
R E S E A R C H  N OT E Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Rojas-Jaimes and Valle-Mendoza del BMC Research Notes          (2023) 16:150 
https://doi.org/10.1186/s13104-023-06412-0

BMC Research Notes

*Correspondence:
Jesús Rojas-Jaimes
jesus.rojas.jaimes@gmail.com
1Facultad de Ciencias de la Salud, Universidad Privada del Norte, Av. El Sol 
461, San Juan de Lurigancho 15434, Lima, Peru
2Escuela de Medicina Humana, Universidad Peruana de Ciencias 
Aplicadas, Lima, Peru

Abstract
Introduction Evidence suggest that wildlife Infectious diseases related to wildlife are of most importance because of 
the agents’ capacity to spill over into humans from the wild reservoir. Among them, the bacteria Bartonella spp. and 
Anaplasma spp. are related to this zoonotic dynamic.

Objective The primary goal of the present study was to determine the presence of pathogenic bacteria in kidney 
and liver tissues of Didelphis marsupialis; spleen, liver, and skin of Pecari tajacu; spleen, liver, and skin of Chelonoidis 
denticulata.

Methodology A PCR using universal and specific primers for 16 S rRNA, of Bartonella spp. with subsequent genetic 
sequencing were used.

Results The results in this study indicate that Bartonella vinsonni was detected in the liver tissue of Didelphis 
marsupialis using both universal primers and those specific for Bartonella sp. Anaplasma platys was detected at the 
liver and spleen level using universal primers. Additionally, Bartonella spp. was found at the liver, spleen, and skin level 
in Pecari tajacu using the specific primers. Finally, using the universal and specific primers at the skin level, Bartonella 
spp. was evident in Chelonoidis denticulata.

Conclusions The presence of the DNA of the Bartonella vinsonii was detected at the liver tissue in Didelphis 
marsupialis. DNA of the Anaplasma platys and Bartonella spp. were identified at the spleen and liver level. This study 
also identified that DNA Bartonella spp. was detected in Pecari tajacu skin. Finally DNA of Bartonella spp. was evident 
in Chelonoidis denticulate skin. The findings of this study suggest that these bacteria are present in these animals and 
may be responsible for outbreaks.
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Introduction
Human activities play critical role in the infectious dis-
eases originating in wildlife. Previous studies have found 
that human and domestic animal intrusion impact in 
wildlife ecology [1, 2]. The same study found that an aver-
age of 60% of emerging infectious diseases were zoonotic, 
including bacteria such as Bartonella sp. and Anaplasma 
sp. Moreover, there is evidence that these bacteria can be 
transmitted from different animals to humans [3].

Bartonella is a bacterial genus that involves some spe-
cies that are pathogenic for humans, such as Bartonella 
bacilliformis, Bartonella henselae, and Bartonella quin-
tana, as well as others that are potentially pathogenic, 
including Bartonella elizabethae, Bartonella tamiae, and 
Bartonella vinsonii, subspecies aurapensis [4, 5]. It has 
previously been detected that these are causative agents 
of clinical manifestations in humans (4–6). In 1999 B. 
vinsonii subsp. arupensis was first isolated in a case of 
bacteremia in a rancher, in Wyoming-USA [6], and has 
been described in rodents such as Peromyscus manicula-
tus. This bacterium is an important component for public 
health because it carries hantavirus which can be trans-
mitted to humans [7]. Additionally, evidence suggests 
that B. vinsonii subsp. Arupensis is a causative agent of 
endocarditis and febrile processes in humans and dogs 
[8–13].

Anaplasma is a proteobacterium that multiplies at the 
intracellular level is widely distributed in tropical, sub-
tropical and temperate regions. A number of studies have 
postulated that Anaplasma can cause anaplasmosis in 
variety of animals including ruminants, rodents, birds, 
and humans [14–16]. Detailed examination of this pro-
teobacterium showed it can invade blood cells of mam-
mals such as erythrocytes, leukocytes, and thrombocytes 
[17]. Four species of Anaplasma sp (Anaplasma phagocy-
tophilum, Anaplasma capra, Anaplasma platys and Ana-
plasma ovis). are zoonotic pathogens and are transmitted 
by ticks generating a problem for both Veterinary and 
Public Health [17].

Main text
Methods
Sampling
A total sample of six were collected in Tahuamanu 
(10°57′16″S 69°34′37″W, Madre de Dios, Peru). The 
sample were taken from the liver, spleen, and skin of 
Pecari tajacu and Chelonoidis denticulata. Three sam-
ples of Didelphis marsupialis were collected from Ata-
laya (10°44′00″S 73°45′00″W, Ucayali, Peru) (Fig. 1). The 
samples were from the liver, spleen and kidney. Once the 
samples were extracted, they were shipped back to the 
molecular laboratory at Universidad Peruana de Ciencias 
Aplicadas for processing.

DNA extraction
Previously, 50 ug of tissue was digested using 200  µl of 
lysis buffer (proteinase K 20  mg/ml, 50 µL, 1  M Tris-
HCl solution 10 µL, 0.5 M EDTA 2 µL, 10% SDS 100 µL, 
and distilled water 838 ml), and was incubated at 52  °C 
overnight until all tissue fragments were completely dis-
solved. Further extraction and purification procedures 
were performed using a commercial extraction kit (High 
Pure Template Preparation Kit, Roche Applied Science®, 
Mannheim, Germany). The bacterial DNA obtained after 
extraction was diluted in 100 µL of nuclease-free water 
and, then, processed or stored at -20 °C until use.

PCR procedures
Two different PCR approaches for 16 S rRNA were used: 
one with specific primers for Bartonella genus and the 
other with universal primers. All samples were used with 
specific primers for Bartonella as universal.

Amplification of fragment from the 16 S rRNA gene specific to 
the Bartonella spp
A 438-bp fragment of the 16  S rRNA gene specific to 
the Bartonella genus was amplified in blood samples 
(P24Emod CCTTCAGTTMGGCTGGATC- 16  S-R 
GCCYCCTTGCGGTTAGCACA) [18, 19]. The ampli-
fied products were in-gel recovered, purified using the 
SpinPrep™ Gel DNA Kit® (EMD Biosciences, Madison, 
WI, USA), and submitted for sequencing (Macrogen, 
Seoul, Korea).

Amplification of 16 S rRNA gene fragments using universal 
primers
In the case of amplifying any bacteria, the molecular 
diagnosis was confirmed by amplification and sequenc-
ing of a 1503-bp region of universal 16  S rRNA gene 
fragments using universal primers (8  F AGAGTTT-
GATCCTGGCTCAG- 1510R GGTTACCTTTGTTAC-
GACTT) [19, 20]. All products obtained were recovered 
and sequenced (Macrogen, Seoul, Korea).

Data analysis
DNA sequences were analyzed using the BLAST analysis 
tool and compared with the GenBank database.

Results
All samples were analyzed by molecular techniques. 
Table 1 shows the correct amplification of 1,503 bp using 
universal 16 S rRNA primers in some tissues. This table 
also showed the presence of B. vinsonni in the spleen of 
D. marsupialis “Opossum” (1 case), Bartonella spp in the 
skin of C. denticulata “Yellow-footed tortoise” (1 case), 
and Anaplasma spp in the spleen and liver of P. tajacu (1 
case).
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Fig. 1 Location of the sites where tissue samples were collected in the provinces of Tahuamanu in Madre de Dios (P. tajacu and C. denticulata) and Atalaya 
in Ucayali, in Peru, (D. marsupialis). This map was created with the Geoserver https://geoservidor.minam.gob.pe/ edited with ArcGis 10.3.1 version 2015

 

https://geoservidor.minam.gob.pe/
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To determine the presence of Bartonella spp., PCR 
approaches of the 16  S rRNA gene specific to the Bar-
tonella were performed on all samples. Sequence analysis 
showed the presence Bartonella vinsonni-positive sample 
in the spleen of D. marsupialis. Further analysis showed 
that Bartonella spp. was identified in the liver, spleen 
and skin in P. tajacu. However, Bartonella spp. was only 
observed in the skin of C. denticulata (Table 1).

Discussion
In our study, A. platys was identified at the spleen and 
liver of P. tajacu. According to a previous study, P. tajacu 
was infested by ticks such as Rhipicephalus (Boophilus) 
microplus [21]. An implication of this finding is for veter-
inarians and public health. For instance a study in Vene-
zuela found that A. platys was identified in R. sanguineus 
demonstrating the critical role of ticks in transmitting the 
bacterium Anaplasma sp. to the animals [22, 23]. These 
results corroborate the findings of previous studies where 
A. platys and A. capra were observed in R. microplus col-
lected from goats, cattle, and sheep [17, 24]; These results 
are consistent with earlier studies where A. platys were 
found in dogs and R. sanguineus [17, 24]. Similarly, a 
recent report in Tunisia identified A. phagocytophilum in 
dogs, horses and ticks such as Ixodes ricinus, Hyalomma 
scupense, and H. marginatum. The same report found 
Anaplasma spp. and A. ovis in goats and sheep [25–28]. 
While in Palestine, A. platys was identified in dogs and 
Anaplasma sp. in sheep [29].

In South America, a study in Brazil identified Ana-
plasma spp. in animals of the Xenarthra superorder, spe-
cifically in Bradypus tridactylus, B. variegatus, Choloepus 
didactylus, Tamandua tetradactyla, Myrmecophaga tri-
dactyla, Cabassous unicinctus, Dasypus novemcinctus, 
and Euphractus sexcinctus. Additionally another study 
showed the prevalence of Anaplasma spp. in several spe-
cies of wild carnivorous animals, indicating the poten-
tial risk of the bacterium into humans whenever they 
encounter wild animals for tourism, consumption, tour-
ism or other extractive activities [14, 30, 31]. In this study 

Anaplasma spp. was identified in the spleen and liver of 
P. tajacu, therefore this could be considered as reservoir. 
Further studies are necessary for detecting the bacteria in 
culture and elucidating the role of ectoparasites such as 
R. microplus ticks that were detected infesting P. tajacu 
[22].

In our study, Bartonella sp. was identified at the liver, 
spleen, and skin level in P. tajacu. The identification 
of Bartonella related to this animal is reinforced by the 
previous study in which B. bacilliformis was detected in 
the ectoparasites of P. tajacu such as R. microplus [32]. It 
can therefore be assumed that this animal is a potential 
reservoir, and it highlights the potential risk of infection 
by this bacterium through the bite of ticks on people in 
Tahuamanu and other rainforest, areas in Peru, where 
they hunt P. tajacu for consumption.

In the current study, B. vinsonii was found at the 
spleen level in Didelphis marsupialis. This animal could 
be involved in the zoonotic chain of this bacterium. For 
example B. vinsonii has been reported in animals such 
as Canis latrans “coyote” as a reservoir where this bac-
terium could generate endocarditis in humans [12, 13]. 
Another study also found B. vinsonii in carnivores such 
as Canis latrans “coyote”, Vulpes vulpes “Red Fox”, and 
Procyon lotor “Raccoon” [33]. In Peru, B. v. berkhoffii and 
B. rochalimae were found in asymptomatic domestic 
dogs, so they could be reservoirs of risk for human infec-
tion [34].

Bartonella sp. was also identified in the skin of Chelo-
noidis denticulata, which presumes that the bacterium 
can be transmitted to other animals through vectors such 
as ticks although the species was not determined to iden-
tify any potential risk of causing any disease in humans. 
However, it is known that the Bartonella genus can spill 
over into different animals, especially from rodents to 
humans and from rodents to domestic animals [35]. An 
implication of this result is the possibility of, prevention 
fields.

In conclusion, for the first time, we have been able to 
detect B. vinsonni in spleen from D. marsupialis and A. 
platys in liver and kidney from P. tajacu. These results are 
significant due to the risk of infection by these bacteria 
to people who hunt these wild animals for their meat. As 
well as the transmission of the infection to domestic ani-
mals in areas where the presence of wild animals studied 
generated bacterial zoonoses.

Limitations
A limitation of this study is that, we can not assure the 
viavility of these bacteria. A further study should con-
template cultivating these bacteria of tissues such as 
skin to determine the role of these animals as reservoirs. 
Also the animals and samples in the present study were a 
reduced number.

Table 1 Pathogens identified by PCR followed by automated 
sequencing in tissue samples
Specimen Organ Universal 16 S 

rRNA
Bartonella spp. 
16 S rRNA gene

Didelphis marsupia-
lis (Opossum)

Spleen Bartonella vinsonni Bartonella vinsonni

Liver Negative Negative

Kidney Negative Negative

Pecari tajacu 
(Sajino)

Spleen Anaplasma platys Bartonella spp.

Liver Anaplasma platys Bartonella spp.

Skin Negative Bartonella spp.

Chelonoidis 
denticulata
(Yellow-footed 
tortoise)

Spleen Negative Negative

Liver Negative Negative

Skin Bartonella spp Bartonella spp.



Page 5 of 6Rojas-Jaimes and Valle-Mendoza del BMC Research Notes          (2023) 16:150 

Acknowledgements
Not applicable.

Authors’ contributions
Data curation, JRJ, JdVM; project administration, JdVM; supervision, JRJ; 
writing—original draft, JRJ, JdVM; writing—review and editing, JRJ. All authors 
have read and agreed to the published version of the manuscript.

Funding
This research received no external funding.

Availability of data and materials
All data and materials used in the experiment are included in the article. 
Abstraction format used in the study and dataset are available and accessible 
from the below link. The link: https://figshare.com/articles/dataset/Wild/2138
3877?file=37952283.

Declarations

Ethics approval and consent to participate
This study was approved by the National Committee of Health and Environ 
ment from the Regional Government of Madre de Dios 010117-Perú. All 
experiments and methods were performed following relevant guidelines and 
regulations. Our study was performed according to ARRIVE guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 13 October 2022 / Accepted: 20 June 2023

References
1. Warnecke L, Turner JM, Bollinger TK, Lorch JM, Misra V, et al. Inoculation of 

bats with european Geomyces destructans supports the novel pathogen 
hypothesis for the origin of white-nose syndrome. Proc Natl Acad Sci. 
2012;109:6999–7003. https://doi.org/10.1073/pnas.1200374109. PMID: 
22493237.

2. Lips KR, Brem F, Brenes R, Reeve JD, Alford RA, et al. Emerging infectious 
disease and the loss of biodiversity in a neotropical amphibian commu-
nity. Proc Natl Acad Sci U S A. 2006;103:3165–70. https://doi.org/10.1073/
pnas.0506889103PMID.

3. Jones KE, Patel NG, Levy MA, Storeygard A, Balk D, et al. Global trends 
in emerging infectious diseases. Nature. 2008;451:990–3. https://doi.
org/10.1038/nature06536. PMID: 18288193.

4. Daly JS, Worthington MG, Brenner DJ, Moss CW, Hollis DG, Weyant RS, et al. 
Rochalimaea elizabethae sp. nov. isolated from a patient with endocarditis. J 
Clin Microbiol. 1993;31:872–81.

5. Kosoy M, Morway C, Sheff KW, Bai Y, Colborn J, Chalcraft L, et al. Barton-
ella tamiae sp. nov., a newly recognized pathogen isolated from three 
human patients from Thailand. J Clin Microbiol. 2008;46:772–5. https://doi.
org/10.1128/JCM.02120-07.

6. Welch DF, Carroll KC, Hofmeister EK, Persing DH, Robison DA, Steigerwalt 
AG, et al. Isolation of a new subspecies, Bartonella vinsonii subsp. arupensis, 
from a cattle rancher: identity with isolates found in conjunction with Borrelia 
burgdorferi and Babesia microti among naturally infected mice. J Clin Micro-
biol. 1999;37:2598–601.

7. - Bai Y, Kosoy MY, Cully JF, Bala T, Ray C, Collinge SK. Acquisition of non-
specific Bartonella strains by the northern grasshopper mouse (Ony-
chomys leucogaster). FEMS Microbiol Ecol. 2007;61:438–48. https://doi.
org/10.1111/j.1574-6941.2007.00364.x.

8. Fenollar F, Sire S, Raoult D. Bartonella vinsonii subsp. arupensis as an 
agent of blood culture-negative endocarditis in a human. J Clin Microbiol. 
2005;43:945–7. https://doi.org/10.1128/JCM.43.2.945-947.2005.

9. Kirillov MY, Markov AP, Lopyrev IV, Pankratova VN, Levitskii SA, Bashkirov VN, 
et al. Molecular genetic techniques for typing of Bartonella isolates. Mol Gen 
Microbiol Virol. 2007;22:7–15. https://doi.org/10.3103/S0891416807010028.

10. Kosoy M, Bai Y, Sheff K, Morway C, Baggett H, Maloney SA, et al. Identification 
of Bartonella infections in febrile human patients from Thailand and their 
potential animal reservoirs. Am J Trop Med Hyg. 2010;82:1140–5. https://doi.
org/10.4269/ajtmh.2010.09-0778.

11. Bai Y, Kosoy M, Diaz M, Winchell J, Bagett H, Maloney S, Boonmar S, Bhengsri 
S, Sawatwong P, Peruski L. Bartonella vinsonii subsp. arupensis in humans, 
Thailand. Emerg Infect Dis. 2012;18(6):989–91.

12. -Chang C, Casten R, Chomel B, Simpson D, Hew C, Kordick D, Heller R, 
Piemont Y, Breitschwerdt E. Coyotes (Canis latrans) as the Reservoir for a 
human pathogenic Bartonella sp.: Molecular Epidemiology of Bartonella 
vinsonii subsp. berkhoffii infection in Coyotes from Central Coastal California. 
J Clin Microbiol. 2000;38(11):4193–200.

13. - Okaro U, Addisu A, Casanas B, Anderson B. Bartonella species, an emerg-
ing cause of blood-culture-negative endocarditis. Clin Microbiol Rev. 
2017;30:709–46. https://doi.org/10.1128/CMR.00013-17.

14. -Calchi A, Vultao J, Alves M, Yogui D, Desbiez A, De Santi M, Santana M, 
Vieira da Silva T, Werther K, Teixeira M, Machado R, Andre. Ehrlichia spp. and 
Anaplasma spp.in Xenarthra mammals from Brazil, with evidence of novel 
‘Candidatus Anaplasma spp. Sci Rep. 2020;10(12615):1–15.

15. - Stuen S, Granquist EG, Silaghi C. Anaplasma phagocytophilum—awide-
spreadmulti- host-pathogen with highly adaptive strategies. Front Cell Infect 
Microbiol. 2013;3:31. https://doi.org/10.3389/fcimb.2013.00031.

16. - Kocan KM, de la Fuente J, Guglielmone AA, Meléndez RD. Antigens and 
alternatives for control of Anaplasma marginale infection in cattle. Clin Micro-
biol Rev. 2003;16:698–712.

17. - Guo W, Zhang B, Wang Y, Xu G, Wang X, Ni X, Zhou E. Molecular identifica-
tion and characterization of Anaplasma capra and Anaplasma platys-like 
in Rhipicephalus microplus in Ankang, Northwest China. BMC Infect Dis. 
2019;19434:1–9.

18. - García-Esteban C, Gil H, Rodríguez‐Vargas M, Gerrikagoitia X, Barandika J. 
Molecular method for Bartonella species identification in clinical and environ-
mental samples. J Clin Microbiol. 2008;46:776–9.

19. Mendoza -delV, Silva Caso J, Tinco Valdez W, del Valle C, Casabona Oré LJ, 
Champin Michelena V, Bazán D, Mayra J, Zavaleta Gavidea V, Vargas M, Ruiz J. 
Diagnosis of Carrion’s disease by direct blood PCR in thin blood smear nega-
tive samples. PLoS ONE. 2014;9:e92283.

20. Salazar de Vegas EZ, Nieves B, Araque M, Velasco E, Ruiz J. Outbreak caused 
by Acinetobacter strain RUH 1139 in an intensive care unit. Infect Control 
Hospital Epidemiol. 2006;27:397–403.

21. Rojas-Jaimes J, Correa-Nuñez G, Rojas-Palomino N, Caceres-Rey O. Detección 
de Leishmania (V) guyanensis en ejemplares de Rhipicephalus (Boophilus) 
microplus (Acari: Ixodidae) recolectados en pecaríes de collar (Pecari tajacu). 
Biomédica. 2017;37(Supl2):208–14.

22. -Han R, Yang J, Mukhtar M, Chen Z, Niu Q, Lin Y, Liu G, Luo J, Yin H, Liu Z. 
Molecular detection of Anaplasma infections in ixodid ticks from the Qinghai. 
-Tibet Plateau. 2019;8(12):1–84.

23. - Uzcategui J, Forlano M, Mujica F, Orellana N. Participación de Rhipicephalus 
sanguineus en la transmisión de Anaplasma platys en caninos. Rev Inv Vet 
Perú. 2019;30(3):1216–25. https://doi.org/10.15381/rivep.v30.i3.15076.

24. -Yuasa Y, Tsai Y, Chang C, Hsu T, Chou C. The prevalence of Anaplasma platys 
and a potential novel Anaplasma species exceed that of Ehrlichia canis in 
asymptomatic dogs and Rhipicephalus sanguineus in Taiwan. J Veterinary 
Med Sci. 2017;79(9):1494–502. https://doi.org/10.1292/jvms.17-0224.

25. - Sarih M, M’ghirbi Y, Bouattour A, Gern L, et al. Detection and identification 
of Ehrlichia spp. in ticks collected in Tunisia and Morocco. J Clin Microbiol. 
2005;43:1127–32.

26. - M, Ghorbel Y, Amouri A, Nebaoui M. Clinical, serological, and molecular 
evidence of ehrlichiosis and anaplasmosis in dogs in Tunisia. Parasitol Res. 
2009;104:767–74.

27. -M’ghirbi Y, Yaı¨ch H, Ghorbel A, Bouattour A. Anaplasma phagocytophilum in 
horses and ticks in Tunisia. Parasit Vectors. 2012;30:180.

28. -Sais M, Belkahia H, Alberti A, Zobba R, Bousrih M, Yahiaoui M, Daaloul-Jediddi 
M, Mamlouk A, Gharbi M, Messafi L. Molecular Survey of Anaplasma Species 
in Small Ruminants reveals the Presence of novel strains closely related to a. 
phagocytophilum in Tunisia. 2015;15(10):580–90. https://doi.org/10.1089/
vbz.2015.1796.

29. - Zaid T, Ereqat S, Nasereddin A, Al-Jawabreh A, Abdelkader A, Abdeen 
Z. Molecular characterization of Anaplasma and Ehrlichia in ixodid ticks 

https://figshare.com/articles/dataset/Wild/21383877?file=37952283
https://figshare.com/articles/dataset/Wild/21383877?file=37952283
https://doi.org/10.1073/pnas.1200374109
https://doi.org/10.1073/pnas.0506889103PMID
https://doi.org/10.1073/pnas.0506889103PMID
https://doi.org/10.1038/nature06536
https://doi.org/10.1038/nature06536
https://doi.org/10.1128/JCM.02120-07
https://doi.org/10.1128/JCM.02120-07
https://doi.org/10.1111/j.1574-6941.2007.00364.x
https://doi.org/10.1111/j.1574-6941.2007.00364.x
https://doi.org/10.1128/JCM.43.2.945-947.2005
https://doi.org/10.3103/S0891416807010028
https://doi.org/10.4269/ajtmh.2010.09-0778
https://doi.org/10.4269/ajtmh.2010.09-0778
https://doi.org/10.1128/CMR.00013-17
https://doi.org/10.3389/fcimb.2013.00031
https://doi.org/10.15381/rivep.v30.i3.15076
https://doi.org/10.1292/jvms.17-0224
https://doi.org/10.1089/vbz.2015.1796
https://doi.org/10.1089/vbz.2015.1796


Page 6 of 6Rojas-Jaimes and Valle-Mendoza del BMC Research Notes          (2023) 16:150 

and reservoir hosts from Palestine: a pilot survey. Veterinary Med Sci. 
2019;5(1):230–42.

30. - Massung RF, et al. Nested PCR assay for detection of granulocytic ehrlichiae. 
J Clin Microbiol. 1998;36:1090–5.

31. - André MR. Diversity of Anaplasma and Ehrlichia/Neoehrlichia Agents in 
Terrestrial Wild Carnivores Worldwide: implications for human and domestic 
Animal Health and Wildlife Conservation. Front Vet Sci. 2018;5:293. https://
doi.org/10.3389/fvets.2018.00293.

32. Del - J, Rojas–Jaimes J, Vasquez–Achaya F, Aguilar–Luis M, Correa–Nunez 
G, Silva–Caso W, Lescano A, Song X, Liu Q, Li D. Molecular identification of 
Bartonella bacilliformis in ticks collected from two species of wild mammals 
in Madre de Dios: Peru. BMC Res Notes. 2018;11:405. https://doi.org/10.1186/
s13104-018-3518-z.

33. -Bai Y, Gilbert A, Fox K, Osicowicz L, Kosoy M, BARTONELLA ROCHALI-
MAE AND, B. VINSONII. SUBSP. BERKHOFFII IN WILD CARNIVORES 

FROM COLORADO, USA. J Wildl Dis. 2016;52(4):844–9. https://doi.
org/10.7589/2016-01-015.

34. - Diniz PPVP, Morton BA, Tngrian M, Kachani M, Barrón EA, et al. Infection of 
domestic dogs in Peru by Zoonotic Bartonella Species: a cross-sectional prev-
alence study of 219 asymptomatic dogs. PLoS Negl Trop Dis. 2013;7(9):e2393. 
https://doi.org/10.1371/journal.pntd.0002393.

35. - Frank HK, Boyd SD, Hadly EA. The global fingerprint of humans on 
the distribution of Bartonella bacteria in mammals. PLoS Negl Trop Dis. 
2018;12(11):e0006865. https://doi.org/10.1371/journal.pntd.0006865.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.3389/fvets.2018.00293
https://doi.org/10.3389/fvets.2018.00293
https://doi.org/10.1186/s13104-018-3518-z
https://doi.org/10.1186/s13104-018-3518-z
https://doi.org/10.7589/2016-01-015
https://doi.org/10.7589/2016-01-015
https://doi.org/10.1371/journal.pntd.0002393
https://doi.org/10.1371/journal.pntd.0006865

	Detection of Bartonella vinsonii, Anaplasma platys and Bartonella sp. in didelphis marsupialis, Pecari tajacu and Chelonoidis denticulate: Peru
	Abstract
	Introduction
	Main text
	Methods
	Sampling
	DNA extraction
	PCR procedures
	Amplification of fragment from the 16 S rRNA gene specific to the Bartonella spp
	Amplification of 16 S rRNA gene fragments using universal primers
	Data analysis


	Results
	Discussion
	Limitations

	References


