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The present study was performed to evaluate the Rickettsia infection in Amblyomma tonelliae ticks from
Argentina. All ticks were subjected to DNA extraction and tested by a battery of PCRs to amplify fragments
of four rickettsial genes, 23S-5S, gltA, ompA and htrA. Two ticks were positive. The Rickettsia detected in
one tick represents a new lineage which is named Rickettsia sp. strain El Tunal. This new strain belongs
to the canadensis group because it is closely related to Rickettsia monteiroi, Rickettsia canadensis and

Candidatus “Rickettsia tarasevichiae”. They clustered together on a high supported clade with both gitA

and htrA genes. The other positive tick was infected with Candidatus “Rickettsiaamblyommii”. The results
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Ani’blyomm a tonelliae presented in this study constitute the first records of Rickettsia infection in A. tonelliae ticks. However,
Rickettsia the medical relevance of these findings should be considered cautiously because the pathogenicity of
Argentina Rickettsia sp. strain El Tunal and Candidatus “R. amblyommii” remains undetermined.

© 2014 Elsevier GmbH. All rights reserved.
Introduction Tomassone et al., 2010; Cicuttin and Nava, 2013; Romer et al.,

Bacteria of the genus Rickettsia are obligate intracellular par-
asites of order Rickettsiales in the alpha subdivision of the class
Proteobacteria. They are transmitted by arthropod vectors and
infect cells of the mammalian endothelial system. The genus
Rickettsia was traditionally divided into the typhus group and
spotted fever group, but currently they are classified into different
groups: spotted fever group (SFG), typhus group (TG), bellii group
(TRG), canadensis group and ancestral groups (Gillespie et al., 2007;
Weinert et al., 2009). In Argentina, 49 species of ticks have been
recorded to date, and Amblyomma is the genus with the highest
specific richness (25 species) (Guglielmone and Nava, 2005, 2006;
Nava et al., 2009, 2014a,b). With the exception of the records of
Rickettsia massiliae in Rhipicephalus sanguineus sensu lato (Cicuttin
et al., 2014), all rickettsiae vectored by ticks in this country were
found to be associated to Amblyomma species (Labruna et al.,
2007; Pacheco et al., 2007; Nava et al., 2008; Paddock et al., 2008;
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2014). Furthermore, most of the ticks recorded on humans in
Argentina belong to the genus Amblyomma (Guglielmone et al.,
1991, 2006; Nava et al., 2006).

The taxon Amblyomma cajennense was considered by a long time
as a monospecific entity distributed in the Nearctic and Neotrop-
ical Regions from southern United States to northern Argentina
(Estrada-Pena et al., 2004), but currently it has been demonstrated
that A. cajennense is a complex formed by six species, namely A.
cajennense sensu stricto, Amblyomma interandinum, Amblyomma
mixtum, Amblyomma patinoi, Amblyomma sculptum and Ambly-
omma tonelliae (Beati et al., 2013; Nava et al,, 2014a). In South
America, ticks of A. cajennense complex are the principal vector
of the human pathogen Rickettsia rickettsii (Guedes et al., 2005;
Paddock et al., 2008; Labruna, 2009), and they were determined as
the ticks with the most number of records on humans (Guglielmone
etal., 2006). However, the taxonomic rearrangement of the A. cajen-
nense complex aforementioned put in evidence the necessity of
new studies about the role as vector of all its members, including
the two species of this complex present in Argentina, A. sculptum
and A. tonelliae. In light of this new perspective, the aim of this study
is to evaluate the rickettsial infection in A. tonelliae ticks collected
in northern Argentina.
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Fig. 1. Maximum-likelihood tree constructed from gltA partial sequences. Numbers represent bootstrap support generated from 1000 replications. GenBank accession

numbers are in brackets.

Materials and methods

On January 2012, free-living adult ticks were collected from veg-
etation by dragging in El Tunal, Salta Province (ETS) (25° 14'S, 64°
25'W), and in a site (PS]) (23° 49'S, 64° 13'W) located 20 km north-
eastern from Palma Sola, Jujuy Province. Both localities belong to
the Chaco Phytogeographic Province according to the definition
given by Cabrera (1994). All ticks were determined as A. tonelliae
following the descriptions of Nava et al. (2014a).

Genomic DNA was extracted from each tick using the AxyPrep
Multisource Genomic DNA MiniPrep Kit (Axygen Biosciences, USA).
Detection of Rickettsia spp. was based on a PCR that amplifies a
ca. 400-bp fragment of the 23S-5S intergenic spacer. PCR-positive
samples were tested by a battery of PCRs to amplify fragments of
three rickettsial genes, those for citrate synthase gene (gitA), 190-
kDa outer membrane protein (ompA) and 17-kDa protein (htrA)
(see details in Table 1). All amplicons were purified and sequenced.
The sequences were edited using BioEdit Sequence Alignment Edi-
tor (Hall, 1999) with manual edition whenever it was necessary,
aligned with the program Clustal W (Thompson et al., 1994) and
compared with those sequences deposited in GenBank. Phyloge-
netic analyses were performed with maximum-likelihood (ML)
methods by using the program Mega 5.0 (Tamura et al., 2011). Best
fitting substitution models were determined with the Akaike Infor-
mation Criterion using the ML model test implemented in MEGA
5. Substitution models were GTR (G+I) for gltA and ompA, and
GTR+G for htrA. Support for the topologies was tested by boot-
strapping over 1000 replications and gaps were excluded from the
comparisons.

Results

A total of 68 adults of A. tonelliae were collected, 32 in ETS and
36 in PSJ. All ticks were tested individually by PCR. One tick of each
locality was positive for 23S-5S intergenic spacer. Positive samples
were used to amplify fragments of gltA and ompA genes as described
in materials and methods. The positive sample from PS] yielded
expected PCR products for these two rickettsial genes, while the
sample from ETS only yielded expected PCR products for gltA (the
primers used to amplify ompA gen are specific for SFG Rickettsiae).
In this case, a partial sequence of htrA was also obtained in order to
confirm the results reached with gltA.

Rickettsia sp. detected in A. tonelliae from ETS was closely related
to Rickettsia species belonging to the canadensis group, namely
Rickettsia monteiroi, Rickettsia canadensis and Candidatus “Rick-
ettsia tarasevichiae”. They clustered together on a high supported
clade with both gltA and htrA genes (Figs. 1 and 2). However, gltA
sequence of Rickettsia sp. detected in A. tonelliae from ETS (Gen-
bank accession number: KP171629) differed by more than 4.8%
with the gltA sequences of R. monteiroi (FJ269035), R. canaden-
sis (U59713) and Candidatus “R. tarasevichiae” (DQ168983), and
the genetic divergence between htrA sequences from El Tunal
(Genbank accession number: KP171630) and htrA sequences of R.
monteiroi (FJ269036), R. canadensis (AF445381) and Candidatus “R.
tarasevichiae” (JX996052) was always higher than 11.5%.

The gltA partial sequence from PS] (Genbank accession num-
ber: KP171628) was identical to the corresponding sequence of
Candidatus “R. amblyommii” strain An13 (DQ517290) detected
in Amblyomma neumanni from Argentina, and they formed a
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Primer pairs used for amplification of rickettsial genes.

175

Gene Primers Nucleotide sequence (5'-3") Product size Reference or source
23s- RCK/23-5- GATAGGTCRGRTGTGGAAGCAC 388 Jado et al. (2006)
5s RCK/23-5- TCGGGAYGGGATCGTGTGTTTC
1tA RpCS.415 GCTATTATGCTTGCGGCTGT 806 De Sousa et al. (2006)
& RpCS.1220 TGCATTTCTTTCCATTGTGC
htrA 17k-5 GCTTTACAAAATTCTAAAAACCATATA 549 Labruna et al. (2004a)
tn 17k-3 TGTCTATCAATTCACAACTTGCC
ompA Rr190.70p ATGGCGAATATTTCTCCAAAA 532 Regnery et al. (1991)
P Rr190.602n AGTGCAGCATTCGCTCCCCCT

highly supported clade with Candidatus “R. amblyommii” strain
Acalll from Brazil (AY375163) (Fig. 1). Phylogenetic analysis of
ompA sequences confirmed the results obtained with gltA, because
the sequence (Genbank accession number: KP171631) from PS]
was closely related to those of Candidatus “R. amblyommii” from
Argentina (DQ517292) and USA (AY062007) (Fig. 3).

Discussion

Sequences analyses of three different loci have showed that
the bacteria detected in A. tonelliae ticks from ETS represent a
new lineage within the genus Rickettsia, which is named Rick-
ettsia sp. strain El Tunal. Phylogenetically, this rickettsia is closely
related to R. monteiroi, and they form a clade together with R.
canadensis and Candidatus “R. tarasevichiae” (Figs. 1 and 2). This
fact indicates that Rickettsia sp. strain El Tunal belongs to the
canadensis group. The genetic divergence between Rickettsia sp.
strain El Tunal and the three species of the canadensis group for
both gltA and htrA sequences (see results) are considered to be
higher than those expected values for intraspecific polymorphism

54

53

85

98

(Fournier and Raoult, 2009; Pacheco et al., 2011). However, data
from additional loci and isolation in a pure culture are needed to
perform a complete characterization of this new strain of Rickettsia
detected in A. tonelliae ticks from Argentina. Rickettsia monteiroi, R.
canadensis, Candidatus “R. tarasevichiae” and Rickettsia sp. strain
El Tunal constitute a well-supported phylogenetic group suffi-
ciently distant from the remaining Rickettsia species, although
they were found in different localities distant from each other
and associated to tick species without a phylogenetic relation-
ship. Rickettsia monteiroi was isolated from Amblyomma incisum
ticks in Brazil (Pacheco et al., 2011), R. canadensis was detected
in Haempahysalis leporispalustris ticks from North and Central
America (McKiel et al., 1967; Parola et al., 2013), and Candida-
tus “R. tarasevichiae” was found associated to Ixodes persulcatus
and Haemaphysalis japonica in Russia and Japan (Eremeeva et al.,
2006; Mediannikov et al., 2006; Inokuma et al., 2007). Even though
some of their potential vectors may be aggressive to humans, as in
the cases of A. incisum and A. tonelliae (Guglielmone et al., 2006;
Nava et al., 2014a), the pathogenicity of R. monteiroi, R. canaden-
sis and Rickettsia sp. strain El Tunal remains uncertain to date.
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Fig. 2. Maximum-likelihood tree constructed from htrA partial sequences. Numbers represent bootstrap support generated from 1000 replications. GenBank accession

numbers are in brackets.
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Candidatus “R. tarasevichiae” constitutes an exception, because
it has been involved as a human pathogen in China (Jia et al.,
2013).

The finding of Candidatus “R. amblyommii” in A. tonelliae
constitutes the first record of this association. Candidatus “R. ambly-
ommii” has been previously detected in Argentina infecting A.
neumanni ticks in Cérdoba Province (Labruna et al., 2007). This
rickettsia is widely distributed in America where it was reported
in Argentina, Brazil, Costa Rica, French Guiana, Panama and USA
associated to several tick species of the genera Amblyomma, Derma-
centor and Rhipicephalus (Labruna et al., 2011; Parola et al., 2013;
Saraiva et al., 2013), also including species of the A. cajennense
complex. In fact, Candidatus “R. amblyommii” was detected in A.
mixtum', A. sculptum’, A. cajennense s.s' and now, in A. tonelliae
(Labruna et al., 2004b; Bermudez et al., 2011; Hun et al., 2011;
Alves et al., 2014; this work). The ubiquity of Candidatus “R. ambly-
ommii” implicates a health risk because it is found in different
potential vectors along a wide geographic range which increase the
probability of its transmission to humans. In this sense, Apperson
et al. (2008) have suggested that some cases of rickettsiosis in
USA may have been caused by Candidatus “R. amblyommii”, but
this hypothesis was not confirmed yet, and the Candidatus “R.

1 All these species originally named as A. cajennense (see Nava et al., 2014a).

amblyommii” pathogenicity remains undetermined (Parola et al.,
2013).

Rickettsia rickettsii is by far the most pathogenic Rickettsia
species in South America, and ticks of the A. cajennense complex
are their principal vectors (Labruna, 2009). Infection with R. rick-
ettsii was not detected among the A. tonelliae ticks tested during this
study. Prevalence of R. rickettsii in natural populations of A. cajen-
nense s.l has usually been shown to be relatively low (around 1%)
or inexistent (Guedes et al., 2005; Sangioni et al., 2005; Labruna,
2009). Therefore, the negative results presented in this work are
not unexpected, because only 68 ticks were evaluated for Rickettsia
infection. Labruna et al. (2014) have confirmed that a Central/South
American clade of R. rickettsii is found in A. patinoi of Colombia
and A. sculptum of Brazil but it is unknown if this vector-pathogen
association occurs in the remaining four species of A. cajennense
complex. In Argentina, fatal cases of spotted fever caused by R.
rickettsii were reported in northwestern areas where specimens
of A. cajennense s.I were found to be infected with this Rickettsia
species (Paddock et al., 2008). In such areas, two species of the A.
cajennense complex (A. tonelliae and A. sculptum) occur in sym-
patry, but after the reassessment of the taxonomic status of A.
cajennense, is not possible to determine if the ticks analyzed by
Paddock et al. (2008) corresponded to A. tonelliae or A. sculptum. In
this point further investigations are needed to determine if A. tonel-
liae could be a potential vector of R. rickettsii along its distribution in
Argentina.
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