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(Insecta: Diptera) (Bai and Kosoy 2012).
Ectoparasitic bat flies in the families
Nycteribiidae and Streblidae are likely
important vectors of, and possibly reservoirs for, bartonellae within the order
Chiroptera (Billeter et al. 2012; Morse
et al. 2012).
Bartonella spp. have varying degrees of
host specificity, and the reasons for this
remain unclear but may be due to host
phylogeny, vector host specificity, or
spatial overlap of host species (VayssierTaussat et al. 2009). Globally, Lei and
Olival (2014) found a statistically significant pattern of coevolution between Bartonella and their bat hosts. In arthropod
vectors, Bartonella host specificity is
largely unexplored, and sampling has been
insufficient relative to their diversity.
Some Bartonella spp. have a wide potential host and vector range (e.g., Bartonella
grahamii has been detected in several flea
species from rodents (Rodentia) and
shrews (Soricidae; Hsieh et al. 2010). In
bat flies, host specificity varies (Patterson
et al. 2009) and vector-host relationships
may possibly determine the phylogenetic
patterns observed in bat bartonellae. The
degree of physical contact within shared
habitat and host and vector population
sizes may also influence Bartonella diversification and host range.
To test whether bats sharing the same
roosting habitat (i.e., a cave) share similar
Bartonella spp. genotypes, we captured and
sampled individuals from a community of
bats in Mata de Platano Nature Reserve in
Puerto Rico from 10 to 13 April 2012, with
a focus on Cueva de los Culebrones (‘‘Cave
of the Boas’’; 18u249N, 66u439W). Cueva
de los Culebrones houses a year-round

ABSTRACT:
We captured and sampled 68 bats
of six species from a shared roosting site in
Puerto Rico in April 2012. Bats were screened
for Bartonella spp. by culture and confirmed
by PCR and sequencing for the gltA gene.
Bartonella cultures were obtained from blood
specimens of 9/51 (18%) individuals from three
species (Artibeus jamaicensis, Brachyphylla
cavernarum, and Monophyllus redmani). Phylogenetic analysis of the gltA sequences showed
that M. redmani was infected with multiple,
diverse Bartonella strains, and A. jamaicensis
was infected with a strain related to a strain
from a congeneric host. Ectoparasite load could
possibly explain observed differences in Bartonella diversity and prevalence between bat
species in this community, and we suggest
future research to substantiate these preliminary findings.
Key words: Bacteria, Bartonella, bat, Chiroptera, diversity, host range, Puerto Rico,
vector.

Bartonella spp. (order Rhizobiales) are
diverse, intracellular alpha-proteobacteria
that can cause persistent bacteremia in
reservoir host species (Harms and Dehio
2012). Bartonellae are known to infect a
wide-range of mammalian wildlife species
globally, including more than 20 putative
new Bartonella spp. identified from bats
in Kenya, Guatemala, Peru, and Thailand
(Kosoy et al. 2010; Bai et al. 2011, 2012).
Half of all described Bartonella spp. are
zoonotic (Maggi et al. 2012), and although
there is no evidence for bat-borne Bartonella transmission to humans, this may be
possible given indirect exposure to vectors
from synanthropic bat species or direct
contact with other species (e.g., vampire
bats [Desmodus rotundus]). Bartonellae
are primarily transmitted by arthropod
vectors, including fleas (Insecta: Siphonaptera), ticks (Arachnida: Parasitiformes),
mites (Arachnida: Mesostigmata), and flies
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TABLE 1. Bat specimens examined from Cueva de los Culebrones, Puerto Rico, 10–13 April 2012. Bat
species, number of individuals sampled, number for which Bartonella culture was attempted excluding the
contaminated samples, number positive with (percent prevalence), and number of unique Bartonella
genotypes for 379 base pair of the gltA gene and associated GenBank Accession numbers. The 95%
confidence intervals (CIs) were calculated by multiplying the standard error by sample size–specific t-scores
(t-distribution necessary given the small sample sizes).

Species

Artibeus jamaicensis
Brachyphylla cavernarum
Erophylla sezekorni
Monophyllus redmani
Mormoops blainvillei
Pteronotus quadridens
Total
a

No. bats
sampled

No.
cultured

4
2
17
20
21
4
68

4
1
14
9
19
4
51

No.
positive (%)

1
1
0
7
0
0
9

(25)
(100)
(78)

(18)

95% CIa

0–94
n/a
0–20
46–100
0–15
0–60
7–25

No. genotypes
(GenBank accession)

1 (KJ530741)
1 (KJ530742)
4 (KJ530743–KJ530746)

n/a 5 not applicable.

occupancy of .300,000 bats, including
species from three families (Phyllostomidae, Mormoopidae, Noctilionidae; Rodrı́guez-Durán 1998). Bats roost and coroost
in distinct patterns across the cave’s length
and thermal gradient (28–40 C), although
admixture zones within the cave facilitate
direct contact of species (Dittmar et al.
2011). We captured bats using a custommade, 4-m2 harp trap set outside of the cave
between 1700 hours and 2100 hours.
Additionally, four Artibeus jamaicensis
were captured from a colony (ca.15 individuals) roosting alone in a small cave
within 500 m of Cueva de los Culebrones.
We aimed to capture 15 individuals of each
species to have 95% confidence in detecting bartonellae given an assumed prevalence of $20%; three species were sampled
above the desired sample size, and three
species were not (Table 1).
Captured bats were held individually in
cloth bags and nonlethally sampled after
approved protocols (IACUC G2011-106
Tufts University). Between 6 and 228 mL
(mean, 40 mL) of blood (maximum 10% of
blood volume) was collected from the
brachial vein using previously described
methods (Smith et al. 2010). Whole blood
was diluted in the field with sterile
phosphate-buffered saline at a ratio of
1:5 and frozen directly in liquid nitrogen.
Fecal swabs, urine, and oropharyngeal

swabs were also collected from each
individual for a separate study. Bats were
identified to species in the field following
Gannon et al. (2005), and sex, reproductive status, forearm length, weight, and
body condition score were recorded.
Ectoparasites were opportunistically collected from ,20% of individuals (12
randomly selected bats proportionally
distributed across species), and a 3-mm
wing biopsy was taken from each bat for
genetic species confirmation. Ectoparasite
vouchers are stored in the Dittmar laboratory at State University of New York,
Buffalo, New York, USA; no bat voucher
specimens were collected. Bat species
identifications were confirmed at the
American Museum of Natural History’s
Sackler Institute for Comparative Genomics, New York, New York, USA, by
sequencing ,450 base pairs (bp) of the
cytb gene.
Bartonella was cultured from diluted
blood at the Centers for Disease Control
and Prevention (CDC) Bartonella Laboratory in Fort Collins, Colorado, USA,
using the methods of Bai et al. (2012). All
Bartonella cultures were frozen at 280 C
and stored in the facility at CDC for longterm vouchering. Total genomic DNA was
extracted from blood according to the
blood protocol of QIAamp DNA Mini Kit
(Qiagen, Valencia California, USA) and
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FIGURE 1. Bayesian phylogeny of Bartonella genotypes from Puerto Rican bats (bold, with asterisk) from
Cueva de los Culebrones, Puerto Rico, 10–13 April 2012, including published genotypes from Puerto Rico bat
flies (italic, with asterisk), and all other unique Bartonella genotypes previously published from New World
bats. Based on 379 base pairs of gltA gene. GTR+I+G substitution model, with 10,000,000 generations, and
posterior probability values .0.90 shown for each node.

screened by PCR for Bartonella using
previously published primers (BhCS781.p
and BhCS1137.n) to amplify a 379-bp
region of the citrate synthase–encoding
gene (gltA; Bai et al. 2012). All products
were sequenced in both directions using
an Applied Biosystems Model 3130 Genetic Analyzer (Applied Biosystems, Foster City, California, USA). The Bartonella
gltA sequences obtained from Puerto
Rican bats were aligned with previously
reported Bartonella genotypes originating
from New World bats, Trichobius sp. from
Cueva de los Culebrones (Morse et al.
2012); Bartonella bacilliformis was used as
an outgroup using default parameters in
MUSCLE (Edgar 2004). Sequences were
trimmed to 338 bp, and a Bayesian

phylogeny was generated using MrBayes
3.2 (Ronquist et al. 2012). We utilized
a GTR+I+G substitution model, with
10,000,000 generations, sampling every
5000th generation with four heated chains
and a burn in length of 2,000,000. Final
standard deviation of split frequencies was
,0.01.
Bartonella was cultured from 9/51
(18%) bats examined (16 blood samples
contaminated during the first week of
culture were excluded). Six bat species
were captured and sampled. Positive
species were A. jamaicensis, Brachyphylla
cavernarum, and Monophyllus redmani,
all in the family Phyllostomidae (Table 1).
Monophyllus redmani had the highest
prevalence (77%) and was infected by
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four unique genotypes of bartonellae
(Table 1 and Fig. 1). No bartonellae were
detected in Erophylla sezekorni, Mormoops blainvillei, and Pteronotus quadridens, despite relatively large samples
sizes for some species, (e.g., 17 E.
sezekorni and 21 M. blainvillei). We
cannot exclude the possibility that these
species are completely Bartonella-free;
however, we have 95% confidence that
they have a prevalence lower than 20% at
this site using the methods described.
Bartonella isolates from Puerto Rican
bats were diverse (six unique genotypes,
Table 1). Nucleotide identity among the
Puerto Rico Bartonella gltA sequences
ranged from 99.7% to 81.7% (7–60 raw
nucleotide differences) with a mean identity of 86.8%. Individuals of M. redmani
had the greatest diversity with four
genotypes (Fig. 1); one genotype clustered
together with a Bartonella obtained from
Trichobius spp. bat flies previously collected from the cave wall at this same site
(Morse et al. 2012). Two other Bartonella
genotypes from M. redmani form part of a
larger clade that includes bartonellae from
bat flies from the same site (97.4%
nucleotide identity) and Phyllostomus
discolor from Guatemala (Fig. 1). We also
found an isolate from A. jamaicensis
grouping in a well-supported clade with
a congeneric host from Peru, Artibeus
planirostris (Fig. 1).
While the sample sizes in this study
were relatively small and not equal across
all species, we observed one species of bat,
M. redmani, to be infected with multiple
genotypes of Bartonella, including strains
found in Trichobius spp. flies that commonly parasitize this host. We notably did
not observe any sharing of Bartonella
genotypes between bat species known to
share the same ectoparasite species but
did observe M. redmani shared a Bartonella genotype with B. cavernarum from the
same cave (Fig. 1). We found different
Bartonella prevalences between host species in this bat community that could
possibly be driven by vector specificity and
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parasite load, although our limited sample
sizes precluded testing of this. Monophyllus redmani harbors the highest ectoparasite load in the cave, with 4.0061.15 per
individual (Krichbaum et al. 2009), and
had the highest prevalence and diversity
of bartonellae. Similarly, M. blainvillei,
though well sampled, was not found
positive for bartonellae and is reported in
the literature as having the lowest diversity
of ectoparasites and no streblid bat flies
(Kurta et al. 2007). Future studies and
better sampling are needed to assess the
role that ectoparasites play in bat Bartonella transmission and to test further the
patterns of Bartonella host range and
diversification we explored here. This
should include exhaustive sampling of
bat parasites to quantify parasite load
and Bartonella infection rates, and experimental studies using captive bats and
ectoparasites with known infection status.
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