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Simple Summary: The Bartonella genus includes several already known pathogenic species,
capable of infecting humans and animals. Bats can be reservoirs for Bartonella spp., and
various cases of this have been reported around the world. In order to expand the current
knowledge of Bartonella in these reservoirs in Portugal, 71 bats were tested using PCR and
bidirectional DNA sequencing, with one being positive. This finding may give new insights
about the pathogens present in bat populations in southern Europe.

Abstract: In recent years, zoonotic pathogens have become increasingly more relevant
in scientific research due to their implications on public health. Understanding their
pathogenic potential, the pathways they use to infect and their reservoirs enables better
care for both human and animal patients, and possible infection outbreaks can be more
easily contained. Bartonella belongs to a vast list of zoonotic pathogens that can infect
mammals, including humans, but also companion animals and wildlife, and is capable
of causing disease. Bats are a possible source and reservoir of this bacterial genus, and
Bartonella spp. has already been identified in these animals in several countries. Using
these premises, skin samples of the pinna and wing of 71 bats (Pipistrellus pipistrellus)
collected from southern Portugal were tested through PCR for the presence of Bartonella
spp., and positive results were found in 1.41% (1/71). The sequence obtained shared genetic
proximity with an already known pathogenic Bartonella strain that affects both humans and
animals. From the public health perspective, these findings suggest that bats may play a
role in the transmission of this pathogen and provides new insights into the presence of
this agent in Portugal.

Keywords: Bartonella; bats; PCR; zoonosis; one health

1. Introduction
Bartonella refers to a genus of more than forty-five different species of Gram-negative,

fastidious, hemotropic, and facultative intracellular bacteria, already identified in humans,
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wild, and domestic animals worldwide [1]. Its infectious nature relies mainly on arthropod
vectors for transmission [2]. Through ticks, flies, and fleas, they reach their mammalian
hosts, such as dogs, cats, cattle, bats, and many others [3]. Once in the host, after infection
through the vector’s blood meal, Bartonella spp. targets erythrocytes and endothelial
cells and may clinically and chronically persist, depending on factors such as the host’s
immunity and parasitic load [4].

The main agents responsible for human infection are B. bacilliformis, B. quintana, and B.
henselae. Furthermore, human bartonellosis can cause a wide range of medical conditions
ranging from Cat Scratch Disease (CSD) to meningitis, and even several documented cases
of endocarditis [5]. Recent studies have also linked it with tumor development [6].

Domestic animals represent a common source of infection in human populations. For
example, transmission associated with cats, who can be main reservoirs for some Bartonella
species, has reached an estimated incidence of 6.4 cases per 100,000 individuals in the
southern states of the USA [7]. Dogs, however, are still thought to be only an accidental
reservoir of these bacteria [3]. Another possibility of infection is non-domestic reservoirs
such as bats and insects, including fleas and lice. Because of these reasons, there is a
significant zoonotic and public health concern regarding Bartonella spp. [6].

Bats represent a particularly compelling subject for research since they are the only
mammals capable of flying. Because of this ability, they can cover vast areas of land during
migrations and live in complex, high-density, and heterogeneous colonies [8]. In addition,
they can easily adapt to different environmental conditions, making them ideal reservoirs
for a multitude of pathogenic agents. Several studies have already documented the presence
of numerous viruses and bacteria in bats, including Bartonella spp. in Europe [9,10], South
America [11], Africa [4,12], and Asia [13,14]. These studies were conducted on whole
blood [12], spleen [11], heart [10], and liver [14] samples.

Interestingly, other studies have also established a relationship between Bartonella
species identified in bats and their ectoparasites and Bartonella species identified in hu-
mans [15,16].

Given this, the study of Bartonella spp. in bats has become increasingly important
since human infection can originate from these animals and may help to contain possible
outbreaks of the disease [6].

This study aims to determine the occurrence of Bartonella spp. in a Pipistrellus pipistrel-
lus bat population from Portugal. To the author’s knowledge, no study has been carried
out so far in this regard.

2. Materials and Methods
2.1. Sample Collection

The animals were part of a Pipistrellus pipistrellus colony, found dead in the wild in
the Alentejo region in southern Portugal, as a result of a massive die-off due to lightning
storms and periods of increased heat in the region. Sampling was based on skin samples
and not internal organs due to their bad quality at the time of necropsy. Skin samples were
collected from the pinna and wings of 71 bats, for a total of 128 samples (67 pinna samples
and 61 wing samples). For eight bats, samples were taken exclusively from the pinna. For
six bats, samples were taken only from the wings. For all other bats, samples were taken
from both the pinna and wing. Samples were collected during necropsy and were stored at
−20 ◦C, until further DNA extraction.

2.2. DNA Extraction, PCR and Sequencing

DNA extraction was carried out using the EXTRACTME® DNA tissue kit (BLIRT,
Gdańsk, Poland), according to the manufacturer’s instructions.
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Molecular detection of Bartonella spp. was performed adapting the conventional PCR
for 16S-rRNA gene protocol by increasing the annealing temperature to 54 ◦C for better
specificity [17]. Additionally, PCR targeting the Bartonella citrate synthase (gltA) gene was
performed with an annealing temperature of 55 ◦C, employing the primer set described in
Table 1. The PCR protocols employed an initial denaturation at 95 ◦C for 5 min, followed
by 40 cycles of denaturation at 94 ◦C for 2 s, annealing at 54/55 ◦C for 5 s, and extension at
72 ◦C for 5 s, with a final extension at 72 ◦C for 10 min. All PCR reactions were carried out
using a T100 thermocycler (Bio-Rad, Hercules, CA, USA). The reactions were prepared in
a total volume of 25 µL, consisting of 12.5 µL of 2× Speedy Supreme NZYTaq (NZYTech,
Lisbon, Portugal), 1 µL (0.4 µM) of each primer, 8.5 µL of RNA-free water, and 2 µL of DNA
template), in accordance with the manufacturer’s instructions.

Table 1. Primers used for Bartonella sp. detection.

Gene Primer Sequence Amplicon Size (bp) Reference

gltA BhCS781.p GGGGACCAGCTCATGGTGG
338 [18]BhCS1137.n AATGCAAAAAGAACAGTAAACA

16S rRNA
Bartonella16SP8 5′-AGAGTTTGATCCTGGCTCAG-3′

500 [19,20]Bartonella16SR 5′-CCACTGGTGTTCCTCCGAAT-3′

Electrophoresis was performed on 1.5% agarose gel, stained with Xpert Green Safe
DNA gel stain (GRISP, Porto, Portugal) and visualized under UV light. The amplicons with
the expected size were purified using GRS PCR & Gel Band Purification Kit (GRiSP®, Porto,
Portugal), followed by bidirectional sequencing and Sanger sequencing at the Institute for
Research and Innovation in Health (I3S Consortium), Porto, Portugal and at STABVIDA,
Portugal. Sequences obtained were then analyzed on Bioedit version 7.2.5 and subjected to
the basic local alignment search tool (BLAST) using the non-redundant nucleotide database
(http://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 23 November 2024) and deposited in
GenBank database with the accession number PV252191.

2.3. Phylogenetic Analysis

A phylogenetic analysis was performed utilizing 16S rRNA reference sequences ob-
tained from the GenBank to ensure reliable comparisons. Escherichia coli (E. coli) was
included as an outgroup due to its evolutionary divergence from Bartonella species. Se-
quence alignment was performed using MAFFT v7.490 with the L-INS-i algorithm, specifi-
cally designed for datasets containing numerous sequences with complex structural varia-
tions. The phylogenetic tree was constructed using IQ-TREE (version 2.3.6), incorporating
1000 bootstrap replicates to assess the robustness of the branching patterns. The analysis
applied the best-fit model, TIM3 + F + I + G4. Further annotations, including taxonomic
labels and specific features, as well as graphical enhancements for publication-quality fig-
ures, were added using the Interactive Tree of Life (iTOL) platform (https://itol.embl.de/,
accessed on 20 January 2025).

2.4. Statistical Analysis

The presence of Bartonella sp. was evaluated by determining the ratio of positive
samples to the total number of samples analyzed, along with the associated 95% confidence
interval (95% CI). Data processing and the initial analysis were conducted using Microsoft
Excel® for Microsoft 365 MSO (Redmond, WA, USA) (version 2312 Build 16.0.17126.20132,
64-bit).

http://blast.ncbi.nlm.nih.gov/Blast.cgi
https://itol.embl.de/
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3. Results and Discussion
Among the 128 samples, collected from 71 bats, only 1 sample from the pinna tested

positive for Bartonella sp. 16S SSU-rRNA gene. This corresponds to an occurrence rate
of 1.41% (1/71; 95% confidence interval [CI]: 0.04–7.60) of Bartonella sp. in Pipistrellus
pipistrellus. None of the samples were positive for gltA gene. This may be due to sequence
variability in gltA, low bacterial load, or potential primer mismatches, as reported in
previous studies [21]. Further testing with alternative genetic markers or sequencing
approaches would be beneficial for species-level identification and to assess the significance
of the detected Bartonella species.

BLAST analysis of the consensus sequence of the 16S rRNA gene from the sample 44SK
showed a homology of 98.89% with the isolate Bartonella sp. AD273, (accession number
DQ113447), previously identified in a mite (Steatonyssus sp.) taken from a Tanzanian
bat (Taphozous perforatus) [22]. To further investigate the phylogenetic relationship of the
detected Bartonella sp., a phylogenetic tree was constructed based on the 16S SSU rRNA
gene sequences. The tree included reference sequences from closely related Bartonella
species, as well as E. coli as a suited outgroup, to improve phylogenetic placement and
provide insights into the evolutionary position of the present isolate. As shown in Figure 1,
sample 44SK (PV252191) is placed within the Bartonella japonica cluster and is closely related
to Bartonella sp. (DQ113447), reinforcing its similarity with this previously identified strain.
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Figure 1. Maximum-likelihood phylogenetic tree of Bartonella sp. was constructed by comparing
16S SSU rRNA gene sequences. The tree was generated using IQ-TREE with the TIM3 + F + I + G4
substitution model and 1000 bootstrap replicates. The sequence obtained in this study is marked
by a circle, highlighted in bold, labeled with their accession number, Bartonella species, and the
isolate code.

The results obtained in this study align with the current literature as Bartonella sp.
has already been identified in Pipistrellus pipistrellus in Europe. However, the studies
conducted with this specific species were performed in tissues such as the heart [10,23] and
the blood [9]. Although this study used skin samples to test for the presence of Bartonella,
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a similar result was reached by Corduneanu et al., 2018, using heart tissue, which found
only 1 positive sample amongst a total sample size of 68 animals (1.47%) [10]. To the best
of our knowledge, this is the first report of Bartonella sp. in this bat species, using skin as
sampling material. In addition, our findings suggest a low occurrence of this agent in the
skin of Pipistrellus pipistrellus in southern Portugal, as only 1 out of 71 individuals tested
positive. On the other hand, the low positivity obtained may also be justified by the fact
that skin is not usually used as the ideal sampling material when compared to other similar
studies [10,23].

Bartonella sp. AD273 isolate was first reported by Reeves et al., 2006, in a genus of
bat and bird mites (Steatonyssus sp.) that presented DNA similarity of 96% with Bartonella
grahamii, a pathogenic agent from rodents [22]. Interestingly, this specific species was
reported as being responsible for a confirmed human infection of an immunocompromised
patient in Finland. Moreover, this patient was infected by a cat scratch [24]. It would be
interesting to conduct further research to elucidate if this isolate is able to carry pathogenic
properties with potential implications for public health. Additionally, the presence and
potential pathogenic properties of Bartonella in pets should be thoroughly investigated due
to veterinary and human medicine concerns, given the close contact between humans and
their companion animals [14,25].

From another perspective, these studies should include not only bats but also their
ectoparasites, as Bartonella is highly prevalent in these vectors [15,26–28]. Some previous
papers have already highlighted the presence of Bartonella spp. in bat bugs in Central
Europe [28] and near the Iberian Peninsula [9]. More recent investigations have even
identified Bartonella spp. in the ectoparasites (Spinturnix myoti and Nycteribia schmidlii)
present in bat colonies of other species in the same region of Portugal [15]. Therefore, efforts
should be made to better understand the transmission dynamics of Bartonella within bat
populations, from bats to their ectoparasites, and vice versa, as these mammals tend to live
in dense and heterogeneous colonies [10].

4. Conclusions
This identification of Bartonella sp. contributes to the expansion of knowledge regard-

ing the presence of infectious agents in European bat populations, specifically in Portugal.
Further studies are needed in order to better understand if the identified agent carries any
pathogenic capabilities. The low prevalence reported, if confirmed by further research,
indicates a limited likelihood of the involvement of bats in the transmission of Bartonella
spp. in Portugal. Finally, note that this research should include a larger sample type and
size, multiple bat species, and, if possible, their ectoparasites.
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10. Corduneanu, A.; Sándor, A.D.; Ionicǎ, A.M.; Hornok, S.; Leitner, N.; Bagó, Z.; Stefke, K.; Fuehrer, H.P.; Mihalca, A.D. Bartonella
DNA in Heart Tissues of Bats in Central and Eastern Europe and a Review of Phylogenetic Relations of Bat-Associated Bartonellae.
Parasites Vectors 2018, 11, 489. [CrossRef]

11. Ferreira, M.S.; Guterres, A.; Rozental, T.; Novaes, R.L.M.; Vilar, E.M.; De Oliveira, R.C.; Fernandes, J.; Forneas, D.; Junior, A.A.;
Brandão, M.L.; et al. Coxiella and Bartonella spp. In Bats (Chiroptera) Captured in the Brazilian Atlantic Forest Biome. BMC Vet.
Res. 2018, 14, 279. [CrossRef]

12. Kamani, J.; Baneth, G.; Mitchell, M.; Mumcuoglu, K.Y.; Gutiérrez, R.; Harrus, S. Bartonella Species in Bats (Chiroptera) and Bat
Flies (Nycteribiidae) from Nigeria, West Africa. Vector-Borne Zoonotic Dis. 2014, 14, 625–632. [CrossRef] [PubMed]

13. Lin, J.W.; Hsu, Y.M.; Chomel, B.B.; Lin, L.K.; Pei, J.C.; Wu, S.H.; Chang, C.C. Identification of Novel Bartonella spp. in Bats and
Evidence of Asian Gray Shrew as a New Potential Reservoir of Bartonella. Vet. Microbiol. 2012, 156, 119–126. [CrossRef] [PubMed]

14. Han, H.J.; Li, Z.M.; Li, X.; Liu, J.X.; Peng, Q.M.; Wang, R.; Gu, X.L.; Jiang, Y.; Zhou, C.M.; Li, D.; et al. Bats and Their Ectoparasites
(Nycteribiidae and Spinturnicidae) Carry Diverse Novel Bartonella Genotypes, China. Transbound. Emerg. Dis. 2022, 69, e845–e858.
[CrossRef] [PubMed]

15. Sanches, G.S.; Rodrigues, L.; Torrejón, E.; Bassini-silva, R.; Calchi, A.C.; Ant, D.; Lee, B.; Vitor, P.; Arantes, C.; Barbier, E.;
et al. Molecular Survey of Anaplasmataceae Agents, Rickettsia spp., Bartonella spp., and Piroplasmids in Ectoparasites from
Cave-Dwelling Bats in Mainland Portugal. Pathogens 2025, 14, 273. [CrossRef]

16. Bai, Y.; Osinubi, M.O.V.; Osikowicz, L.; McKee, C.; Vora, N.M.; Rizzo, M.R.; Recuenco, S.; Davis, L.; Niezgoda, M.; Ehimiyein,
A.M.; et al. Human Exposure to Novel Bartonella Species from Contact with Fruit Bats. Emerg. Infect. Dis. 2018, 24, 2317–2323.
[CrossRef]

17. Malhotra, K.; Foltz, L.; Mahoney, W.C.; Schueler, P.A. Interaction and Effect of Annealing Temperature on Primers Used in
Differential Display RT-PCR. Nucleic Acids Res. 1998, 26, 854–856. [CrossRef]

18. Norman, A.F.; Regnery, R.; Jameson, P.; Greene, C.; Krause, D.C. Differentiation of Bartonella-like Isolates at the Species Level by
PCR- Restriction Fragment Length Polymorphism in the Citrate Synthase Gene. J. Clin. Microbiol. 1995, 33, 1797–1803. [CrossRef]

19. Poofery, J.; Narapakdeesakul, D.; Riana, E.; Arnuphapprasert, A.; Nugraheni, Y.R.; Ngamprasertwong, T.; Wangthongchaicharoen,
M.; Soisook, P.; Bhodhibundit, P.; Kaewthamasorn, M. Molecular Identification and Genetic Diversity of Bartonella Spp. in 24 Bat
Species from Thailand. Transbound. Emerg. Dis. 2022, 69, e717–e733. [CrossRef]

20. Heller, R.; Artois, M.; Xemar, V.; De Briel, D.; Gehin, H.; Jaulhac, B.; Monteil, H.; Piemont, Y. Prevalence of Bartonella henselae
and Bartonella clarridgeiae in stray cats. J. Clin. Microbiol. 1997, 35, 1327–1331. [CrossRef]

https://doi.org/10.1128/CMR.00013-17
https://www.ncbi.nlm.nih.gov/pubmed/28490579
https://doi.org/10.3389/fmicb.2023.1196700
https://www.ncbi.nlm.nih.gov/pubmed/37362930
https://doi.org/10.1186/s13071-018-3152-6
https://www.ncbi.nlm.nih.gov/pubmed/30514361
https://doi.org/10.3201/eid1612.100601
https://doi.org/10.1093/cid/ciad706
https://doi.org/10.3390/tropicalmed4020069
https://doi.org/10.1371/journal.pntd.0005428
https://doi.org/10.3201/eid2303.160934
https://doi.org/10.1186/s13071-018-3070-7
https://doi.org/10.1186/s12917-018-1603-0
https://doi.org/10.1089/vbz.2013.1541
https://www.ncbi.nlm.nih.gov/pubmed/25229701
https://doi.org/10.1016/j.vetmic.2011.09.031
https://www.ncbi.nlm.nih.gov/pubmed/22005177
https://doi.org/10.1111/tbed.14357
https://www.ncbi.nlm.nih.gov/pubmed/34695291
https://doi.org/10.3390/pathogens14030273
https://doi.org/10.3201/eid2412.181204
https://doi.org/10.1093/nar/26.3.854
https://doi.org/10.1128/jcm.33.7.1797-1803.1995
https://doi.org/10.1111/tbed.14389
https://doi.org/10.1128/jcm.35.6.1327-1331.1997


Vet. Sci. 2025, 12, 405 7 of 7

21. Buhler, K.J.; Fernando, C.; Hill, J.E.; Galloway, T.; Carriere, S.; Fenton, H.; Fauteux, D.; Jenkins, E.J. Combining Deep Sequencing
and Conventional Molecular Approaches Reveals Broad Diversity and Distribution of Fleas and Bartonella in Rodents and
Shrews from Arctic and Subarctic Ecosystems. Parasites Vectors 2022, 15, 366. [CrossRef]

22. Reeves, W.K.; Dowling, A.P.G.; Dasch, G.A. Rickettsial Agents from Parasitic Dermanyssoidea (Acari: Mesostigmata). Exp. Appl.
Acarol. 2006, 38, 181–188. [CrossRef] [PubMed]

23. Concannon, R.; Wynn-Owen, K.; Simpson, V.R.; Birtles, R.J. Molecular Characterization of Haemoparasites Infecting Bats
(Microchiroptera) in Cornwall, UK. Parasitology 2005, 131, 489–496. [CrossRef] [PubMed]

24. Oksi, J.; Rantala, S.; Kilpinen, S.; Silvennoinen, R.; Vornanen, M.; Veikkolainen, V.; Eerola, E.; Pulliainen, A.T. Cat Scratch Disease
Caused by Bartonella Grahamii in an Immunocompromised Patient. J. Clin. Microbiol. 2013, 51, 2781–2784. [CrossRef] [PubMed]

25. Veikkolainen, V.; Vesterinen, E.J.; Lilley, T.M.; Pulliainen, A.T. Bats as Reservoir Hosts of Human Bacterial Pathogen, Bartonella
Mayotimonensis. Emerg. Infect. Dis. 2014, 20, 960–967. [CrossRef]
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