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A B S T R A C T

Borrelia burgdorferi sensu lato (s. l.) spirochetes are associated with a wide range of vectors and hosts. Birds are
important hosts in the ecology of some hard ticks (Ixodidae) in northwestern Argentina, where B. burgdorferi s.l.
have been detected in Ixodes pararicinus. We evaluated Borrelia infection in ticks collected from wild birds by
molecular analysis through the presence of Borrelia DNA (by nested-PCR targeting the fla gene). A total of 381
ticks (357 larvae and 24 nymphs) belonging to four species (I. pararicinus, Haemaphysalis juxtakochi,
Haemaphysalis leporispalustris and Amblyomma sp.) were collected. Partial sequences of the fla gene of Borrelia
(100% identical to Borrelia sp. haplotype I from Argentina) were detected in 9 of 70 tick pools (6 pools of larvae
and 1 pool of nymphs of I. pararicinus, and in 2 pools of H. juxtakochi larvae) collected on Turdus rufiventris,
Syndactila rufosuperciliata and Troglodytes aedon. The results of this study suggest that resident birds have re-
servoir capacity for Borrelia sp. haplotype I.

1. Introduction

The Borrelia burgdorferi sensu lato (s. l.) complex constitutes a group
of tick-associated bacteria composed by at least 20 genospecies with
worldwide distribution (Margos et al., 2011, 2014; Ivanova et al.,
2014). Borrelia burgdorferi sensu stricto (s. s.), Borrelia afzelii and Bor-
relia garinii have been recognized as important human pathogens in the
Northern Hemisphere (Neartic and Palearctic Zoogegraphical Regions)
(Stanek et al., 2012). Recent research detected in southern South
America congeneric organisms phylogenetically related to B. americana
and Borrelia sp. genospecies 1 from United States infecting ticks of the
genus Ixodes (Barbieri et al., 2013; Nava et al., 2014), Borrelia chilensis
in Ixodes stilesi (Ivanova et al., 2014) and Borrelia genospecies closely
related to B. chilensis in Ixodes sigelos and Ixodes neuquenensis (Sebastian
et al., 2016). Particularly, DNA of Borrelia has been detected in Ixodes
pararicinus ticks collected in the northwestern region of Argentina
(Nava et al., 2014; Saracho Bottero et al., 2017; 2018).

Ixodes pararicinus is distributed in Argentina, Colombia and Peru
(Keirans et al., 1985; Guglielmone et al., 1992; Mattar and Lopéz-
Valencia, 1998; Díaz et al., 2007) In Argentina, I. pararicinus inhabits
the Yungas ecoregion and has been collected in the provinces of Jujuy,

Salta, and Tucuman (Guglielmone and Nava, 2005). In these regions,
while larvae and nymphs of I. pararicinus feed mainly on rodents and
birds (Beldoménico et al., 2003; Flores et al., 2014), adults are found
frequently associated with Mazama gouazoubira, Tayassu tajacu (Mam-
malia: Artiodactyla), cattle and horses (Guglielmone and Nava, 2005).

In nature, B. burgdorferi s. l. is maintained by complex enzootic
cycles involving a large variety of mammalian, avian and reptilian hosts
and hard ticks of the genus Ixodes as vectors (Margos et al., 2011).
However, different groups of vertebrates differ in their capacity as host
for Borrelia genospecies. Borrelia burgdorferi s.s. is considered a gen-
eralist species, while B. garinii, B. valaisiana and B. afzelii are considered
specialist. Borrelia garinii and B. valaisiana are mainly maintained by
avian hosts whereas B. afzelii is a rodent specialist (Kurtenbach et al.,
2006). Wild birds are among the most mobile tick hosts, and play an
important role carrying ticks and their associated pathogens (Elfving
et al., 2010; Flores et al., 2016). Some passerine birds act as reservoir
hosts for B. burgdorferi s.l. (Scott et al., 2001; Norte et al., 2013). In
northwestern Argentina, B. burgdorferi s.l. have been detected in I.
pararicinus (Nava et al., 2014; Saracho Bottero et al., 2017; 2018);
however, there is no information about the role of autochthonous birds
as hosts for Borrelia spp. The present study evaluated Borrelia infection
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in ticks collected from wild birds in northwestern Argentina.

2. Materials and methods

2.1. Study site and bird captures

The study was conducted in the Yungas ecoregion (El Rey National
Park: 24°43′S, 64°38′W), northwestern Argentina (Burkart et al., 1999)
during May of 2012. Birds were captured using mist nets that remained
active during morning and twilight hours as previously reported (Flores
et al., 2014). Each individual bird was identified following Narosky and
Yzurieta (2010), classified according to Clements et al. (2016) criteria
and examined for ticks using fine-tipped tweezers. After being pro-
cessed, the birds were released, and the obtained ticks were stored
frozen until specific determination in the laboratory. Identification was
carried out following Kohls (1960), Venzal et al. (2005) and Nava et al.
(2017), and by comparison with laboratory-reared material deposited
at the tick collection of the Instituto Nacional de Tecnología Agrope-
cuaria, Estación Experimental Agropecuaria Rafaela, Argentina. Al-
though there are not formal descriptions to differentiate immature
stages of I. pararicinus and I. aragaoi, we have assumed that our findings
correspond to I. pararicinus since the ticks processed in this study were
collected in an area which corresponds to the distributional area of I.
pararicinus in Argentina (see Nava et al., 2017). The results of the ticks
infesting these birds have been published elsewhere (Flores et al.,
2014). To determine the probable participation of the bird species as
reservoir host, the infection in engorging or engorged larvae collected
was determined (Gern et al., 1998).

2.2. Molecular detection and characterization of Borrelia species

For each individual bird, ticks were separated according to the de-
velopmental stage and homogenised with a pestle in pools of 1–39
larvae and 1–4 nymphs. DNA extraction from each pool was performed
using the AxyPrep Body Fluid Viral DNA/RNA Miniprep Kit (Axygen
Biosciences, USA) following the manufacturer’s instructions. The pre-
sence of Borrelia DNA was tested by nested-PCR targeting the flagellin
gene (fla), which is present in all Borrelia species, using primers Fla LL
(5′-ACA TAT TCA GAT GCA GAC AGA GGT- 3′) and FLA RL (5′-GCA
ATC ATA GCC ATT GCA GAT TGT-3′) for the first reaction, and primers
Fla LS (5′-AAC AGC TGA AGA GCT TGG AAT G-3′) and FLA RS (5′-CTT
TGA TCA CTT ATC ATT CTA ATA GC-3′) for the nested reaction. The
first reaction targets a 665-bp fragment, and the nested reaction targets
a 354-bp fragment. PCR conditions were adopted as described else-
where (Barbour et al., 1996). For all PCR reactions, water was included
as negative control, and Borrelia anserina DNA (Ataliba et al., 2007) was

included as positive control. PCR products were purified using ExoSAP-
IT® (USB Corporation, Cleveland, OH), and submitted to DNA sequen-
cing in an ABI automatic sequencer (Applied Biosystems/Thermo Fisher
Scientific, model ABI 3500 Genetic Analyser, Foster City, CA). DNA
sequences were assembled, aligned and compared to each other using
Geneious R9 software (Kearse et al., 2012), and also compared with
sequences deposited in GenBank through BLAST analyses (www.ncbi.
nlm.nih.gov/blast/).

3. Results

Overall, 85 birds were captured, of which 42 (49%) were infested by
ticks. Parasitized birds belonged to 14 of 27 species, 9 of 12 families
and three orders. A complete list of these tick-host associations has been
published elsewhere (Flores et al., 2014). A total of 381 ticks (357
larvae and 24 nymphs) belonging to the following four species were
collected: I. pararicinus (236 larvae and 11 nymphs), Haemaphysalis
juxtakochi (89 larvae and 9 nymphs), Haemaphysalis leporispalustris (12
larvae and 4 nymphs), Haemaphysalis sp. (10 larvae), and Amblyomma
sp. (10 larvae). Ixodes pararicinus was the most abundant species, col-
lected on 37/42 (88%) birds.

Among 70 evaluated tick pools (42 of I. pararicinus, 15 of H. jux-
takochi, 5 of H. leporispalustris, 4 of Haemaphysalis sp. and 4 of
Amblyomma sp.), DNA of Borrelia was detected in 6 pools of larvae and
1 pool of nymphs of I. pararicinus, and in 2 pools of H. juxtakochi larvae.
Borrelia-positive tick pools were collected on 5 Turdus rufiventris, 1
Syndactila rufosuperciliata and 1 Troglodytes aedon (Table 1). In 4 out of
5 Turdus rufuventris, 1 out of 1 Syndactila rufosuperciliata, and 1 out of 1
Troglodytes aedon, Borrelia-positive larvae were found, while no nymphs
or positive nymphs were detected on the same bird individuals (ex-
cluding/ reducing the probability of co-feeding transmission) sug-
gesting that infection was acquired from the birds.

Partial sequences of the fla gene from tick pools were 100% iden-
tical to each other and to the sequence of Borrelia sp. haplotype I from
Argentina (GenBank accession number: KJ994335). The fla gene partial
sequences generated in the present study have been deposited in
GenBank under the accession numbers KY984010-KY984018.

4. Discussion

In the present work we detected the presence of B. burgdorferi s. l.
DNA in two of the four species of tick collected on free ranging birds.
Engorged larvae and nymphs of I. pararicinus and H. juxtakochi were
found to contain Borrelia DNA. These ticks were found feeding on T.
rufiventris, S. rufosuperciliata and T. aedon. The sequences obtained from
a fragment of the Borrelia fla gene were 100% identical to sequences

Table 1
Analyzed Borrelia-infected ticks collected from avian hosts in El Rey National Park, northwestern Argentina, in 2012.

Bird family Bird species No. birds with infected Ticks /No. infested birds (%) Ticks
IDa Species Stageb No. of ticks analyzed in one pool

Furnaridae Syndactyla rufosuperciliata 1/3 (33) Rey28 Ixodes pararicinus L 4
Troglodytidae Troglodytes aedon 1/4 (25) Rey18 Ixodes pararicinus L 7
Turdidae Turdus rufiventris 5/10 (50) Rey17 Ixodes pararicinus L 2

Ixodes pararicinus N 1
Haemaphysalis juxtakochi L 4

Rey27 Ixodes pararicinus L 7
Ixodes pararicinus N 3

Rey31 Ixodes pararicinus L 10
Haemaphysalis juxtakochi L 14

Rey33 Ixodes pararicinus L 13
Ixodes pararicinus N 1
Haemaphysalis juxtakochi L 39
Haemaphysalis juxtakochi N 3

Rey36 Ixodes pararicinus L 4

a ID: Bird identification.
b L: larvae; N: nymphs.
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previously detected in I. pararicinus adult ticks collected on vegetation
in the same region of the present study (Borrelia sp. haplotype I) (Nava
et al., 2014).

The present detection of Borrelia DNA in I. pararicinus larvae is
complementary to the studies of Nava et al. (2014) and Saracho Bottero
et al. (2017), who detected infection in unfed adults collected on ve-
getation and in semi-engorged nymphs collected on birds, respectively.
In addition, we report for the first time that individuals of H. juxtakochi
contained Borrelia DNA; however, this detection alone does not prove
any vector role. Sun and Xu (2003) observed that B. garinii did not
survive to the digestion process in Haemaphysalis concinna, precluding
transstadial survival of the bacterium in this tick species. Therefore, at
this moment, our findings for H. juxtakochi do not imply that this spe-
cies has any epidemiological role.

The three bird species harboring Borrelia-positive ticks, T. rufiventris,
S. rufosuperciliata and T. aedon, are resident species. Similarly, Saracho
Bottero et al. (2017) obtained positive samples for Borrelia from I.
pararicinus collected on T. rufiventris, T. nigriceps and S. rufosuperciliata.
In the present work, no T. nigriceps was captured, since this species is a
latitudinal migrant and its density decreases during the winter season
(Blake and Rouges, 1997). The importance of birds, including those
belonging to the genus Turdus and T. aedon, in the ecology of the genus
Borrelia is recognized in the Northern Hemisphere (Anderson et al.,
1990; Taragel’ová et al., 2008; Hamer et al., 2012; Scott et al., 2012;
Norte et al., 2013; Rudenko et al., 2014); however, it is poorly known in
South America. The detected Borrelia sp. haplotype I was described as
closely related to B. americana by Nava et al. (2014). Based on new
evidences, B. americana is a bird-associated agent closely related to B.
garinii and B. valaisiana (Rudenko et al., 2014). Gern (2008) postulated
that the evolution of Borrelia is driven by a specific association among
the parasite and the host. Based on this hypothesis we can speculate
that this Borrelia is maintained by birds as reservoir hosts. However, we
cannot discard rodents as potential host since they are found frequently
infested by I. pararicinus (Beldoménico et al., 2003).

In conclusion, the presence of Borrelia DNA in larvae of I. pararicinus
and H. juxtakochi off four T. rufiventris, one S. rufosuperciliata and one T.
aedon and the unlikely occurrence of co-feeding suggest that these birds
are reservoir hosts, although transovarial transmission of Borrelia sp. in
these ticks cannot be totally discarded (Rollend et al., 2013). Future
research is needed to confirm the biological elements that integrate the
transmission cycle of B. burgdorferi s. l. in northwestern Argentina.
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