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Abstract

Several cases of human rickettsiosis caused by Rickettsia parkeri were recently documented in the Parana River
delta of Argentina, where the tick vector is Amblyomma triste Koch. As cattle suffer recurrent A. triste infesta-
tions, they are at risk of becoming infected with R. parkeri. Herein we investigated the dynamics of R. parkeri
and its A. triste vector in a herd of beef cattle. Cattle were followed for 18 mo and samples were analyzed for the
presence of antibodies against four Rickettsia species (R. parkeri, Rickettsia bellii, Rickettsia amblyommii, and
Rickettsia felis) and also for the presence of rickettsial DNA. Additionally, cattle were examined for attached
ticks and questing adult ticks were collected. All ticks were analyzed for the presence of rickettsial DNA. No evi-
dence of rickettsemia was found in any cow, but the high R. parkeri infection rate documented in A. triste both
questing in the study area (13.9%) and feeding on cattle (19.8%) and the identification of antibodies against
R. parkeri antigen in 90% of cattle are evidence that infection is taking place. Altogether, our data suggest that
A. triste ticks are capable of naturally exposing cattle to R. parkeri. However, the progress of R. parkeri infection
and its impact on bovine health and production remain to be established.
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In South America, clinical cases of human rickettsioses caused by
tick-borne rickettsiae have been reported in Argentina, Brazil,
Colombia, and Uruguay (reviewed in Parola et al. 2013). In
Argentina, seven species of Rickettsia were found infecting ticks,
namely, Rickettsia rickettsii, Rickettsia parkeri, Rickettsia massiliae,
Rickettsia sp. strain Atlantic Rainforest, ‘Candidatus Rickettsia
amblyommir’, ‘Candidatus Rickettsia andeanae’, all belonging to
the spotted fever group rickettsiae (SFGR), and the ubiquitous endo-
symbiont Rickettsia bellii (Labruna et al. 2007a, b; Nava et al.
2008; Paddock et al. 2008; Tomassone et al. 2010; Cicuttin et al.
2014; Monje et al. 2015). Of these, R. rickettsii, R. parkeri, R. mas-
siliae, and Rickettsia sp. strain Atlantic Rainforest have been associ-
ated with human diseases (Paddock et al. 2008, Garcia-Garcia et al.
2010, Spolidorio et al. 2010, Romer et al. 2014), and in Argentina
these pathogens were found infecting the ticks Amblyomma cajen-
nense sensu lato, Amblyomma triste Koch and Amblyomma tigri-
num Koch, Rhipicephalus sanguineus sensu lato, and Amblyomma
dubitatum (Paddock et al. 2008, Nava et al. 2008, Cicuttin et al.
2014, Romer et al. 2014, Monje et al. 2015), respectively.

The alpha-proteobacterium R. parkeri causes a disease similar
to, but milder than, that caused by R. rickettsii and was first re-
ported as pathogenic in the United States in 2004 (Paddock et al.
2004). In Argentina, cases of human rickettsiosis caused by R. par-
keri were documented in the provinces of Buenos Aires, Entre Rios,
and Chaco (Romer et al. 2011), all in the vicinity of Parana River
where the alleged vector is A. triste, and also in the inland provinces
of Cordoba and La Rioja where the suspected vector is A. tigrinum
(Romer et al. 2014). Moreover, human disease allegedly caused by
R. parkeri has been reported in Uruguay since 1990 but just recently
a case of R. parkeri infection in a human was confirmed (Portillo
etal. 2013).

Adults of A. triste can use cattle as hosts (Nava et al. 2011), and
it has been reported that cattle are susceptible to infection by several
members of SFGR, such as Rickettsia slovaca (Ortufio et al. 2012),
R. rickettsii (Gazeta et al. 2009), Rickettsia conorii (Kelly et al.
1991), Rickettsia sibirica (Liu et al. 1995), and Rickettsia africae
(Parola et al. 1999). A recent study in domestic animals from China
showed molecular evidence of infection with SFGR in dogs, goats,
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and cattle, with the one in cattle having the highest bacterial loads
(Liang et al. 2012). Additionally, it has been demonstrated that
R. parkeri-infected Amblyomma maculatum ticks are capable of
transmitting this SFGR to cattle, although no evidence of persistent
systemic infection and no clinical signs associated with the infection
were reported (Edwards et al. 2011).

The Parand River delta constitutes a vast human-domestic-wild-
life interface where the risk of pathogen transmission across species
is substantial. In this region, farming beef cattle is on the rise largely
because beef cattle breeding in the Pampas region have been
replaced by agricultural crops, and thus cows have been gradually
displaced to marginal fields. Recent studies conducted in the Parand
River delta region reported a prevalence of R. parkeri in A. triste
ranging from 8 to 20% (Nava et al. 2008, Monje et al. 2014). As
cattle are infested by A. triste (Nava et al. 2011), they are at risk of
becoming infected with R. parkeri and could act as amplifier hosts
of the infection. To contribute to our knowledge on the ecology
of this pathogen in the region, we investigated the dynamics of
R. parkeri and its A. triste vector in a herd of beef cattle that was
followed for 18 mo.

Materials and Methods
Study Area

The study was conducted in fields of an Experimental Station be-
longing to Instituto Nacional de Tecnologia Agropecuaria (INTA
Delta), Campana (34° 9.5’ S, 58° 51.8’ W) in Buenos Aires Province,
Argentina. This site corresponds to the lower Parand River delta re-
gion. The region is affected by human activities, mainly by the devel-
opment of Salicaceae plantations, recreation activities, and
silvopastoral systems. The climate of the region is temperate, charac-
terized by mean annual temperature of 16.7°C (minimum 6°C, max-
imum 30°C) and a mean annual rainfall of ~1,000 mm without
seasonality.

Sample Collection

A herd of beef cattle consisting of 21 Aberdeen Angus cows grazing
in a mixed system consisting of natural pasture and Salicaceae plan-
tations in INTA Delta were repeatedly bled from the tail vein every
5wk from December 2010 to May 2012. The grazing area was man-
aged avoiding the use of agrochemicals and no tick control program
was applied before nor during the study period. In total, 16 sam-
pling sessions were carried out and all the 21 cows were sampled ev-
ery time with the exception of September 2011 when cattle were not
available due to internal management of the INTA Experimental
Station. All cattle studied was born and raised in the study area,
with an age range of 24-30mo by the time of the first bleeding.
Blood samples were transported refrigerated to a field laboratory
where they were centrifuged (1,500 x g for 10 min) and both, serum
and blood clots were aliquoted into labeled microtubes, transported
in liquid nitrogen, and stored at —20°C until further use. As observed
for Amblyomma maculatum adult ticks (Edwards et al. 2011),
adults of A. triste prefer feeding on the ears of cattle. Since only the
left side of immobilized animals was easily available to the investiga-
tor in the cattle squeeze, the left ear of each cow was thoroughly ex-
amined in search of ticks in parallel to blood collection. Ticks were
counted and classified according to their stage and sex. Male
Amblyomma ticks can stay on hosts for >12wk compared to fe-
males, which complete their feeding period in <2 wk (Labruna et al.
2002, 2003; Pinter et al. 2002). Therefore, only female ticks (FF)
were considered in the analysis to avoid overestimation of the

number of ticks per animal. A few specimens per sampling session
were removed at random and kept in ethanol 96%. Simultaneously,
questing adult ticks were collected from the vegetation by
drag-sampling using a 1- by 1.50-m white cloth sheet from eight
sampling sites distributed across the range where cattle grazed. This
procedure was conducted consistently in the same way by the same
investigator in every sampling session. All the ticks collected were
brought to the laboratory, where they were identified by using stan-
dard taxonomic keys and stored in 96% ethanol.

Serology

The indirect immunofluorescence assay (IFA) used crude antigens
derived from R. parkeri strain At24, R. bellii strain Mogi, R.
amblyommii strain Ac37, and Rickettsia felis strain Pedreira. While
R. parkeri is known to occur in the study site (Nava et al. 2008,
Monje et al. 2014), the other three Rickettsia species are known to
occur elsewhere in Argentina. For antigen preparation, each
Rickettsia was cultivated in Vero cells (except for R. felis, which
was cultivated in C6/36 cells) and slides were prepared as previously
described (Labruna et al. 2007a, b). Bovine sera were serially diluted
in twofold increments with PBS starting from 1:64, as indicated by
international reference laboratories for the diagnosis of rickettsiosis
(Brouqui et al. 2004). Slides were incubated with fluorescein isothio-
cyanate-labeled rabbit anti-bovine IgG (Sigma, USA, cat. F7887) di-
luted 1:2000. Reactive sera were titrated at twofold dilutions in
order to determine endpoint titers. In each slide, a bovine serum
previously shown to be nonreactive (negative control) and a known
reactive bovine serum (positive control) were tested at the 1:64
dilution.

DNA Extraction and Real-Time PCR

The presence of rickettsial DNA was assessed in all cows showing
an event of seroconversion, and in questing and feeding ticks. For
this purpose, both, the sample that seroconverted and the sample
previously obtained from the same cow (seronegative) were ana-
lyzed. Total genomic DNA from each cow sample was obtained us-
ing 200 pl of blood clot. The blood clot was mixed with 400 ul of
lysis buffer (10mM Tris-Cl, 100mM EDTA, 0.5% SDS, pH 8.0)
and proteinase K was added to a final concentration of 200 pug/ml.
Samples were then incubated in 50°C water bath overnight. After in-
cubation, proteinase K was inactivated by boiling samples for 5 min.
The following DNA extraction steps were performed according to
standard phenol/chloroform methods. The DNA pellet was washed,
air-dried, and resuspended in 50 pl of sterile TE buffer (10 mM Tris
HCI, 1 mM EDTA, pH 8.0). DNA from ticks was obtained as previ-
ously described (Monje et al. 2014). Genomic DNA concentration
and purity was assessed using the SPECTROstar Nano and the
MARS Data Analysis Software (BMG Labtech, Germany). Each set
of DNA extractions included a negative control that used molecular
grade water instead of blood or tick.

All DNA samples were then analyzed by SYBR Green quantita-
tive real-time PCR. The integrity of the DNA extracted from blood
and ticks was first assessed using a real-time PCR that amplifies bo-
vine 18S rRNA gene and tick 16S rRNA, respectively. In this re-
spect, primers 18sF/18sR and T16S5/T16S3 designed to anneal to
highly conserved nucleotide sequences were used as previously de-
scribed (Eberhardt et al. 2014, Monje et al. 2014). For the detection
of rickettsial DNA the gene gltA was targeted using primers CS-5/
CS-6 which amplify a 147-bp fragment of this gene. These primers
have shown sensitivity down to one copy of the gltA gene of SFGR
(Labruna et al. 2004). Rickettsial DNA was quantified by
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Table 1. Count of questing ticks recovered by systematic dragging and mean abundance of females (FF) on the left ear of repeatedly sam-

pled cattle

Dec.-10 Jan.-11 Feb.-11 Mar.-11 April-11 May-11 July-11 Aug.-11
Questing 27 4 2 0 0 0 82
Attached FF 1.14 1.6 0 0 0.05 0 1.67
Seroprevalence” 0.33 0.57 0.52 0.14 0.1 0.2 0.67

Sept.-11 Oct.-11 Nov.-11 Dec.-11 Jan.-12 Mar.-12 April-12 May-12
Questing 30 38 49 17 0 0 0
Attached FF — 0.52 2 0.62 1.33 0.05 0 0.05
Seroprevalence? — 0.38 0.33 0.29 0.38 0.4 0.14 0.14

“ Number of cows seroreactive to R. parkeri antigen/number of tested cows.

comparison with 10-fold serial dilutions of known plasmids stan-
dards in independent assays, as previously described (Monje et al.
2014).

Real-time PCRs were performed in an Applied Biosystems (CA,
USA) Step One thermocycler with 20 ul per reaction, which con-
tained 4 ul of 5x Phire reaction buffer, 200 uM dNTP, 0.4 pM of
each primer, 2 pl of 10x SYBR Green I (Invitrogen, USA), 150 ng of
total DNA, and 0.4pul of Phire Hot Start I DNA polymerase
(Thermo Scientific, USA). For gltA real-time PCR each run consisted
of 3min at 98°C for initial denaturation, 40 cycles of 5s at 98°C
and 20's at 53°C followed by extension 20s at 60°C and included a
positive control (100 ng of DNA of R. parkeri strain NOD-infected
Vero cells). For bovine 18S rRNA gene real-time PCR, each run con-
sisted of 3min at 98°C for initial denaturation, 40 cycles of 5s at
98°C and 20's at 58°C followed by extension 20's at 72°C. Tick 16S
rRNA real-time PCR was made as previously described (Monje
et al. 2014). All PCR runs included a negative control with the
blood- or tick-free DNA extraction respectively. Product purity was
confirmed by dissociation curves, and random samples were sub-
jected to agarose gel electrophoresis. Randomly selected ticks posi-
tive for gltA real-time PCR were subjected to further amplification
of ompA gene by routine PCR using primers RR190.70 and
RR190.701 as previously described (Monje et al. 2014). PCR prod-
ucts were column purified and sequenced directly in both directions
using amplifying primers.

Statistical Analysis

Associations between counts of ticks on ears, vegetation, and sero-
prevalence for a given sampling session were assessed by Spearman’s
Rho Correlation tests. To test whether prevalence was associated
with tick count at the individual level, we used a Generalized Linear
Mixed Model (GLMM) with a binary response (seropositivity)
and tick count as the independent variable, using “cow ID” and
“trapping session” as random effects. All analyses were conducted
using the statistical package R (www.r-project.org).

Results

Tick Counts

Along the entire study, A. triste was the only tick species found both
on the environment and feeding on cattle. Coincidently with previ-
ous reports (Nava et al. 2008, 2011) no immature stages of A. triste
were collected with drags or feeding on cattle. Adults of A. triste in
the environment were found only from August to February (116
males, 179 females), with a peak in August (Table 1, Fig. 1). A. triste
adult ticks were found in the ears of cattle (391 males, 177 females).
As expected, the count of female ticks (FF) on the left ear largely
reflected the seasonal pattern observed for questing ticks (Table 1,

Fig. 1). Both counts were highly correlated (Spearman’s Rho correla-
tion coefficient = 0.813, P =0.0002).

IFA of Bovine Samples

Of the 313 serum samples analyzed by immunofluorescence, all
were negative for the presence of antibodies against R. amblyommii
and R. felis, meanwhile 99 samples tested positive for R. parkeri,
two of which were also positive for R. bellii. Both samples present-
ing antibodies against R. bellii were from the same cow (12-03-10,
05-28-11) and the endpoint titers of these two samples were of 1:64
for R. bellii and 1:128 for R. parkeri. Eighteen sera, from eight dif-
ferent animals, showed titers to R. parkeri at least fourfold higher
than any of the other three antigens tested, with endpoint titers rang-
ing from 1:128 to 1:512. These sera were considered to be homolo-
gous to R. parkeri or a very closely related serotype.

The temporal pattern of seroprevalence for R. parkeri matched
that of tick exposure (Fig. 1), showing a peak in August.
Seroprevalence was positively correlated with total count of quest-
ing ticks (Spearman’s Rho coefficient = 0.612; P=0.015) and mean
count of FF on the left ear (Spearman’s Rho coefficient = 0.546;
P=0.0353). At the individual level, the GLMM showed that
every female tick attached on the left ear increased the odds of
seropositivity in 37.7% (Odds Ratio=1.377, Table 2). During the
entire study, two of twenty-one bovids were never seroreactive to
the R. parkeri antigen. On the other hand, one cow presented anti-
bodies to R. parkeri in all the samples taken during the study and
other three bovids in most of the samples analyzed (12 samples out
of 15). The rest of the herd presented at least one episode of serocon-
version, which in most cases was only transient, but in three individ-
uals seropositivity was maintained from three to five consecutive
months.

Real-Time PCR of Bovine Blood Clots

No rickettsial DNA was detected by gltA real-time PCR in the blood
of cattle showing events of seroconversion, neither in the blood clot
corresponding to the serum sample that seroconverted nor in the
blood clot obtained from the same animal in the previous sampling
session (seronegative at 1:64 dilution). All bovid blood DNA sam-
ples were positive for 18S rRNA gene real-time PCR (data not
shown), indicating that no PCR inhibitors were present.

Real-Time PCR of Ticks

A total of 295 adults of A. triste were collected from the vegetation
where cattle grazed and 86 ticks were collected feeding on cattle
along the entire study. Forty one ticks from vegetation (13.9%)
were found to contain DNA of the rickettsial gene gltA by real-time
PCR, 34 of which presented high rickettsial concentration (from
1.9 x 107 to 7.9 x 10° gltA copies per tick), while the remaining 7
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Fig. 1. Temporal relationship between tick exposure and reactivity to Rickettsia parkeri antigen.

Table 2. Generalized linear mixed model with a binomial response
showing the association between the probability of seropositivity
and the count of female ticks on the left ear

Model: Response = Seropositivity
Independent variable = Number of female ticks on the left ear
Random intercepts = trapping session and cow ID

Term Coefficients Standard error P-value
Intercept —1.5667 0.5894 0.0079
Females 0.3197 0.1589 0.0442

presented much lower rickettsial levels (from 2.0 x 10% to 1.1 x 10?
gltA copies per tick). Regarding ticks feeding on cattle, 17 (19.8%)
were found to contain DNA of the rickettsial gene gltA by real-time
PCR, where 12 presented high rickettsial concentration (from
7.0 x 10° to 3.6 x 10° gltA copies per tick) and 5 presented lower
rickettsial levels (from 4.0 x 10* to 1.4 x 10% gltA copies per tick). A
fragment of the ompA gene was amplified and sequenced from eight
randomly selected gltA-positive ticks. The resulting nucleotide se-
quences were in all cases 100% identical to the ompA sequence of
R. parkeri (KF782320). All samples were positive for 16S rRNA
real-time PCR, and no amplification was observed in the negative
controls (Ct > 50).

Discussion

In the present study, we followed a small cattle herd from the
Parand River delta to investigate the dynamics of exposure to R. par-
keri in these animals. Although no evidence of rickettsemia was de-
tected by real-time PCR, antibodies against R. parkeri were
identified in 90% of cattle (19 out of 21). This coupled with the
common occurrence of A. triste parasitizing this herd, and the high

R. parkeri-infection rate documented in A. friste both questing in
the study area (13.9%) and feeding on cattle (19.8%), are evidence
that infection is taking place. However, with the apparent high rate
of exposure to infected ticks, it may be expected that all animals
should be permanently seropositive. Instead, 15 animals (71%) were
seropositive during 5 mo or less. We hypothesize that the pattern ob-
served might be due to two reasons. Firstly, at least for nonnaive cat-
tle, not all exposures to R. parkeri-infected ticks would result in
infections of a sufficient magnitude to elicit a detectable humoral
immune response. At the same time, the intermittent periods of sero-
positivity observed and the close match between tick exposure and
seroprevalence strongly suggest that the humoral immune response
against R. parkeri is relatively short lived, and that re-infection is oc-
curring each year. In this regard, a recent study reported that dogs
experimentally infested with R. conorii-infected Rb. sanguineus
ticks produced an antibody response that reached its maximum 2-
3wk post infestation that quickly declined below diagnostic level
within the next 3 wk (Levin et al. 2014). Moreover, re-infestation of
these SFGR-exposed dogs with R. conorii-infected Rh. sanguineus
ticks 40 wk after the first SFGR-challenge elicited a new humoral
immune response (Levin et al. 2014).

Other two traits that are relevant to the patterns observed are
the level of antibody production and the distribution of infection in-
tensity in ticks. The highest antibody titer to R. parkeri reported
herein was 1:512, which is in agreement with previous reports of
cattle developing relatively low antibody titers to SFGR throughout
the world (Kelly et al. 1991, Edwards et al. 2011, Ortufio et al.
2012). Moreover, the infection intensity by R. parkeri in A. triste
ticks presents a bimodal distribution (Monje et al. 2014, this study)
and the rate of seroconversion to SFGR in cattle was found to be re-
lated to the infective dose (Kelly et al. 1991). Therefore, not only the
numbers of infected ticks feeding on the cattle but also the rickettsial
infection intensity of these ticks are determinant for seropositivity to
R. parkeri.
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Recently, Nieri-Bastos et al. (2013) reported that A. triste can
act as a natural reservoir for R. parkeri. They demonstrated that
R. parkeri is preserved by transstadial maintenance and transovarial
transmission in A. triste ticks. However, marked deleterious effects
were caused by R. parkeri on engorged nymphs (Nieri-Bastos et al.
2013), for which amplification by vertebrate hosts or other trans-
mission mechanism would be necessary for R. parkeri to persist in
the long term. Our data suggest that A. triste ticks are capable of
naturally exposing cattle to R. parkeri. However, we failed to detect
the bacterium in the blood, for which either the length of the rickett-
semic period is short or the rickettsemic levels in cattle blood are not
high enough to allow real-time PCR detection, suggesting that
R. parkeri replication in cattle might not be efficient. In addition, re-
peated exposures to infected ticks might boost immunity of cattle
against R. parkeri, rapidly clearing bacterium from blood and limit-
ing their role as amplifier host. In this scenario, naive cattle (e.g.,
calves, translocated cattle) could act as amplifier hosts following a
primary infection; however, further research in this respect is war-
ranted. Our observations are in agreement with previous studies
reporting short periods of rickettsemia in experimentally R. parkeri-
infected animals (Edwards et al. 2011, Moraru et al. 2013).
Notwithstanding, a feasible role for cattle in the ecology of R. par-
keri could be providing a bloodmeal to a large number of A. triste
adult ticks. This could increase tick population. In fact, in the study
area, rodents captured in sites with cattle had higher burdens of im-
mature stages of A. triste than those captured where cattle was ab-
sent (Colombo et al. 2015). In addition, cattle might also facilitate
tick infections via cofeeding as demostrated for other SFG rickettsiae
(Matsumoto et al. 2005, Levin et al. 2014).

Finally, none of the animals that presented antibodies to R. par-
keri developed any apparent clinical signs of systemic illness in the
duration of our study. However, further research is warranted to
find out whether these recurrent periods of infection have any effect
over the health and the productive performance of the animals.
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