and G2 groups, whereas there was a slight decline
in the G3 and G4 groups (Fig. 1). The rectal temperatures of the un-
infected animals ranged from 32.0 °C to 34.8 °C. Among the infected
animals, G1 had a minimum rectal temperature of 32.1 °C and a max-
imum of 35.6 °C, while G2 ranged between 32 °C and 35.6 °C. As ex-
pected, no animals from the uninfected groups (G3 and G4) showed any
signs or symptoms of infection. Two G2 animals were agitated after
intraperitoneal inoculation, in addition to shivering on the 2nd and 3rd

DPI and showing a decrease in body score up to the 9th DPI with sub-
sequent normalization, and prostration of one animal by the 8th DPI.

In relation to infestation by A. sculptum ticks, recovery of feeding
larvae and nymphs was low, as shown in Table 1. In the days following
infestation, it was possible to observe unfed nymphs circulating in the

Fig. 1. Average rectal temperature of Monodelphis domestica in-
fected with or uninfected with Rickettsia parkeri strain At24,
measured daily for 15 days after infection. G1, animals inoculated
intramuscularly with a concentration of 106 Vero cells infected
with R. parkeri per milliliter; G2, animals inoculated in-
traperitoneally with a concentration of 106 Vero cells infected
with R. parkeri per milliliter; G3, animals inoculated in-
traperitoneally with macerated ticks; G4, uninoculated healthy
group.
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cages. The larvae were attached between hairs on various parts of the
opossum’s body, while the nymphs were only found on the front paws
and around the anus. The presence of R. parkeri DNA was verified in
samples from G1 and G2; only one animal from the G1 group was po-
sitive, while all three G2 animals presented as positive.

Molecular evaluation of the ticks, using primers for the htrA and gltA
genes, revealed that seven of the nine samples of ticks (six individuals’
ticks and three pools of ticks from the same animal on the same re-
covery day) recovered after total engorgement were positive. When
tested for the ompA gene, only two were positive, one being negative for
the htrA gene. The kidney, heart, liver, and spleen fragments of the
euthanized animal amplified specific products when tested by PCR for
the htrA and gltA genes, but only the heart was positive for the ompA
gene. Only one larva recovered on the 11th DPI was not positive for any
of the evaluated genes. DNA sequences were successfully obtained from
positive PCR product generation from the infected animals, resulting in
sequences that were 100% identical to the corresponding sequence of
the R. parkeri strain At24 in GenBank (EF102236).

4. Discussion

The results of this study demonstrate the susceptibility of the mar-
supial M. domestica to R. parkeri infection, shown by increased rectal
temperature, bristled hair, and prostration. Horta et al. (2009) found
that R. rickettsii was capable of infecting opossums without causing
illness or development of rickettsemia, and of causing infection in
Guinea pigs and ticks, although the infection rate in ticks was low. In
none of the animals was there a scrotal reaction, as reported by
Goddard (2003) in a study using Guinea pigs. In addition, the increase
in rectal temperature for three days in M. domestica infected by R.
parkeri occurred differently compared to the results for Guinea pigs, as
reported by Goddard (2003) and Horta et al. (2009). Brustolin et al.
(2018) also demonstrated acute infection of subclinical character by
experimental infection of Guinea pigs with the R. parkeri strain Atlantic
rainforest for A. ovale nymphs. This suggests that the infection char-
acteristics are less pathogenic for the etiological agents of Brazilian
spotted fever.

There is a paucity of data in the literature on the normal parameters
of rectal temperature in M. domestica. Observations for the G3 and G4
animals showed that the normal rectal temperature of this species in
captivity varied between 32 °C and 34.5 °C. In this study, the animals
presented intermittent rickettsemia for at least 15 days; in addition, R.
parkeri DNA was detected in kidney, heart, liver, and spleen fragments.
Horta et al. (2009) observed rickettsemia, also intermittent for up to 26
days, in Didelphis aurita (the big-eared opossum) experimentally in-
fected with R. rickettsii. The bacteremia caused by R. rickettsii reported
for capybaras, small rodents, and lagomorphs lasted for 7–12 days
(Burgdorfer, 1988; McDade and Newhouse, 1986; Souza et al., 2009).
Nonetheless, Brustolin et al. (2018) were not able to detect the presence
of R. parkeri DNA in Guinea pig tissue.

Using real-time PCR, Horta et al. (2009) found only one individual
of D. aurita (out of four) to be positive for R. parkeri by the 8th DPI.
Likewise, a single tick (A. sculptum) that had fed on an intraperitoneally

infected opossum appeared positive by PCR. The success of R. parkeri
infection of M. domestica, with the detection of rickettsemia and the
competence to transmit the bacterium to ticks, may be linked to a re-
activation of pathogenicity, possibly due to the addition of the ma-
cerated homogenate of ticks maintained at 37 °C for 24 h. The increase
in temperature and the feeding stimulus and molting process of ar-
thropods are important in controlling the virulence of rickettsia in the
vector (Galletti et al., 2013; Gilford and Price, 1955; Spencer and
Parker, 1923).

Our study also detected R. parkeri in the total DNA of A. sculptum
recovered after feeding on infected animals. However, this result does
not demonstrate R. parkeri infection of A. sculptum. It simply implies
that there was rickettsial DNA inside the tick, possibly only in the blood
or the midgut, or even in inactivated rickettsia or DNA free of rick-
ettsiae. Amblyommasculptum is not a natural host for R. parkeri, but
natural infection of ticks by this agent has been reported for different
Amblyomma species. Sangioni et al. (2005) showed that R. parkeri can
infect A. sculptum under experimental conditions; however, its potential
role in transmitting R. parkeri in nature requires further investigation.

Monodelphis domestica used in this study is not an appropriate host
for the larvae and nymphs of A. sculptum, as indicated by their low
recovery after infestation. Although the tick has a low affinity, A.
sculptum nymphs have been found naturally parasitizing M. domestica in
areas of high infestation in the Pantanal Matogrossense (Ramos, 2013).
In the state of Maranhão, Reis et al. (2008) collected Amblyomma
nymphs from M. domestica, but could not identify them to species level.
Saraiva et al. (2012) collected two larvae of A. sculptum from M. do-
mestica captured in a municipality in the state of Minas Gerais. In Ur-
uguay, M. dimidiata is one of the main hosts of A. triste in the immature
phase (Venzal et al., 2004). Although there are no reports of M. do-
mestica being infested by A. triste or infected by rickettsiae, the present
study suggests that it is a possible amplifier of R. parkeri.
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