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A B S T R A C T   

Coxiella burnetii is the etiologic agent of Q fever, a zoonotic infectious disease of worldwide distribution that has a 
wide clinical spectrum. Transmission of C. burnetii occurs by inhalation of contaminated secretions and excreta of 
infected animal species, particularly goats, cattle and sheep. Activities associated with livestock contact represent 
the principal risk factor, however participation of wildlife reservoirs is underestimated. Thus, the aim of this 
study was to evaluate the presence of C. burnetii DNA in blood from bats. Molecular analyses using a qPCR 
targeting the IS1111 specific gene to detect DNA of C. burnetii in blood samples from 126 bats captured in the 
Macaregua cave, Colombia, between 2014, 2015 and 2018 were performed. Molecular evidence of C. burnetii was 
found in 6.3%. Results obtained in the present study represent the first detection of C. burnetii among bats in 
Colombia, suggesting that more studies need to be done in order to determine the role of these animals in the eco- 
epidemiology of Q fever.   

Coxiella burnetii is the etiologic agent of Q fever (query fever), an 
infectious disease widespread around the world that can lead to 
epidemic outbreaks (Melenotte et al., 2020). C. burnetii has two 
morphological forms: the large and small-cell variants, which are the 
replicative, and the dormant spore-like forms, respectively; the last one 
is highly resistant and can remain viable for a long time in soil, dust, 
water and other environmental sources (Abeykoon et al., 2021). 

Q fever represents a challenge for physicians as diagnosis can be 
difficult without clear symptomatology. Transmission of C. burnetii to 
humans occurs by inhalation of contaminated aerosols with particles of 
secretions and excreta of infected animal species, particularly goats, 
cattle and sheep, that contaminates the environment (Abeykoon et al., 
2021). Disease can be self-limited; however, some specific hyper- 
virulent strains can cause severe illness. Clinically, Q fever presenta-
tion can include pneumonia, encephalitis, meningitis, pericarditis, 
endocarditis, haemophagocytic syndrome, alithiasic cholecystitis and 
undifferentiated febrile illness with flu-like unspecific symptoms 
(Melenotte et al., 2020). C. burnetii can cause persistent infection focuses 
by escaping the immune system and replicating silently, and in few cases 
fatal complications can occur if not treated (Melenotte et al., 2020). 

Most of human cases are considered due to occupational activities 

associated with livestock contact, but participation of wildlife reservoirs 
in the transmission of C. burnetii is still neglected even though the bac-
teria has been detected in at least 109 wild animals, including bears, 
seals, deer and rabbits with a frequency of infection of 77.7%, 74.6%, 
68.8% and 66.6% respectively (González-Barrio and Ruiz-Fons, 2019). 
Thus, according to the actual perspective of OneHealth, C. burnetii 
infection among wild reservoirs should be investigated in order to 
stablish the possible role of them in the eco-epidemiology of Q fever. 

During rainy season, in September 2014, June 2015 and October 
2018, 126 bats from three different species: Seba’s short-tailed bat 
(Carollia perspicillata n = 49), ghost-faced bat (Mormoops megalophylla n 
= 35) and Trinidadian funnel-eared bat (Natalus tumidirostris n = 42) 
were randomly captured inside the Macaregua cave, located in Las 
Vueltas village, Municipality of Curiti, Santander Department, in the 
occidental slopes of Andes Mountains, Colombia (06 39′36′′N; 
73 06′32′′W, 1565 m elevation) (Peñuela-Salgado and Pérez-Torres, 
2015). 

Permits for capture and sampling of bats were conceded by the 
‘Ministerio de Ambiente y Desarrollo Sostenible’ and ‘Autoridad 
Nacional de Licencias Ambientales, (ANLA)’, Colombia, licence No. 
0546. Procedures involving animals were approved by the Ethics and 
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Research Committee from the Faculty of Sciences of Pontificia Uni-
versidad Javeriana (ID 5696). Bats were captured using mist nets 
(BIOWEB®, Bogotá D.C., Colombia), they were anesthetized with an 
intramuscular injection of ketamine (SigmaAldrich®, Darmstadt, Ger-
many) (20 mg/kg body mass) and euthanized. A total of 0.5 to 1 mL of 
blood were collected by cardiac puncture and preserved in guanidine- 
EDTA solution V/V [6 M Invitrogen™ UltraPure™ Guanidine Hydro-
chloride (ThermoFisher Scientific, Waltham, Massachusetts, U.S.) and 
0,2 M EDTA Disodium Salt (SigmaAldrich®, Darmstadt, Germany), pH 
8.0] and stored at 4 ◦C until processing. All captured bats were sexed, 
weighed and taxonomically identified using conventional morpholog-
ical keys as it was reported previously (Muñoz-Leal et al., 2021). Blood 
samples from all specimens were stored at the “Pontificia Universidad 
Javeriana’s laboratory of Molecular Parasitology”, and were used for the 
present study. 

DNA was extracted from 200 μL of blood from each sample using the 
High Pure PCR template preparation kit (Roche Molecular Biochemicals, 
Mannheim, Germany) according to manufacturer’s instructions. A PCR 
targeting a 940-base pair fragment of the cytochrome b encoding gene 
(cytB) was performed to check successful extractions (Schlegel et al., 
2012). A C. burnetii specific qPCR was performed using the primers 
FCoxB (CAAGAAACGTATCGCTGTGGC) and RCoxB (CACA-
GAGCCACCGTATGAATC), along with a probe (FAM-CCGAGTTC-
GAAACAATGAGGGCTG-TAMRA), in order to target the 154 pb 
C. burnetii specific gene IS1111 (Mediannikov et al., 2010). Positive 
samples were considered when the cycle threshold (Ct) was lower than 
35. 

As expected, the cytB gene were detected in all bat blood samples. 
The IS1111 gene was amplified in a total of 8/126 (6.3%) bat blood 
samples, of which 3 were from Seba’s short-tailed bat, 2 from ghost- 
faced bat and 3 from Trinidadian funnel-eared bat. More details are 
shown in Table 1. 

The present study demonstrates the molecular detection of C. burnetii 
in bats from three different species sampled in the Macaregua cave, in 
the department of Santander, Colombia. Frequency of infection found in 
the present study (6.3%) are similar to what is reported in scientific 
literature (Table 2). Molecular evidence of C. burnetii in bats have been 
reported in three previous studies (Ferreira et al., 2018; Müller et al., 
2020; Tozer et al., 2014). One of them outside of American continent in 
which a frequency of 7.8% (7/90) from urine samples from flying foxes 
from Queensland, Australia (Tozer et al., 2014). The other two studies 
were carried out in Latin American countries (Ferreira et al., 2018; 
Müller et al., 2020). The first in Brazil, with a frequency of 3.4% (4/119) 
in tissue samples (spleen, blood, heart) from euthanized bats of different 
species, of which positivity was evidenced for Artibeus lituratus and 
Artibeus fimbriatus (Ferreira et al., 2018). The second in Chile, in which a 
positivity of 9% (5/55) was found in blood samples from euthanized 
Tadarida brasiliensis bats (Müller et al., 2020). In all three studies, 
detection of C. burnetii was performed targeting the specific IS1111 gene. 

In Colombia, there is evidence of the exposure to C. burnetii in 
humans and livestock. A study performed in 2006 in the Caribbean re-
gion (departments of Cordoba and Sucre) detected a seroprevalence of 
23.6% in humans (Mattar and Parra, 2006). Six years later, a report of 
endocarditis associated with C. burnetii was reported in a patient from 
Nariño municipality, Antioquia department (Betancur and Múnera, 
2012). Few studies were carried out in sheep and goat herds, and also 
from its milk production, detecting the presence of C. burnetii among 
them (Contreras et al., 2018). To date, in Colombia, no studies were 
published on the presence or exposure of C. burnetii in wildlife, so results 
obtained in the present study are a preliminary contribution on this 
field. 

The present study has several limitations, which includes only blood 
samples tested, detection of C. burnetii was done only targeting one gene, 
and due to random sampling the results of the present study do not 
reflect the total of bat specimens from the cave. 

However, as reported elsewhere (Mori et al., 2017), the IS1111 gene 

is specific for C. burnetii and provides increased sensitivity, using qPCR, 
when compared with other molecular targets and additional confirma-
tion is only required when Ct values are 35 or greater. Notwithstanding, 
results obtained should encourage the detection and study of C. burnetii 
among bats, as only a few studies around the world have looked for it. 
Future research should include excreta, since C. burnetii can persist in 
the environment (Kersh et al., 2013), representing a potential risk for 
public health due to habitat loss and human invasion that cause bat 
migration and therefore the possible dissemination of microorganisms to 
other ecosystems. Although detection of C. burnetii has been shown 
among domestic and wild animals (González-Barrio and Ruiz-Fons, 
2019), the absence of studies performed in Colombia and other Latin 
American countries should encourage future research in which, the role 
of domestic and wild animals, and their ectoparasites, must be deter-
mined for the eco-epidemiology of Q fever among these countries. 

Caves should be considered as potential infectious sites for 
C. burnetii, as bat guano can be considered as a culture medium for the 
bacteria (Igreja, 2011). The risk of spreading of these particles out of 
caves may be much lower, however, a high risk might occur when 
people enter caves (e.g. touristic speleology). Although the results ob-
tained in the present study showed the molecular detection of C. burnetii 
in bats from Macaregua, it does not represent an epidemiologic alarm. 
However, recently, the Macaregua cave has gained importance as a site 
for ecotourism (e.g. speleology), and the surrounding areas near the 
cave have been continuously used for agriculture, thus, the risk of 
contact between humans and bats from Macaregua cave exists. 
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Table 1 
Molecular frequency of Coxiella burnetii in bat species from Macaregua cave, 
Santander, Colombia.  

Bat species Feeding 
habits 

Number of 
samples 

IS1111 gene 
positive 
samples 

Frequency 
(%) 

Carollia 
perspicillata 

Frugivorous 49 3 6.1 

Mormoops 
megalophylla 

Insectivorous 35 2 5.7 

Natalus 
tumidirostris 

Insectivorous 42 3 7.1  

Total 126 8 6.3  

Table 2 
Frequency of detection of Coxiella burnetii in bats worldwide.  

Study Region Samples Frequency of detection 

Tozer et al., 2014 Australia Urine 7.8 (7/90) 
Ferreira et al., 2018 Brazil Spleen, blood, heart 3.4 (4/119) 
Müller et al., 2020 Chile Blood 9 (5/55) 
The present study Colombia Blood 6.3 (8/126)  
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molecular de bacterias zoonóticas de los géneros Leptospira y Bartonella y su 
relación con los rasgos funcionales de murciélagos, ID Proposal 7678”. 
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González-Barrio, D., Ruiz-Fons, F., 2019. Coxiella burnetii in wild mammals: a systematic 
review. Transbound. Emerg. Dis. 66 (2), 662–671. https://doi.org/10.1111/ 
tbed.13085. 

Igreja, R.P., 2011. Infectious diseases associated with caves. Wilderness Environ Med. 22 
(2), 115–121. https://doi.org/10.1016/j.wem.2011.02.012. 

Kersh, G.J., Fitzpatrick, K.A., Self, J.S., Priestley, R.A., Kelly, A.J., Lash, R.R., Marsden- 
Haug, N., Nett, R.J., Bjork, A., Massung, R.F., Anderson, A.D., 2013. Presence and 
persistence of Coxiella burnetii in the environments of goat farms associated with a Q 
fever outbreak. Appl. Environ. Microbiol. 79 (5), 1697–1703. https://doi.org/ 
10.1128/AEM.03472-12. 

Mattar, S., Parra, M., 2006. Detection of antibodies to Anaplasma, Bartonella and Coxiella 
in rural inhabitants of the Caribbean area of Colombia. Rev MVZ Córdoba. 11 (2), 
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