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ABSTRACT

The first molecular screening for Rickettsia, Anaplasma, Ehrlichia, Borrelia, Babesia and Hepatozoon was carried out
in questing Ixodes cf. boliviensis and Ixodes tapirus from Talamanca Mountains, Panama, using specific primers,
sequencing and phylogeny. Phylogenetic analyses for the microorganisms in Ixodes cf. boliviensis confirmed the
presence of Rickettsia sp. strain IbR/CRC endosymbiont (26/27 ticks), three genotypes of the Borrelia burgdorferi
(sensu lato) complex (4/27 ticks), Babesia odocoilei (1/27 ticks), and Hepatozoon sp. (2/27 ticks), tentatively
designated Hepatozoon sp. strain Chiriquensis. Phylogenetic analyses for the microorganisms in I. tapirus revealed
an undescribed Rickettsia sp., tentatively designated Rickettsia sp. strain Itapirus LQ (6/6 ticks), and Anaplasma
phagocytophilum (2/6 ticks). To the best of our knowledge, this is the first report of B. burgdorferi (s.l.) complex,
A. phagocytophilum, B. odocoilei, and Hepatozoon sp. in Ixodes ticks from Central America, and also the first
detection of Rickettsia spp. in Ixodes species in Panama. In light of the importance of these findings, further studies
are needed focusing on the role of I tapirus and I. cf. boliviensis as vectors, and the vertebrates acting as reservoirs.

1. Introduction

Ixodes (Ixodida: Ixodidae) is the most diverse genus of ticks,
comprising nearly 260 species worldwide (Guglielmone et al., 2019;
Saracho-Bottero et al., 2021). Of these, nearly 70 species have been re-
ported parasitizing humans (Guglielmone & Robbins, 2018). From a
public health standpoint, Ixodes spp. are considered among the most
important arthropods, particularly in the Northern Hemisphere, because
of their implications as vectors of Lyme disease (B. burgdorferi (s.l.)
complex), granulocytic anaplasmosis (A. phagocytophilum), and to a lesser
extend of babesiosis and viral diseases (CDC, 2018). In the Neotropics,
where nearly 47 Ixodes species occur (Guglielmone et al., 2019; Sar-
acho-Bottero et al., 2021), parasitism in humans is rare. Indeed, only
L boliviensis, Ixodes pararicinus and Ixodes tropicalis have been reported

feeding on humans in this region (Guglielmone & Robbins, 2018;
Quintero et al., 2020).

In recent decades, a diverse group of microorganisms have been
detected from Ixodes spp. of South America. These finding include the
spotted fever group rickettsia (SFGR) “Candidatus Rickettsia andeanae”
in L boliviensis (see Blair et al., 2004), Rickettsia spp. endosymbionts in
I pararicinus, Ixodes fuscipes and Ixodes cf. affinis (Sebastian et al., 2020),
and the basal group rickettsia Rickettsia bellii in Ixodes loricatus and
L tropicalis (see Melis et al., 2020; Quintero et al., 2020). In addition,
different genotypes of B. burgdorferi (s.l.) complex were reported from
L fuscipes (reported as Ixodes aragaoi), Ixodes auritulus, Ixodes long-
iscutatus, Ixodes neuquenensis, Ixodes paranaensis, I. pararicinus, Ixodes
sigelos group, and Ixodes stilesi (see Barbieri et al., 2013; Ivanova et al.,
2014; Sebastian et al., 2016; Dall’Agnol et al., 2017; Saracho-Bottero
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etal., 2017; Verdugo et al., 2017; Flores et al., 2018; Cicuttin et al., 2019;
Munoz-Leal et al., 2019, 2020; Carvalho et al., 2020). Further, “Candi-
datus Neoehrlichia chilensis” and hemoparasites of the genus Hepatozoon
were found in Ixodes sp. and I sigelos group, respectively (Munoz-Leal
et al., 2019). Although these Ixodes spp. are not of public health impor-
tance (Guglielmone & Robbins, 2018), recognizing tick species that
harbor DNA of possible pathogenic microorganisms constitutes a foun-
dational step to understand putative vector roles.

In Central America, of the 18 reported species of Ixodes, the only
information on associated microorganisms corresponds to SFGR in
L boliviensis, Ixodes minor and Ixodes affinis (Troyo et al., 2014; Ogr-
zewalska et al., 2015; Lopes et al., 2016; Polsomboon et al., 2017;
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Bermidez et al., 2021). Similar to South America, Ixodes spp. in
Central America are not a public health concern (Guglielmone &
Robbins, 2018). Nevertheless, serological evidence indicates exposure
to Lyme disease in people and dogs from Costa Rica (Villalobos-Ztiniga
& Somogyi, 2012; Montenegro et al., 2017), but this infection has not
been confirmed.

Eleven species of Ixodes occur in Panama (Bermtdez et al., 2018) and
there are limited data about their microorganisms (Bermtdez et al.,
2021). In this study, we performed genetic screening for detection of
Rickettsiales (Rickettsia and Anaplasma), B. burgdorferi (s.1.) complex, and
tick-borne hematozoa (Babesia and Hepatozoon) in two species of Ixodes
collected on vegetation in the Talamanca Mountains in Panama.
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Fig. 1. A General view of Panama with Volcan Baru National Park and La Amistad International Park (black rectangle). B Ixodes cf. boliviensis, female. C Ixodes tapirus,

female. D Ixodes cf. boliviensis, male. E Ixodes tapirus, male
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2. Materials and methods
2.1. Sites of collection, tick collection and identification

During September 2019, prospections were performed in the Chiriqui
Province, within the Las Nubes station (Volcan Baru National Park,
VBNP) and in Los Quetzales trail (La Amistad International Park, LAIP),
at an elevation of 2,300 and 2,500 m, respectively (Fig. 1). Both sites
belong to the Talamanca mountain range, which represents the highest
mountains of the country, with elevations above 3,000 m, and are among
the most important hot spots of diversity in Central America, and are also
close to one of the main agricultural production areas in Panama. Ac-
cording to the Koppen-Geiger climatic classification (Kottek et al., 2006),
this region corresponds to tropical wet climate (Am), but due to the high
elevation, subtropical temperatures (0-20 °C), and high humidity pre-
vails (Anonymous, 2007, 2012).

Free-living ticks were collected using white cloth dragging and by
visual search over the vegetation and preserved in 80% ethanol. The ticks
were identified using a taxonomical key (Bermtdez et al., 2018).

2.2. DNA extraction and analysis

Individual ticks were bisected longitudinally using sterile scalpels and
washed with distilled water to remove ethanol. DNA was extracted using
the commercial kit GeneJET Genomic DNA Purification Kit (Thermo
Scientific, Lithuania) following the manufacturer’s instructions.

To compare with other Neotropical Ixodes spp., ticks were analyzed
via PCR amplification of a ~460-bp fragment of the tick mitochondrial
16S rRNA gene (Mangold et al., 1998). The identity and distances for
these sequences were calculated using the Sequence Identity and Simi-
larity calculator (Anonymous, 2021).

Extracted DNA was tested by a battery of PCR protocols targeting
Rickettsia, family Anaplasmataceae, Borrelia, Babesia and Hepatozoon,
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using specific primers and published protocols for each agent (Table 1).
In all PCR assays, distilled water was used as a negative control, and
Rickettsia parkeri strain Toledo, Ehrlichia canis isolate P1091, Borrelia
anserina PL and Babesia bovis Paysandii were included as positive con-
trols. Five microliters of PCR amplicons were separated by electropho-
resis in a 1.5% agarose gel, stained with GoodView TM Nucleic Acid Stain
(Beijing SBS Genetech Co., LTd, China), and examined under UV trans-
illumination. Amplicons were purified using GeneJET PCR purification
kit (Thermo Fisher Scientific, Lithuania).

2.3. Analyses of sequences and phylogenies

Amplicons of expected size were purified and Sanger sequenced
(Macrogen, Korea). Sequences were assembled and trimmed using
Geneious software (Kearse et al., 2012). Consensus sequences were
submitted to BLASTn analyses to compare with sequences available on
GenBank. An alignment of the newly generated sequences and
GenBank-retrieved homologues was built for each microorganism group
with MAFFT (Katoh et al., 2002). Bayesian analyses were performed in
MrBayes v3.1.2 (Huelsenbeck & Ronquist, 2001) employing four inde-
pendent Markov chains, 1,000,000 metropolis-coupled MCMC genera-
tions and sampling trees every 100th generation. The first 25% of the
trees were discarded as “burn-in”, and the remaining trees were used to
calculate the Bayesian posterior probability.

3. Results

We collected 55 adults of Ixodes spp., morphologically identified as
L boliviensis (10 males and 32 females) and I. tapirus (3 males and 10 fe-
males). For molecular identification of ticks, DNA was extracted from 2
females and 2 males of I boliviensis and 2 females of I tapirus.
Ixodes boliviensis collected in Panama showed 92% identity with L. boliviensis
collected in Ecuador, South America (GenBank: KM077437) (Table 2).

Table 1
List of the PCR primers used in the present study

Targeted microorganism Gene Primer name Sequence Length (bp) Reference

Tick (mitochondrial) 16S rRNA 16S +1 CCGGTCTGAACTCAGATCAAG 460 Mangold et al. (1998)
16S-1 GCTCAATGATTTTTTAAATTGCTG

Rickettsia sp. gltA CS-78 GCAAGTATCGGTGAGGATGTAAT 401 Labruna et al. (2004)
CS323 GCTTCCTTAAAATTCAATAAATCAGGAT

Rickettsia sp. gltA CS-239 GCTCTTCTCATCCTATGGCTATTAT 834 Labruna et al. (2004)
CS-1069 CAGGGTCTTCGTGCATTTCTT

Rickettsia spotted fever group ompA Rr190.70p ATGGCGAATATTTCTCCAAAA 532 Roux et al. (1996)
Rr190.602n AGTGCAGCATTCGCTCCCCCT
ompB-OF GTAACCGGAAGTAATCGTTTCGTAA 511

Rickettsia sp. ompB ompB-O GCTTTATAACCAGCTAAACCACC Choi et al. (2005)
ompB SFG IF GTTTAATACGTGCTGCTAACCAA 420
ompB SFG IR GGTTTGGCCCATATACCATAAG

Anaplasmataceae 16S rRNA EHR16SD AGAGTTTGATCCTGGCTCAG 1500 Inokuma et al. (2001)
EHR16SR ACGGCTACCTTGTTACGACTT

Ehrlichia spp. Dsb Dsb-330 GATGATGTTTGAAGATATSAAACAAAT 409 Doyle et al. (2005)
Dsb-720 CTATTTTACTTCTTAAAGTTGATAWATC
Dsb-380 ATTTTTAGRGATTTTCCAATACTTGG

Ehrlichia spp. groEl HSla AITGGGCTGGTAITGAAAT 1297 Lotric-Furlan et al. (1998)
HS6a CCICCIGGIACIAIACCTTC
HS43 ATWGCWAARGAAGCATAGTC
HSVR CTCAACAGCAGCTCTAGTAGC

Borrelia spp. 16S rRNA LoneTop CTGGCAGTGCGTCTTAAGCA 869 Cyr et al. (2005)
Tecla/p TCTTGCGAGCATACTCCCCAG

Borrelia spp. flab Fla LL ACATATTCAGATGCAGACAGAGGT 665 Barbour et al. (1996)
Fla RL GCAATCATAGCCATTGCAGATTGT
FlaRS CTTTGATCACTTTCATTCTAATAGC
FlaLS AACAGCTGAAGAGCTTGGAAT

Borrelia spp. Flab Fla LS AACAGCTGAAGAGCTTGGAATG 354 Barbour et al. (1996)
Fla RS CTTTGATCACTTATCATTCTAATAGC

Piroplasmid 18S rRNA BAB 143-167 CCGTGCTAATTGTAGGGCTAATACA 551 Soares et al. (2017)

BAB 694-667

GCTTGAAACACTCTARTTTTCTCAAAG




S.E. Bermiidez C. et al.

Table 2
Percent identity of 16S rDNA sequences of Ixodes cf. boliviensis and other Ixodes
spp. available on GenBank

1 2 3 4 5 6
1 Ixodes cf. boliviensis -
(IbH1)
2 Ixodes cf. boliviensis 99.02 -
(IbM4)
3 Ixodes cf. boliviensis 99.26  99.51 -
(IbH25)
4 Ixodes cf. boliviensis 99.26 99.51 100 -
(IbM32)
5  Ixodes sp. Il MO-2013 98.78 99.02 99.51 99.51 -
(KF702351)
6 Ixodes boliviensis 93.17 92.43 92.68 92.68 93.17 -
(KMO077437)

Since I. boliviensis corresponds to a taxon described in South America, this
difference may indicate two different tick species; therefore, here we name
the specimens from Panama provisionally as Ixodes cf. boliviensis. Our study
also provides the first DNA sequences of L. tapirus. The newly generated 16S
rDNA sequences for the two tick species are available on GenBank under the
accession numbers MW717930 and MW717931 (I tapirus females),
MW717933 and MW717934 (1. cf. boliviensis female and male from VBNP),
and MW717934 and MW717935 (I. cf. boliviensis female and male from
LAIP). Voucher materials (15 I. cf. boliviensis and 6 I. tapirus) were deposited
in the Ectoparasites Collection of the “Dr. Eustorgio Méndez” Zoological
Collection of the Gorgas Memorial Institute for Health Studies, under the
accession numbers CoZEM-ICGES IX096-098.

A total of 33 ticks were screened for Rickettsia, Anaplasma, Ehrlichia,
Borrelia, Babesia and Hepatozoon, corresponding to 27 I cf. boliviensis (20
females and 7 males) and 6 females of I. tapirus. Of these, 26 I cf. boli-
viensis yielded amplicons for at least one of the species of bacteria or
hematozoa, and all I. tapirus yielded amplicons for Rickettsiales (Table 3).

DNA of Rickettsia spp. was detected in 96% of I cf. boliviensis and
100% of I tapirus analyzed (Table 3). Both L cf. boliviensis (17 females
and 6 males) and I. tapirus (6 females) yielded sequences of the gltA gene
which showed 99.0-99.8% similarity with Rickettsia IRS3 (GenBank:
AF140706.1). Partial ompA gene sequences were generated from 19

Table 3
Microorganisms detected in Ixodes cf. boliviensis and Ixodes tapirus from highlands
of western Panama

Microorganism LAIP VBNP
Ixodes cf. boliviensis Ixodes cf. boliviensis ~ Ixodes
tapirus
Q 3 ? 3 Q
(n=17) (n=6) (n=3) n=1) (n=6)
n (%) n (%) n (%) n (%) n (%)
Rickettsia sp. strainIbR/ 15 5 1 0 0
CRC (88.2) (83.3) (33.3)
Rickettsia sp. strain 0 0 0 0 6 (100)
Itapirus LQ
Anaplasma 0 0 0 0 2(33.3)
phagocytophilum
Borrelia sp. strain 2(11.0) 0 0 0 0
Talamanca A
Borrelia sp. strain 1(5.8) 0 0 0 0
Talamanca B
Borrelia sp. strain 1(5.8) 0 0 0 0
Talamanca C
Babesia odocoilei 0 1 1 0 0
(16.7) (33.3)
Hepatozoon sp. strain 2(11.8) 0 0 0 0

Chiriquensis

Abbreviations: LAIP, La Amistad National Park, Las Nubes Station; VBNP, Volcan
Bart National Park, Los Quetzales trail.
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females and 6 males of I cf. boliviensis and all I tapirus; these showed
98.7-99.5% similarity to Rickettsia sp. IbR-CRC2 (GenBank: KJ507218).
Partial ompB gene sequences were generated from 18 females and 6
males of L cf. boliviensis and from all I. tapirus; these showed 98.6-99.2%
similarity to uncultured Rickettsia sp. clone C23 (GenBank: MF170623).
The phylogenetic analyses grouped the newly generated sequences into
two clades within Rickettsia endosymbionts of Ixodes spp. of the New
World (Fig. 2). While the glitA and ompA genotypes detected in I cf.
boliviensis shared a clade with Rickettsia sp. strain IbR/CRC albeit with
low support, the genotypes detected in I tapirus represented a different
sister lineage (Fig. 2B). Tentatively the genotype found in L tapirus is
designated as Rickettsia strain Itapirus LQ, after the species of tick and the
name of the trail (Los Quetzales).

DNA of A. phagocytophilum was detected in two L tapirus females. The
sequences generated for both 16S rRNA and groEl genes were identical
for each gene and showed a similarity to A. phagocytophilum reported on
GenBank (98.6% for 16S rDNA (AY527213, KP276588) and 100% for
groEl (KM215261, EU246959)). Phylogenetic analyses for both genes
confirmed the similarity among A. phagocytophilum detected in the two
I tapirus females, which formed a separate clade within other isolates of
A. phagocytophilum reported from vertebrates and ticks (Fig. 3).

DNA of Borrelia spp. was amplified in four I cf. boliviensis females
from LAIP using the flaB gene primers but not with Borrelia genus-specific
primers for the 16S rRNA gene. BLASTn searches revealed a similarity of
97-99% of the newly generated sequences with Borrelia carolinensis
isolate BR1972-11 (GenBank: MK604312), and three sequences showed
98% similarity with Borrelia lanei isolate BR1945-11 (GenBank:
MK604329). The phylogenetic analysis showed that three genotypes
grouped within the B. burgdorferi (s.l.) complex (Fig. 4). Tentatively these
genotypes are designated as Borrelia sp. strain Talamanca A, B and C,
after the mountainous region where they were detected (Table 3). Bor-
relia sp. Talamanca A formed a closely related monophyletic group with
B. burgdorferi (s.s.).

Finally, in three L cf. boliviensis we obtained two identical sequences
of the 18S rRNA gene, which were compatible with Hepatozoon sp. We
tentatively designated these as Hepatozoon sp. strain Chiriquensis, after
the province of Chiriqui. In the phylogenetic analysis, these sequences
were grouped with sequences obtained from ticks or mustelids (Fig. 5);
however, the support for this relationship was low. DNA of B. odocoilei
was detected in one I. cf. boliviensis; the sequence showed 98% similarity
to B. odocoilei (GenBank: MF357057.1). The phylogenetic analysis
showed that this sequence clusters within the well-supported B. odocoilei
clade (Fig. 6).

4. Discussion

Ixodes cf. boliviensis and I. tapirus have been reported in highlands of
Panama since the middle of the 20th century (Fairchild et al., 1966);
however, little is known about these species. Both species are common to
collect in trails of VBNP and LAIP, and crawl actively in the underbrush
vegetation, possibly due to the behavior of their hosts. In Panama, I cf.
boliviensis feeds mainly on wild and domestic carnivores, but also other
mammals and humans are included as sporadic hosts (Fairchild et al.,
1966; Bermudez et al., 2018). Since I cf. boliviensis could be a species
different from L boliviensis, this fact is relevant for public health, because
the only reports of I. boliviensis parasitizing humans have been registered
in Mexico and Central America, but not in South America (Guglielmone
& Robbins, 2018). Regarding L. tapirus, to our knowledge, tapirs (Tapirus
pinchaque and Tapirus bairdii) are the only hosts of this species (Fairchild
et al., 1966; Apanaskevich et al., 2017).

To the best of our knowledge, this is the first study to molecularly
detect multiple microorganisms in questing I. cf. boliviensis and . tapirus.
Despite the small numbers of ticks analyzed, it is interesting to note the
wide variety of microorganisms found in both species. Since these find-
ings were in adults in questing phases, the presence of these microor-
ganisms must be a result of transstadial transmission.
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Rickettsia sp. Ixodes sp. cf. I. affinis Argentina (MT441706.1)
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[ Rickettsia sp. strain Atlantic rainforest Amblyomma ovale Brazil (KX137902.1)
Rickettsia sibirica Rhipicephalus annulatus Israel (JF700255.1)

"Candidatus Rickettsia tarasevichiae" xodes persuicatus China (MN4504
1
4‘ t Candidatus Rickettsia angustus® Ixodes augustus Canada (HF935078.1)
“Candidatus Rickettsia king" Ixodes angustus Canada (HF935077.1)

Rickettsia endosymbiont Ixodes pacificus USA (KX505847.1)
‘{> Rickettsia sp. Ixodes pacificus USA (GQ375161.1)

Rickettsia sp. Ixodes pacificus USA (EUS44298.1)

Ricketsia sp. midichlorii [xodes scapulars USA (GQ902957.1)

Rickettsia sp. Ixodes scapularis USA (KP172262.1)
. Rickettsia buchneri Ixodes scapularis USA (JFKF01000169.1)

Rickettsia cooleyi Ixodes scapularis USA (AF031535.1)

- Rickettsia sp. Ixodes pararicinus Argentina (MT441703.1)
Rickettsia monacensis Ixodes ricinus ltaly (MG441703.1)

4( Rickettsia monacensis Ixodes ricinus Bosnia and Herzegobina (KT805292.1)
Rickettsia monacensis Ixodes ricinus Slovakia (KF016137.1)

Rickettsia sp. IbR-CRC2 Ixodes boliviensis Costa Rica (KJ507218.1)

Rickettsia sp. IbR-CRC1 Ixodes boliviensis Costa Rica (KJ507217.1)

Rickettsia sp. Ixodes cf. boliviensis Panama (MW731468)
Rickettsia sp. Ixodes cf. boliviensis Panama (MW731469)
Rickettsia sp. Ixodes of. boliviensis Panama (MW699697)
Rickettsia sp. Ixodes cf. boliviensis Panama (MW699699)
Rickettsia sp. Ixodes cf. boliviensis Panama (MW699698)
Rickettsia sp. Ixodes cf. boliviensis Panama (MW699700)
Rickettsia endosymbiont xodes tapirus Panama (MW699701)
Rickettsia endosymbiont Ixodes tapirus Panama (MWGE69696)

Rickettsia sp. Aragoi Ixodes aragoi Brazil (KX077194.1)

0.02 Rickettsia sp. Ixodes affinis Belize (KU001175.1)

B Ricketsia sp. xodes sp. cf. . affinis Argentina (MT441707.1)

099 Rickettsia sp. Ixodes sp. cf. . affinis Argentina (MT441705.1)

Fig. 2. Bayesian phylogenetic trees for Rickettsia spp. based on the gltA (A) and ompA (B) genes. Bayesian posterior probabilities are shown at the nodes (only
values > 0.95 are shown). Rickettsia sibirica and Rickettsia parkeri were used as the outgroup. The newly generated sequences are indicated in bold

0.008

A

Ehriichia ruminantium strain Welgevonden (NR_074155.1)

[ ilum Ixodes

Anaplasma centrale South Africa (AF4148669)
Anaplasma centrale strain vaccine Australia (AF414868)

Anaplasma ovis Capra hicus China (AJ633049)

“*% Anaplasma ovis South Africa (AF414870)

Anaplasma marginale China (AJ633048)
Anaplasma marginale USA (AF311303)

Ehrlichia inantium strain (U13638.1)
Anaplasma sp. ticks China (KJ410304.1)
Anaplasma centrale cattie Uguanda (KY523000.1)
r Anaplasma marginale Syncerus caffer South Africa (KY305562.1)

1
1 marginale Syncerus caffer South Africa (KY305561.1)

Anaplasma marginale Uruguay (AF414877)

1 ‘Anaplasma odocoilei Lipoptena depressa USA (KT870139.1)
odocoilei Oc USA (JX87664«

-9 Anaplasma platys Canis lupus familiaris (M828001)
Anaplasma platys Canis lupus familiaris Brazil (JX118826)
T Anaplasma platys Canis lupus familiaris France (AF303467)

Anaplasma platys Canis lupus familiaris Spain (AY530806)
Anaplasma platys Canis lupus familiaris Thailand (AF286699)
Anaplasma phagocytophilum human USA (NR_044762.1)
Anaplasma phagocytophilum Ixodes ricinus Austria (JX173652)
Anaplasma phagocytophilum Canis lupus familiaris Germany (JX173€
Anaplasma phagocytophilum Equus caballus Sweden (AY527213)
Anaplasma phagocytophilum horse USA (AF172166.1)
Anaplasma phagocytophilum Ixodes tapirus Panama (MW67750
Anaplasma phagocytophilum Ixodes tapirus Panama (MW67750
Russia (HM366580)
Anaplasma phagocytophilum Apodemus agrarius South Korea (KRE€

99|

Anaplasma phagocytophilum Bos taurus Turkey (KP7445629)
Anaplasma phagocytophilum Ixodes pacificus USA (KP276588)

Anaplasma bovis Japan (AB196475.1)
0.99|~  Anaplasma bovis South Africa (U03775)
Anaplasma bovis Elephantulus myurus South Africa (KC
1 sp. ira Uruguay (MN81
1 Anaplasma sp. red brocket deer Brazil (KF0220576)

Anaplasma sp. red brocket deer Brazil (KF0205577)

Anaplasma ovis strain ovi South Africa (AF441131.1)
1

Anaplasma ovis goat Cyprus (FJ460441.1)

_E Anaplasma platys Boophilus microplus China (KX987394.1)
n:

Anaplasma platys Brazil (EU516386.1)

odocoilei Odocoil irginic USA (JX876642.1)

‘{ Anaplasma phagocytophilum Ixodes tapirus Panama (MW699686)
1
Anaplasma phagocytophilum Ixodes tapirus Panama (MW699687)

Anaplasma phagocytophilum dog USA (AY219849.1)

Anaplasma phagocytophilum Ixodes pacificus USA (AF173989.1)

Anaplasma phagocytophilum Ixodes ricinus Slovakia (EU246959.1)

Anaplasma phagocytophilum Cervus elaphus Slovakia (KM215261.1)
Anaplasma phagocytophilum Brazil (KF836094.1)

Anaplasma sp. horse Russia (MH535860.1)

Anaplasma phagocytophilum Sus scrofa Czech Republic (MT498612.1)

0.08

B

Anaplasma phagocytophilum Ixodes ricinus Russia (HQ6229908.1)

Fig. 3. Bayesian phylogenetic trees for Anaplasma phagocytophilum based on the 16S rDNA (A) and groEl (B) genes. Bayesian posterior probabilities are shown at the
nodes (only values > 0.95 are shown). Ehrlichia ruminantium was used as the outgroup. The newly generated sequences are indicated in bold

Rickettsia sp. strain IbR/CRC was initially found in I. boliviensis from
Costa Rica (Troyo et al., 2014), therefore our finding was to be expected,
considering that Talamanca Mountains extend to Costa Rica and repre-
sent similar environments. Our phylogenetic analysis showed that Rick-
ettsia strain Itapirus LQ differs from Rickettsia sp. strain IbR/CRC;
therefore, the degree of nucleotide dissimilarity (0.1-0.2% for gltA and

0.2-0.4% for ompA) allows these to be considered as two different en-
dosymbionts, and not a genetic variety. Regarding the ompB gene, the use
of a highly conserved fragment prevented the separation of these Rick-
ettsia genotypes. Considering Fournier et al. (2003) and Fournier and
Raoult (2009) about the differences in the homologous sequences of gitA,
ompA and ompB genes, and the present phylogenetic analysis, both
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Fig. 4. Bayesian phylogenetic trees for Borrelia spp. based on the flaB gene. Bayesian posterior probabilities are shown at the nodes (only values > 0.95 are shown).
Borrelia turcica and Borrelia tachyglossi were used as the outgroup. The newly generated sequences are indicated in bold

rickettsiae represent endosymbionts of the genus Rickettsia not yet
described.

Rickettsia endosymbionts can be transmitted vertically and show a high
prevalence in tick populations (Socolovschi et al., 2009; Kurtti et al.,
2015), a fact that explains our findings in L cf. boliviensis (96%) and
L tapirus (100%). Other Rickettsia endosymbionts from Central American
Ixodes spp. include Rickettsia sp. strain Barva in I. minor from Costa Rica
(Ogrzewalska et al., 2015) and Rickettsia spp. in L affinis from Belize and
Panama (Lopes et al., 2016; Polsomboon et al., 2017; Bermidez et al.,
2021). Springer et al. (2018) reported Rickettsia monacensis in I. boliviensis
from Costa Rica based on multi-locus typing of seven loci; however, our
phylogenetic analyses showed that Rickettsia sp. IbR/CRC strain from
Costa Rica and Panama share, albeit with low support, the same clade with
other Rickettsia endosymbionts reported in Ixodes spp. of Central and South
America. This clade is separate from R. monacensis; therefore, because this
pathogen is reported from Ixodes ricinus complex in Europe, its records
from Ixodes spp. in Central America must be considered with caution.

This is the first report of A. phagocytophilum in I tapirus. Phyloge-
netic results demonstrated various genotypes of A. phagocytophilum
around the world, which have been detected in Ixodes spp. or from
different groups of mammals (Brouqui & Matzumoto, 2007). This

pathogen affects domestic mammals such as horses, ruminants and
carnivores, and also causes human granulocytic anaplasmosis, a disease
reported in some countries of Europe and in the USA (Grzeszczuk et al.,
2007).

In the Neotropics, information of Anaplasma spp. includes reports in
mammals and ticks from Mexico (Ojeda-Chi et al., 2019) and South
America (Santos et al., 2013; Félix et al., 2020). In Ecuador, genotypes
closely related to A. phagocytophilum were reported in Amblyomma mul-
tipunctum collected from T. pinchaque and vegetation (Pesquera et al.,
2015). The finding of Anaplasma spp. in A. multipunctum and I. tapirus
may represent a potential ticks-tapirs relationship to investigate. Since
A. phagocytophilum is a pathogen of medical and veterinary importance,
its relevance in Panama should be considered.

Our findings of three genotypes of the B. burgdorferi (s.L) complexin L. cf.
boliviensis, indicate that the Talamanca strain A is a sister group of
B. burgdorferi (s.s.), while strains Talamanca B and C represent different
lineages. Considering the diversity of this complex in South American Ixodes
spp., our results indicate that B. burgdorferi (s.1.) complex may be widely
distributed in Talamanca Mountains. Since B. burgdorferi (s.l.) complex in-
cludes more than 20 species of pathogens and endosymbionts (Carvalho
etal., 2020), our findings do not necessarily indicate a risk to public health,
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even though Ixodes cf. boliviensis is a synanthropic and anthropophilic tick in
the highlands of Panama (Bermtdez et al., 2016, 2018).

Babesia odocoilei is a parasite of deer in North America and has been
related to Ixodes scapularis (see Milnes et al., 2019). Criado-Fornelio et al.
(2003) pointed out that B. odocoilei belongs to the “true” Babesia group,
along with Babesia canis, Babesia gibsoni and Babesia divergens, and Van-
nier and Krausse (2009) indicated that Babesia venatorum is a species
closely related to B. odocoilei.

—

Current Research in Parasitology & Vector-Borne Diseases 1 (2021) 100034

According to Smith (1996), the genus Hepatozoon includes more than
300 species. Reports for Hepatozoon spp. from Panama include Hep-
atogoon muris and Hepatozoon procyonis, diagnosed by microscopy of
blood samples from rats and raccoons, respectively (Schneider, 1968),
and an undescribed Hepatozoon sp. from a blood sample form the pit
viper Bothrops asper (see Quintero et al., 2021). Phylogenetic analyzes
indicate that the Hepatozoon strain Chiriquensis detected here represents
a putative new species.

Adelina grylli Gryllus bimaculatus (DQ096836.2)
Dactylosoma kermiti Ptychadena anchietae South Africa (MN879392.1)

Dactylosoma ranarum Rana esculenta (HQ224958.1)
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1
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Haemogregarina pellegrini Malayemys subtrijuga Vietham (KM887508.1)

1

1

0.98

Hepatozoon sp. Ixodes cf. boliviensis Panama (MW724528)
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Hepatozoon sp. Martes melampus Japan (FJ595132.1)
Hepatozoon sp. Dermacentor nuttalli China (KX016029.1)
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Hepatozoon sp. Martes foina Croatia (MG136688.1)
Hepatozoon sp. Meles meles Spain (KU198330.1)
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Hepatozoon sp. Martes melampus Japan (FJ595127.1)
Hepatozoon sp. Martes martes Spain (EF222257.1)

Hepatozoon americanum sporozoites USA (AF176836.1)
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Lﬂ
Lﬁ
g
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Hepatozoon sp. Lycalopex griseus Argentina (MK049949.1)

Hepatozoon sp. Cerdocyon thous Brazil (KC127679.1)
Hepatozoon canis fox Spain (AY150067.2)
Hepatozoon canis cat Israel (KC138531.2)
Hepatozoon canis dog Venezuela (DQ439540.1)
Hepatozoon felis cat Spain (AY620232.1)
Hepatozoon felis cat Spain (AY628681.1)
Hepatozoon felis tiger India (HQ829445.1)
Hepatozoon silvestris cat Switzerland (MH078194.1)
Hepatozoon silvestris cat Bosnia and Herzegovina (KX757032.1)
Hepatozoon ursi Ursus thibetanus Japan (EU041718.1)
Hepatozoon ursi Melursus ursinus India (HQ829437.1)
Hepatozoon sp. Philodryas patagoniensis Uruguay (MN0O03357)
Hepatozoon musa Philodryas nattereri Brazil (KX880079.1)

Hepatozoon sp. Philodryas patagoniensis Uruguay (MN003356)
Hepatozoon domerguei Furcifer sp. Madagascar (KM234649.1)

Hepatozoon sp. Mabuya wrightii Seychelles (HQ292771.1)
Hepatozoon ayorgbor Python regius Ghana (EF157822)

Fig. 5. Bayesian phylogenetic tree for Hepatozoon spp. based on the 18S rRNA gene. Bayesian posterior probabilities are shown at the nodes (only values > 0.95 are
shown). Adelina grylli was used as the outgroup. The newly generated sequence is indicated in bold
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Theileria parva Syncerus caffer South Africa (HQ895985.1)
Babesia gibsoni dog Asia (AB478329.1)
Babesia gibsoni dog India (KC954653.1)

Babesia gibsoni dog India (KC461261.1)

Babesia canis vogeli dog Taiwan (HQ148664.1)
Babesia canis canis dog Croatia (AY072926.1)
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Babesia major cow France (EU622907.1)
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;[
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Babesia motasi ovine Spain (AY533147.1)
Babesia bigemina erythrocytic culture Mexico (X59604.1)
Babesia ovata cow Japan (XR_003751973.1)

Babesia caballi horse South Africa (EU642513.1)

Babesia odocoilei deer USA (U16369.2)
Babesia odocoilei Ovibos moschatus USA (AY661510.1)
Babesia odocoilei Cervus canadensis Canada (MF045131.1)
Babesia sp. Rangifer tarandus USA (AF158711.1)
Babesia odocoilei Ixodes cf. boliviensis Panama (MW724527)
Babesia venatorum Ixodes persulcatus Mongolia (LC005777.1)
1 Babesia venatorum Ixodes persulcatus China (KU204792.1)
Babesia venatorum Capreolus capreolus Czech Republic (MG344777.1)
Babesia divergens Human Russia (MK510929.1)

Babesia divergens rabbit USA (AY144688.1)

Fig. 6. Bayesian phylogenetic trees for Babesia based on the 18S rRNA gene. Bayesian posterior probabilities are shown at the nodes (only values > 0.95 are shown).
Theileria parva was used as the outgroup. The newly generated sequence is indicated in bold

5. Conclusions

In comparison to other genera of the family Ixodidae, such as
Amblyomma or Rhipicephalus, there are few studies of Ixodes spp. from
Panama and Central America (Bermudez et al., 2016; Bermtdez & Troyo,
2018). Our results present novel data for different microorganisms
associated with two species of Ixodes, showing the importance that these
ticks may have in enzootic cycles for pathogens such as
A. phagocytophilum, but also in the maintenance of species whose path-
ogenic potential remains unknown, such as Rickettsia spp. strains

IbR/CRC and Rickettsia sp. strain Itapirus LQ, Borrelia sp. strains Tala-
manca, B. odocoilei, and Hepatozoon sp. strain Chiriquensis. Therefore,
further studies are necessary to demonstrate the ecology of these mi-
croorganisms in the Talamanca Mountains range.
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