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Up to some years ago, the taxon Amblyomma cajennense represented a single tick species in the New
World, from southern United States to northern Argentina. Recent studies, based on genetic, reproductive
and morphological data reorganized this taxon into a complex of the following 6 valid species: A. cajen-
nense sensu stricto, Amblyomma mixtum, Amblyomma sculptum, Amblyomma interandinum, Amblyomma
tonelliae, and Amblyomma patinoi. According to this classification, the A. cajennense complex is currently
represented in Colombia by only one species, A. patinoi. Because the Colombian land is surrounded by

Keywords: . confirmed records of A. mixtum in Panama and Ecuador, and by A. cajennense s.s. in Venezuela and the
Amblyomma cajennense .. . . . . . . .
Complex Brazilian Amazon, it is possible that these two species could also occur in Colombia. This study aimed to

determine the occurrence of ticks of the A. cajennense complex in the Orinoquia region of Colombia. A total
of 246 adult ticks of the Amblyomma genus were collected in three sampled regions: 71 females and 110
males in Arauca (Arauca Department), 27 females and 20 males in Nunchia (Casanare Department), and
10 females and 8 males in Yopal (Casanare Department). Based on morphological and molecular analyses,
these ticks were identified as A. mixtum. Molecular analyses consisted of DNA sequences of two molec-
ular markers, the nuclear second internal transcribed spacer (ITS2) and the mitochondrial cytochrome c
oxidase subunit [ gene (COI). The presence of A. mixtum in Colombia is of medical relevance, since this
species is incriminated as a vector of Rickettsia rickettsii in Central America.

© 2016 Published by Elsevier GmbH.

Molecular markers
Rickettsia rickettsii

1. Introduction Brazil), Amblyomma interandinum (inter-Andean valley of Peru),

Amblyomma tonelliae (dry areas of northern Argentina, Bolivia and

Up to some years ago, the taxon Amblyomma cajennense rep-
resented a single tick species distributed in all tropical and
subtropical areas of the New World, from southern United States
to northern Argentina (Estrada-Pefia et al., 2004). Recent studies,
based on genetic, reproductive and morphological data reor-
ganized this taxon into a complex of the following 6 valid
species: A. cajennense sensu stricto (restricted to the Amazonian
region), Amblyomma mixtum (from Texas to western Ecuador),
Amblyomma sculptum (northern Argentina, Bolivia, Paraguay,
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Paraguay), and Amblyomma patinoi (Eastern Cordillera of Colombia)
(Beati et al., 2013; Nava et al., 2014). According to this classifica-
tion, the A. cajennense species complex is currently represented in
Colombia by only one specie, A. patinoi (Nava et al., 2014). However,
our current knowledge on the distribution of these species is prob-
ably incomplete, and examination of new field-collected material
is required for a better definition of species boundaries (Nava et al.,
2014). Moreover, A. cajennense s.l. constitutes the most important
human-biting ticks of South America (Guglielmone et al., 2006),
and at least three species of this species complex, namely A. sculp-
tum, A. mixtum, and A. patinoi, are incriminated as important vectors
of the bacterium Rickettsia rickettsii, the agent of the deadly Rocky
Mountain spotted fever (Krawczak et al., 2014; Labruna et al., 2014;
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Faccini-Martinez et al.,2015). Therefore, a precise knowledge of the
actual distribution of these species is of highly public relevance.

The six species of the A. cajennense species complex are morpho-
logically very similar, making their morphological discrimination
sometimes very difficult. The combination of morphological, distri-
butional, and molecular information may sometimes be necessary
for the correct determination of problematic specimens (Navaetal.,
2014). While A. patinoi is the only member of this complex, precisely
known to occur in Colombia (Nava et al., 2014; Faccini-Martinez
et al., 2015), there have been multiple previous records of A. cajen-
nense s.l. from different parts of Colombia (Lopez-Valencia 1989;
Estrada-Pefla et al., 2004; Miranda et al.,, 2011). Unfortunately,
these specimens are not available for morphological reexamina-
tion or molecular analysis. In addition, because the Colombian land
is surrounded by confirmed records of A. mixtum in Panama and
Ecuador, and by A. cajennense s.s. in Venezuela and the Brazilian
Amazon (Nava et al., 2014), it is possible that these two species
could also occur in Colombia.

In view of the above and considering the medical and veterinary
importance of A. cajennense s.l. in Latin America, associated to the
lack of studies on this complex in the Colombian territory, this study
aimed to determine the occurrence of ticks of the A. cajennense
complex in the Orinoquia region of Colombia.

2. Material and methods

Ticks were collected directly from horses (Equus caballus), cat-
tle (Bos taurus), and a capybara (Hydrochoerus hydrochaeris)
from different geographical sites of the Orinoquia region
(Eastern Plains) of Colombia. The ecosystems of the region
are tropical savanna with gallery forests and wetlands
along the rivers. Ticks were collected from the following
specific sites: Department of Arauca, Arauca municipality
(06°55'43”N, 70°27'36"W/06°02’'0"N, 69°25'0"W/06°56'24"N,
70°32’0"W/[07°1'48"N, 70°43'39"W/07°3'55"N, 70°44'2"W) in
September 2014; Department of Casanare, Nunchia municipal-
ity (5°21"1”"N, 72°4’53"W/5°21’13”N, 72°5'50"W/[5°21’40"N,
72°6'7"W) and Yopal municipality (5°19'27"N,
72°24'31"W/5°25'26”"N, 72°14'17"W) in February 2015. Col-
lected ticks were submitted to taxonomic identification based
on their external morphology following Jones et al. (1972) and
Nava et al. (2014) through light microscopy (Leica M205C stere-
omicroscope). In addition, 2 male and 2 female specimens from
each municipality (Arauca, Yopal and Nunchia) were prepared for
scanning electron microscopy (SEM) (Hitachi Scanning Electron

A

Microscope, model TM3000) following techniques described by
Corwin et al. (1979).

After morphological identification, 2 male and 2 female spec-
imens of each Department were individually processed for
molecular analyses. For this purpose, DNA was extracted using
a DNeasy Blood & Tissue Kit (Qiagen) following manufactureris
protocol, and tested by two PCR protocols, one targeting the
ribosomal second internal transcribed spacer (ITS2) region, and
the second one targeting the mitochondrial cytochrome c oxi-
dase subunit I gene (COI). For the ITS2 PCR, we used primers
ITS2 (F) 5'-CCATCGATGTGAAYTGCAGGACA-3’ (Zahler et al., 1995)
and MCLN (R) 5'-GTGAATTCTATGCTTAAATTCAGGGGGT-3’ (Mclain
etal., 1995), which correspond to the 5.8S and 28S regions, respec-
tively, thus amplifying a DNA fragment that contains the complete
sequence of the ITS2 of the rDNA, which has ~1000-bp in ticks of
the genus Amblyomma (Marrelli et al., 2007). For the COI PCR, we
used primers LCO1490 (F) 5'-GGTCAACAAATCATAAAGATATTGG-3’
and HCO2198 (R) 5'-TAAACTTCAGGGTGACCAAAAAATCA-3’, which
amplify a ~700-bp fragment (Folmer et al., 1994). PCR products
were purified using Wizard® SV Gel and PCR Clean-Up System Kit
(Promega), according to the manufacturer’s instructions, and sent
to Macrogen Advancing Through Genomics (South Korea) for DNA
sequencing.

DNA sequences were submitted to phylogenetic analyses. For
this purpose, the quality analysis of the DNA sequences was per-
formed with the Geneious Trial v8.14 software (Drummond et al.,
2009). Sequence alignments were conducted with the ClustalW
software (Thompson et al., 1997), included in the Mega 6 software
(Tamura et al., 2013). Species identification and confirmation con-
ducted through similarity estimation between sequences obtained
from specimens collected in Colombia, in addition to representa-
tive sequences of six species of the A. cajennense complex derived
from GenBank (Beati et al., 2013; Nava et al.,, 2014). Regarding
the COI gene, the studied sequences had their similarities esti-
mated through public sequences from GenBank and Barcode of Life
Data Systems (BOLD—<www.barcodinglife.com>), registered as A.
cajennense s.l. Variation of DNA sequences was estimated using the
Kimura 2 parameter-K2 P (Kimura, 1980). A tree was created for o
method (Neighbor-Joining—N]J) with 1000 replications in the boot-
strap test. The K2 P parameter was selected as the genetic distance
model in the Mega 6 software (Tamura et al., 2013).

The localities of the ticks collected in this study were plotted
in a map, together with previously published records of A. patinoi,
A. mixtum and A. cajennense s.s. by Nava et al. (2014), using the
Geographic Coordinate System (WGS 1984, Datum: DWGS 1984)
and the ESRI® ArcMap.

Fig. 1. Dorsal view of Amblyomma mixtum. (A) Male; (B) Female. (e) adjacent enamelled stripe, (s) postero-median spot, (sm) marginal groove.
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Fig. 2. Scanning Electron Microscopy (SEM) A. mixtum male. (A) dorsal view; (B) ventral view; (C) ventral basis capitulum; (D) coxae I-IV. (es) coxal spur, (sp) palpal ventral
prolongation, (h) hypostome, (pal) palps, (e) adjacent enamelled stripe, (s) postero-median spot.

3. Results

A total of 246 adult ticks of the genus Amblyomma were col-
lected in three sampled regions: 71 females and 110 males in
Arauca, 27 females and 20 males in Nunchia, and 10 females and
8 males in Yopal. Initially, all ticks were morphologically identi-
fied as A. cajennense s.l. (Figs. 1-3). According to Nava et al. (2014),
very few external morphological characters could be consistently
used to separate species of the A. cajennense complex. One of these
characters are the female genital opening, which is “V” shaped
in A. cajennense s.s., A. tonelliae and A. interandinum, “U” shaped
in A. sculptum and A. mixtum, and with short and bulging lateral
flaps in A. patinoi. All female specimens of the present study pre-
sented an “U” shaped genital opening (Fig. 3D). According to Nava
et al.(2014), morphological separation of males A. sculptum from A.
mixtum are easily differentiable by the ornamentation and punctu-
ations of the scutum, and in this case, geographical location should
be applied, since the former species seems to be restricted to parts

of South America south to the Amazon basin, whereas the later
species occurs in regions north of the Amazon basin, from northern
South America to southern Texas. Because the Orinoquia region of
Colombia is located northern to the Amazon, we supposed that our
specimens could be A. mixtum.

Attempts to conclusive taxonomic identification were per-
formed through molecular analyses. In this case, fragments of the
ITS2 gene were generated for 4 tick specimens of each Depart-
ment. These sequences were aligned (832-bp) with representative
sequences of the six species of the A. cajennense complex, in
addition to A. americanum (outgroup), derived from GenBank.
Phylogenetic analysis indicated that the Colombian specimens cor-
respond to A. mixtum (Fig. 4). Similarly, fragments of the COI
gene were generated from 4 tick specimens of each Department.
These sequences were aligned (616-bp) with six sequences from
GenBank and Barcode of Life Data Systems (BOLD) of A. cajennense
s.l.and one of A. americanum (outgroup). The Colombian specimens
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Fig. 3. Scanning Electron Microscopy (SEM) A. mixtum female. (A) dorsal view; (B) ventral view; (C) notum; (D) genital aperture. (ag) genital aperture, (esc) scutum, (es)
coxal spur, (sp) palpal ventral prolongation, (fe) festoons, (h) hypostome, (n) notum, (pal) palps, (se) setae.

clustered with sequences from Panama (Fig. 5), which correspond
to the geographic area of A. mixtum according to Nava et al. (2014).

The intraspecific genetic distances between the ITS2 rDNA
sequences of A. mixtum collected in Arauca and Casanare, in
Colombia, and the sequences from GenBank of A. mixtum from
Mexico, Costa Rica, and Texas revealed 0.5% maximum difference
and 0.0% minimum. On the other hand, interspecific differences
among the six A. cajennense complex-species ranged from 0.9 to
8.3%(Table 1).Regarding the COI sequences, the minimal difference
between the Colombian species occurred with an A. cajennense s.1.
sequence from Panama (Table 2), an area with known occurrence
of A. mixtum, according to Nava et al. (2014).

4. Discussion

Morphological and molecular analyses of field-collected speci-
mens of A. cajennense s.l. in the present study clearly confirm the
occurrence of A. mixtum in Colombia for the first time. Genetic dif-
ferences between the ITS2 and COI sequences of Colombian and

A. mixtum sequences from GenBank are in agreement with Beati
et al. (2013), who performed an extensive genetic analysis of all
six species of the A. cajennense complex. Because there have been
previous records of A. mixtum in two neighboring countries of
Colombia (Panama and Ecuador), ours findings are also corrobo-
rated by geographical data, especially because there is apparently
no great eco-regional differences between the Orinoquia region of
Colombia and other known A. mixtum areas (Estrada-Pefia et al.,
2014). On the other hand, Estrada-Pefia et al. (2014) suggested that
the Orinoquia region could be an area of sympatry or parapatry
between A. mixtum and A. cajennense s.s. While we did not find
any A. cajennense s.s. in the present study, we are aware that our
convenient tick sample is not representative for the region (Fig. 6).
Therefore, further studies are needed to better evaluate the possi-
ble occurrence of more species of the A. cajennense complex in the
Orinoquia region of Colombia.

The presence of A. mixtum in Colombia is of medical relevance,
since this specie is incriminated as the vector of R. rickettsii in Cen-
tral America (Labruna et al., 2014). On the other hand, there has
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Fig. 4. Neighbor-joining tree using the sequences of the ITS2 rDNA gene.
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Fig. 5. Neighbor-joining tree using the sequences of the mitochondrial cytochrome c oxidase subunit I gene (COI).

Table 1

Kimura 2 parameter (K2P) distances (in percentage) for the second internal transcribed space (ITS2) sequences of species of the Amblyomma cajennense complex, including
the A. mixtum sequences generated from ticks collected in Colombia in the present study.

Tick species A. mixtum A. mixtum (Colombia) A. sculptum A. patinoi A. cajennense A. tonelliae A. interandinum A. americanum

A. mixtum 0.1-0.3

A. mixtum (Colombia) 0.0-0.5 0.0-0.4

A. sculptum 1.4-1.8 1.4-1.8 0.1-0.4

A. patinoi 3.5-3.8 3.5-3.8 3.8-3.9 -

A. cajennense 3.4-3.6 3.4-3.6 3.6-3.8 0.9 -

A. tonelliae 6.5-6.9 6.6-7.2 6.6-7.0 7.7-8.0 7.9-8.2 03

A.interandinum 6.8-7.2 6.8-7.2 7.0-7.3 8.0-8.2 8.2-8.3 3.4-3.8 0.1

A. americanum 9.6-9.9 9.6-9.9 10.0-10.1 9.7 104 10.7-11.0 10.4-10.6 -
been several records A. mixtum infection by Rickettsia amblyommii, that natural R. rickettsii-infection rates in A. cajennense s.l. ticks are
a possible non-human pathogen or an agent of a much milder infec- usually very low (usually <1%) (Sangioni et al., 2005; Krawczak
tious disease (Bermudez et al., 2009; Hun et al., 2011; Novakova et al.,, 2014). On the other hand, reported rates for R. amblyommii-

et al., 2015). Previous studies in Panama and Brazil have reported infected A. cajennense s.l. ticks are commonly >25% (Bermudez et al.,
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Kimura 2 parameter (K2P) distances (in percentage) for the mitochondrial cytochrome c oxidase subunit I gene (COI) sequences of species of the Amblyomma cajennense
complex, including the A. mixtum sequences generated from ticks collected in Colombia in the present study.

Tick species

A. mixtum (Colombia)

A. sculptumBrazil A. cajennense. s.l. (Panama) A. cajennense s.l. Brazil A. americanum

A. mixtum (Colombia) 0.2-1.0
A. sculptum Brazil 15.6-16.0 -
A. cajennense s.l. (Panama) 3.2-38 16.2 0.0
A. cajennense s.l. (Brazil) 14.5-14.7 4.5 143 0.0
A. americanum 18.4-18.9 18.2 20.2 17.8 -
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Fig. 6. Distribution of Amblyomma mixtum; Amblyomma cajennense s.s.; Amblyomma patinoi (modified from Nava et al., 2014), with the first records in Colombia of A. mixtuma.

2009; Labruna et al., 2004; Soares et al., 2015). Because laboratory
studies have suggested that previous infection by R. amblyommii
could prevent a severe disease during a subsequent infection by
the highly pathogenic R. rickettsii (Blanton et al., 2014; Rivas et al.,
2015), it is possible that previous human contact with A. mix-
tum ticks could decrease potentially fatal spotted fevers, yet to be
reported from the study area.
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