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Abstract: Dogs and cats are potential sources of infection for some zoonotic diseases such as Q fever,
caused by Coxiella burnetii, a multiple host pathogen. Q fever outbreaks in dogs and cats have been
related with parturition and abortion events, and ticks have a potential role in the transmission of
this pathogen. This study aimed to screen for C. burnetii in dogs and cats, and in ticks collected
from infested animals. An observational descriptive study was conducted in Portugal at two time
points nine years apart, 2012 and 2021. Sera obtained from dogs and cats (total n = 294) were tested
for C. burnetii antibodies using a commercial ELISA adapted for multi-species detection. C. burnetii
DNA was screened by qPCR assay targeting IS1111 in uterine samples and in ticks. A decrease
in the exposure to C. burnetii was observed in cats from 17.2% (95% CI: 5.8-35.8%) in 2012 to 0.0%
in 2021, and in dogs from 12.6% (95% CI: 7.7-19.0%) in 2012 to 1.7% (95% CI: 0.3-9.1%) in 2021
(p < 0.05). Overall, and despite differences in the samples, rural habitat seems to favour the exposure
to C. burnetii. The DNA of C. burnetii was not detected in ticks. The low seropositivity observed
in 2021 and the absence of C. burnetii DNA in the tested samples, suggest that dogs and cats from
Portugal are not often exposed to the pathogen. Nevertheless, the monitoring of C. burnetii infection
in companion animals is an important tool to prevent human outbreaks, considering the zoonotic
potential for owners and veterinarians contacting infected animals, mainly dogs and cats from rural
areas which often come into contact with livestock.

Keywords: Q fever; pets; PCR; ELISA; zoonosis

1. Introduction

Coxiella burnetii, a small Gram-negative intracellular bacterium, is the causative agent
of Q fever, a zoonotic infection distributed worldwide. The host range of C. burnetii
includes mammals, birds, reptiles, and arthropods [1]. Domestic ruminants are recognized
as the main sources of human infection and the shedding occurs mostly at the time of
parturition, when the heavily infected placenta results in aerosolization of C. burnetii [2].
However, human Q fever outbreaks have also been documented from the contact with
dogs and cats [3-7]. Pets can potentially be infected by inhalation, tick bites, consumption
of placentas or milk from infected ruminants [8]. The finding of C. burnetii in vaginal
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and uterine samples of healthy cats [9-12] and dogs [11-14] suggests a potential zoonotic
risk for humans. In cats, experimental infection with C. burnetii can cause fever, anorexia
and lethargy; however, in the field, the infection remains asymptomatic and frequently
undiagnosed [15]. In infected parturient dogs, early death of the pups has been reported [3].

Few reports indicate that ticks, ectoparasites of mammals including pets, can act as
vectors of C. burnetii [16-18]. Ticks acquire C. burnetii during a blood meal on infected
animals. In ticks, transstadial and transovarian transmission may occur. Transmission from
ticks to vertebrates might occur during the next blood meal or by aerogenic spread of dried
tick faecal excretions [17,19,20]. Over than 40 species of ticks have been found to carry
C. burnetii, and eventually they may serve as indicators of infection in nature [16-18].

This study aimed to evaluate the exposure to C. burnetii infection in dogs and cats
from central Portugal over a period of nine years apart, and to detect the presence of
C. burnetii DNA in uterine samples of bitches and queens, and in ticks collected from
companion animals.

2. Materials and Methods
2.1. Study Design

An observational descriptive study was conducted in the central region of Portugal
at two time points nine years apart, 2012 and 2021. For sample size calculations, an
expected prevalence of 4.8% was considered [21] following the method described by [22],
considering a desired absolute precision of 10% and a 95% confidence interval. The
calculation was performed using the software WinEpiscope version 2.0. Samples were
collected by a convenience sampling strategy in dogs and cats. In 2012, the following
inclusion criteria were considered: males and females older than six months and attending
to veterinary medical care centres or housed at a municipal kennel. In 2021, the inclusion
criteria: females older than six months and attending to veterinary medical care centres for
ovariohysterectomy procedures.

2.2. Dogs and Cats Attending to Veterinary Medical Care Centres

To evaluate the exposure to C. burnetii, the surplus plasma or serum samples of whole
blood collected into EDTA tubes or into tubes without anticoagulant during the routine
procedures of veterinary examination were kept, after receiving written consent of the
owners (2012 n = 99; 2021 n = 107), and stored at —20 °C until analysis.

In 2012, in dogs and cats selected for blood sampling, ticks were collected (n = 97) and
preserved in 70% alcohol. All ticks were identified by stereomicroscopy using a standard
morphological key [23] and the data was recorded, including the developmental stage (i.e.,
larval, nymph, adult) and the gender (i.e., male and female). Ticks were used to detect the
presence of C. burnetii DNA.

In 2021, reproductive tissue, and/or endometrial swabs were collected from females
submitted to ovariohysterectomy (n = 107). The confidentiality of the patients and the
well-being of the animals was ensured during the whole study. Furthermore, none of the
sampling procedures were performed with the strict purpose of this study.

2.3. Dogs and Cats from Municipal Kennels

In 2012, blood samples were collected into tubes without anticoagulant (n = 81)
from anesthetized animals undergoing to specific surgical procedures. This procedure
was carried out under approval of Portuguese National Authority for Animal Health
(no0.C.12.014.UDER).

2.4. Dogs and Cats Details

In both periods of sampling, individual information was registered in a questionnaire
containing characterization variables such as the gender (i.e., pets sampled in 2012), breed,
age, habitat, and exposure to wildlife or to other domestic animals.
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2.5. Antibody Testing

Sera and plasma were tested in duplicate using a commercial indirect ELISA kit,
including phase I and phase II C. burnetii antigens obtained from infected ruminants and
adapted for multi-species (ID Screen Q Fever Indirect Multispecies®, IDVet) following the
manufacturer’s instructions. Furthermore, the S/P% was calculated through the optical
density values at 450 nm obtained in each sample. Thus, results were categorized as
negative when S/P% < 40%, doubtful when S/P% > 40% and <50%, positive when
S/Po/o > 50%.

2.6. Molecular Testing

To obtain DNA for PCR testing the commercial Qiamp DNA Mini Kit (Qiagen®, Isaza,
Portugal) was used following to manufacturer’s instructions.

2.7. DNA Extraction from Ticks

Ticks were washed three times in 1x phosphate-buffered saline, rinsed with distilled
water, and dried on sterile filter paper prior to DNA extraction [24]. Then, they were
crushed individually and aseptically, using surgical scalpel blades in sterile Petri dishes
and 25 mg of the obtained homogenized material was used for DNA extraction.

2.8. DNA Extraction from Reproductive Tissue and Endometrial Swabs

Uterine pieces and/or endometrial swabs were pooled in groups of seven to ten
samples. In uterine pieces, 25 mg of tissue was collected aseptically, using scalpel blades,
and homogenized in a sterile Petri dish. Subsequently, 25 mg of the pooled homogenate
was used for DNA isolation. Endometrial swabs were suspended into 1000 pL of sterile
phosphate-buffered saline (PBS), then 200 uL of each swab was placed into an Eppendorf®
tube and vortexed. Finally, 200 pL of the whole suspension was used for DNA extraction.

2.9. Real-Time PCR

A real-time PCR assay targeting an insertion sequence used for detecting C. burnetii,
the IS1111, was conducted using the commercial Taq Vet™ Coxiella burnetii Real-time PCR
kit (LSI®, Lissieu, France) on a CFX-96 thermocycler (Bio-Rad®, Amadora, Portugal) to
determine the threshold cycle (Ct) values, following the manufacturer instructions. This
commercial assay was developed as a duplex PCR to detect C. burnetii DNA in ruminant
samples and a ruminant reference gene (GAPDH) used as an internal positive control.
Because this commercial kit was used in non-ruminant samples, a duplicate assay was
performed to control the presence of Taq polymerase inhibitors. So, in one assay 5 uL of
species DNA was used (i.e., dog or cat), and in the other assay 2.5 uL of the species DNA
plus 2.5 pL of ruminant DNA (C. burnetii negative) was used. This procedure aimed to
screen the presence of false negative results due to Taq polymerase inhibitors in samples
from other species rather than ruminants.

2.10. Statistical Analyses

For statistical analyses, a descriptive analysis was performed, and a simple logistic
regression analysis was performed to explore associations between individual factors
and response variables. Confidence limits for the proportions were estimated with 95%
confidence intervals (CI) assuming a binominal exact distribution (Epilnfo v7.2.5.0; Center
for Disease Control and Prevention, Atlanta, GA, USA).

3. Results
3.1. Antibody Testing

A total of 287 serum or plasma samples were tested from dogs (n = 211) and cats
(n =76). The obtained results in each serosurvey and per species are described in Table 1.
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Table 1. Results from the serosurvey conducted, in 2012 and in 2021, in dogs and in cats.

Cats Dogs
Study Period
Number (n) Number (%) of Positives 2 CI95% Number (n) Number (%) of Positives 2 CI195%
2012 29 5(17.2) 5.8-35.8 151 19 (12.6) 7.7-19.0
2021 47 0(0) na.P 60 1(1.7) 0.3-9.1
Total 76 5 (6.6) 2.5-15.3 211 20 (9.5) 6.0-14.5

2 confidence interval, ® not applicable.

In 2012, the mean age of the tested animals was estimated in 63.6 months (range:
6 to 192 months, SD = 60.8 months) in cats and 71 months (range: 6 to 168 months,
SD =51 months) in dogs. Male gender was slightly predominant in both species: 55.2%
in cats (95% CI: 36-73%) and 62.9% in dogs (95% CI: 53.7-71.3%); as well as the rural
habitat: 58.6% of cats (95% CI: 39.1-75.9%) and 54.9% of dogs (95% CI: 46.0-63.6%) lived in
a rural area.

An exposure to C. burnetii was evidenced in five cats (17.2%; 95% CI: 5.8 to 35.8%). The
proportion of positive results was slightly higher in female cats (10.3%, 95% CI: 2.7-28.5%)
and in cats younger than 24 months (10.3%, 95% CI: 2.7 28.5%). All the positive cats lived
in rural areas. Among them, 80% (95% CI: 29.9 98.9%) referred the exposure to wildlife and
20% (95% CI: 1.1-7.0%) cohabited with other domestic animal species.

In dogs, an exposure to C. burnetii was evidenced in 19 animals (12.6%; 95% CI:
7.7-19.0%). Despite the lack of data in some animals, the proportion of positive results was
equal in both genders as well as in rural and urban areas. A higher proportion of positive
results was found in animals older than 24 months (5.3%; 95% CI: 2.7-10.1%), in animals
with an owner (8%; 95% CI: 4.4-13.8%), and in dogs not cohabiting with domestic animals
(4.0%; 95% CI: 1.6-8.8%) but exposed to wildlife (4.0%; 95% CI: 1.6-8.8%).

In 2021, the mean age was estimated in 14.3 months (range: 6 to 108 months,
SD =19.9 months) in cats, and 52 months (range: 6 to 180 months, SD = 46.6 months) in
dogs. All the samples were taken from females and a predominance of an urban habitat was
observed in dogs (n = 56; 93.3%; 95%CI: 83.0-97.8%) and in cats (n = 47; 100%). Regarding
the contact with other animal species, despite the lack of information in several animals,
only 12 cats (25.5%; 95% CI: 14.4-40.6%) and 11 dogs (18.3%,95% CI: 9.9-30.9%) had contact
with other animal species. The contact with domestic ruminants was not mentioned in any
of the studied cats.

No exposure to C. burnetii was found in cats. However, it was evidenced in one dog
(1.7%; 95%, CI: 0.1-10.1%). It corresponded to a companion 6-year-old Chihuahua living in
a rural area, apparently with no contact with other animal species.

Overall, a decrease on the proportion of antibody positive samples was observed from
2012 to 2021. The difference of these results was statistically significant in dogs (p < 0.05).

3.2. Molecular Testing
3.2.1. Ticks

Table 2 summarizes the data about tick identification and PCR results, in 2012. A total
of 91 hard ticks comprising 88 adults (96.7%) and 3 nymphs (3.3%) were collected. Among
those, 77 (84.6%) were collected from dogs and 14 (15.4%) from cats. In the adult forms,
females were predominant (61; 69.3%) and most of them (40/61; 65.6%) were engorged.
The most common species in both dogs and cats was Rhipicephalus sanguineus, followed by
Ixodes ricinus. Dermacentor reticulatus was only identified in one dog.
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Table 2. Characterisation of the ticks identified in dogs and cats, in 2012, and PCR results.

Tick Species

Stage/Sex
Ne° Ticks N° Hosts PCR Result

Engorged Female = Non-Engorged Female Male Nymph Larva

Dogs
R. sanguineus 34 16 23 1 0 74 14 Negative
I ricinus 0 0 1 1 0 2 2 Negative
D. reticulatus 0 0 1 0 0 1 1 Negative
Cats
R. sanguineus 6 3 1 0 0 10 6 Negative
I. ricinus 0 2 1 1 0 4 3 Negative

C. burnetii DNA was not detected in ticks. In duplicate assays, the internal reference
gene was amplified. The results for external positive controls were positive and for external
negative controls were negative. Thus, PCR reagents were validated as well as the absence
of inhibitors of the Taq polymerase in DNA samples.

3.2.2. Uterine Tissue and/or Endometrial Swabs

Among uterine tissue and endometrial swabs collected from queens and bitches,
in 2021, all the samples were negative for the presence of C. burnetii DNA. In duplicate
assays, the internal reference gene was amplified. The results for external positive controls
were positive and for external negative controls were negative. Thus, PCR reagents were
validated as well as the absence of inhibitors of the Taq polymerase in DNA samples.

4. Discussion

This study was conducted at two time points nine years apart. In the first serosurvey,
conducted in 2012, the proportion of positive results was 17.2% and 12.6% in cats and dogs,
respectively. In the second serosurvey, in 2021, no positive results were obtained in cats
and 1.7% of dogs evidenced the presence of C. burnetii antibodies. In the same region, at
the same time of the first survey (2012), a serosurvey was conducted in small ruminants
and a global individual seroprevalence of 9.6% was estimated [25]. However, a significant
increase in seroprevalence was observed in sheep from the central region of Portugal a
few years later [26]. The results obtained in the second survey (2021) seem to discard
the scenario observed in small ruminants. Nevertheless, a careful analysis must be done
since one gap in this study is the convenience sampling triggering bias in the obtained
results. Furthermore, it should not be neglected that the second survey occurred during the
COVID-19 pandemics which certainly affected the sampling and the results since due to
the mandatory confinement, pet dogs and cats principally from urban areas reduced their
contact with other animals.

Studies conducted in cats reported an exposure to C. burnetii of 14.2% in Japan [27],
9% in California, United States [28], 13% in Zimbabwe and 2% in South Africa [29]. A
serosurvey conducted in Canada-Nova Scotia, where an outbreak of human Q fever was
reported [5], revealed a seroprevalence of 6% in cats [30]. Interestingly, in a similar study
performed in the region of Ontario, no seropositive results were found in cats [31] revealing
that the patterns of infection may differ geographically, during time or depending on
sampling strategy. In fact, a higher seroprevalence (61.5%) was obtained in cats from the
United Kingdom but the sampling strategy included cats with owners, living outdoors
with hunting habits which might have biased the results by the exposure to wildlife [32].
In the presented study, in the second serosurvey (2021) cats living in an urban area were
predominant (96%). This finding differs from the first serosurvey (2012) in which more than
50% of the cats lived in rural areas and among them, 80% (95% CI: 29.9-98.9) were exposed
to wildlife (data not shown). Unfortunately, in 2021, the registration of these data failed
hampering comparisons. Overall, despite the constraints related with the sampling, it
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seems that the higher exposure to C. burnetii observed in cats in 2012 might be explained by
the higher percentage of animals originated from rural areas. In these areas, the likelihood
of contact with potential sources of infection such as wild animals or livestock is higher
comparing with urban areas [5,32]. In Japan, a seropositive rate of 41.7% was found in
stray cats, being higher than the seropositivity in domestic cats (14.2%) [27]. These findings
demonstrate that the feline environment influences the exposure to C. burnetii.

In dogs, similarly to cats, a significant decrease on the proportion of antibody positive
animals was observed from 2012 (12.6%) to 2021 (1.7%). In 1995, in a serosurvey conducted
in Portugal 4.8% of dogs evidenced an exposure to C. burnetii [21]. Previous surveys of
C. burnetii in dogs reported an exposure of 26.1% in Australia [14], 66% in California [28],
59.3% in Bulgaria [33], 12% in Croatia [34], 9.8% in France, 11.6% in Senegal [35], 1%
in Italy [36] and in Canada no antibodies were detected in dogs [30]. Differences on
seroprevalence may occur during time and between geographic locations. Nevertheless,
the comparison of data of published studies must be done carefully due to differences in
study design, sampling approach and methods applied.

Interestingly, in 2012, a higher antibody positivity (8.0%) was found in dogs with
owner comparing with those from the municipal kennel (4.6%) (data not shown). These
findings are discordant with those obtained in Montenegro where a higher positivity
was obtained in shelter dogs [37]. Additionally, in the United States, California, a higher
positivity was observed in stray dogs than in dogs with owner [28]. The herein presented
results are somewhat unexpected considering that most of the animals kept at the municipal
shelter were captured from the streets and thus presented a higher chance of exposure to
C. burnetii by the contact with wildlife [1]. Moreover, and despite the rural origin of the
unique positive result in 2021, in 2012 a similar positivity was obtained in dogs from rural
(5.3%) and from urban (5.3%) areas (data not shown). These findings are also unanticipated
since a higher positivity would be expected in rural areas, due to contact with livestock and
wildlife favouring the exposure to C. burnetii [1]. In urban areas Q fever outbreaks might be
related to windborne spreading of C. burnetii [38] but questions about the potential sources
of infection in urban areas remain unclear.

C. burnetii shows a high tropism towards uterus and infective bacteria can be found in
high concentrations in the birth products from infected females [1]. Thus, in 2021, uterine
tissue and endometrial swabs were collected during ovariohysterectomy procedures to
detect DNA of C. burnetii by PCR testing. However, no positive PCR results were obtained.
Similar results were obtained in Australia [14]. These results might be due to the absence or
low concentration of the pathogen in the tested samples. At the time of sample collection
most of the females were not pregnant and it is known that the number of bacteria increases
drastically during pregnancy due to its massive replication in placental tissues [12,39].

In Portugal, the climate and ecological conditions are favourable for the development
of several species of ticks and 24 species have been identified so far [40]. C. burnetii DNA was
not detected in any of the three species of ticks collected from dogs and cats, in 2012. Similar
results were obtained in the Netherlands [41], Poland [42], Switzerland [43], Sweeden [44]
and Japan [45]. However, positive results were obtained in Belarus (1%) [46], Slovakia
(3%) [47], Poland (15.9%) [20], Italy (22%) [41] and in pools of ticks from Kenya (50%) [48].
In these studies, C. burnetii was found in the genus Rhipicephalus, Ixodes, Dermacentor and
Haemaphisalis collected in dogs or in the environment [9,41,45,46,48]. These results should
be carefully examined because of limited number of ticks analysed. Thus, we must consider
that if these results were confirmed by extensive studies using ticks collected from animals
and from the environment, the risk of acquiring C. burnetii from ticks would be considered
negligible in Portugal. Notwithstanding, the identification of a hotspot of C. burnetii in ticks
at a regional level in Belarus [46] and the high prevalence of C. burnetii in ticks collected in
a public park in Rome, suggest the potential role of ticks in the maintenance of infection
in some regions [41]. In this context, monitoring of vectors should be performed on a
regular basis.
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In this study, it was not possible to establish an association between the presence
of C. burnetii in pets and ticks taken from infested animals. However, ticks cannot be
discarded as potential vectors and thus more investigation is needed to really clarify the
role of ticks in the transmission of C. burnetii, namely at the species level and their habitat.

The exposure to C. burnetii was confirmed in both cats and dogs. Overall, cats seem
to be more predisposed to be exposed to C. burnetii, which might be related to their living
habits since indoor cats having frequently free access to the backyard where they express
their hunting instinct, and possibly being exposed to potential infected wildlife prey. In
dogs, the sources of infection are not well described.

Globally, dogs and cats seem to play a minor role in the transmission of C. burnetii.
However, a few outbreaks related to pets’ transmission have been reported in which affected
individuals confirmed the contact with parturient animals testing positive to C. burnetii.
Furthermore, stillbirth and perinatal mortality have been described in dogs and cats and
linked with human Q fever outbreaks [3,4,6,7,49,50].

5. Conclusions

Our findings suggest that, in Portugal, dogs and cats are exposed to C. burnetii. How-
ever, the exposure rate seems to change over time. C. burnetii DNA was not detected in
ticks or in uterine tissue or in endometrial swabs. Thus, it is suggested that neither dogs
nor cats nor ticks seem to play a major role in the transmission of C. burnetii or be a source
for human infections for this agent in Portugal.

Author Contributions: Conceptualization, S.A. (Sofia Anastécio), S.S., G.d.S. and H.V.; methodology,
S.A. (Sofia Anastacio), S.A. (Samuel Anjos), S.S., TN., PE., BM., H.C., M.d.A.P. and H.V,; writing,
S.A. (Sofia Anastacio), S.A. (Samuel Anjos) and S.N.; review and editing, S.A. (Sofia Anastécio), H.V.,
G.d.S. and M.d.A.P. All authors have read and agreed to the published version of the manuscript.

Funding: The participation of Sofia Anastacio was supported by the SFRH/BD/77823/2011 given by
Portuguese Foundation for Science and Technology (FCT). Samuel Anjos and Suzi Neves were sup-
ported financially by Associagao Cognitaria Vasco da Gama. The participation of Hugo Vilhena and
Maria dos Anjos Pires was supported by the projects UIDB/CVT/00772/2020 and LA /P /0059 /2020
funded by the Portuguese Foundation for Science and Technology (FCT). S.A. and G.S. were sup-
ported by CNC UIDB/04539/2020.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. The sample collection in animals from municipal kennel was approved by the Institutional
Review Board of Portuguese National Authority for Animal Health (no. C.12.014.UDER).

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Eldin, C.; Mélenotte, C.; Mediannikov, O.; Ghigo, E.; Million, M.; Edouard, S.; Mege, ].L.; Maurin, M.; Raoult, D. From Q Fever to
Coxiella burnetii Infection: A Paradigm Change. Clin. Microbiol. Rev. 2017, 30, 115-190. [CrossRef]

2. Rousset, E.; Sidi-Boumedine, K.; Kadra, B.; Kupcsullk, B. Chapter 3.1.17—Q Fever. In Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals, 8th ed.; World Organization for Animal Health: Paris, France, 2018; Available online: https://www.woah.org/
en/what-we-do/standards/codes-and-manuals/ terrestrial-manual-online-access/ (accessed on 30 September 2022).

3. Buhariwalla, E; Cann, B.; Marrie, T.]. A dog-related outbreak of Q fever. Clin. Infect. Dis. 1996, 23, 753-755. [CrossRef] [PubMed]

4. Kosatski, T. Household outbreak of Q fever pneumonia related to a parturient cat. Lancet 1984, 2, 1447-1449. [CrossRef] [PubMed]

5. Marrie, T.J.; Durant, H.; Williams, J.C.; Mintz, E.; Waag, D.M. Exposure to Parturient Cats: A Risk Factor for Acquisition of Q
Fever in Maritime Canada. J. Infect. Dis. 1988, 158, 101-108. [CrossRef] [PubMed]

6. Marrie, TJ.; MacDonald, A.; Durant, H.; Yates, L.; McCormick, L. An outbreak of Q fever probably due to contact with a parturient
cat. Chest 1988, 93, 98-103. [CrossRef]

7. Kopecny, L.; Bosward, K.L.; Shapiro, A.; Norris, ].M. Investigating Coxiella burnetii infection in a breeding cattery at the centre of

a Q fever outbreak. J. Feline Med. Surg 2013, 15, 1037-1045. [CrossRef]


http://doi.org/10.1128/CMR.00045-16
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-online-access/
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-online-access/
http://doi.org/10.1093/clinids/23.4.753
http://www.ncbi.nlm.nih.gov/pubmed/8909839
http://doi.org/10.1016/S0140-6736(84)91633-7
http://www.ncbi.nlm.nih.gov/pubmed/6151054
http://doi.org/10.1093/infdis/158.1.101
http://www.ncbi.nlm.nih.gov/pubmed/3392409
http://doi.org/10.1378/chest.93.1.98
http://doi.org/10.1177/1098612X13487360

Pathogens 2022, 11, 1525 80f9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Porter, S.R.; Czaplicki, G.; Mainil, J.; Guatteo, R.; Saegerman, C. Q fever: Current state of knowledge and perspectives of research
of a neglected zoonosis. Int. J. Microbiol. 2011, 2011, 248418. [CrossRef]

Nagaoka, H.; Sugieda, M.; Akiyama, M.; Nishina, T.; Akahane, S.; Fujiwara, K. Isolation of Coxiella burnetii from the vagina of
feline clients at veterinary clinics. J. Vet. Med. Sci. 1998, 60, 251-252. [CrossRef] [PubMed]

Cairns, K.; Brewer, M.; Lappin, M.R. Prevalence of Coxiella burnetii DNA in vaginal and uterine samples from healthy cats of
north-central Colorado. J. Feline Med. Surg 2007, 9, 196-201. [CrossRef]

Tozer, S.J.; Lambert, S.B.; Strong, C.L.; Field, H.E.; Sloots, T.P.; Nissen, M.D. Potential animal and environmental sources of Q
fever infection for humans in Queensland. Zoonoses Public Health 2014, 61, 105-112. [CrossRef] [PubMed]

Abdel-Moein, K.A.; Zaher, HM. Parturient Cat As a Potential Reservoir for Coxiella burnetii: A Hidden Threat to Pet Owners.
Vector Borne Zoonotic Dis. 2021, 21, 264-268. [CrossRef] [PubMed]

Roest, H.1].; van Solt, C.B.; Tilburg, ].J.H.C.; Klaassen, CH.W.; Hovius, E.K.; Roest, ET.E,; Vellema, P.; van den Brom, R.; van
Zijderveld, F.G. Search for Possible Additional Reservoirs for Human Q Fever, the Netherlands. Emerg. Infect. Dis. 2013, 19,
834-835. [CrossRef] [PubMed]

Ma, G.C.; Norris, ].M.; Mathews, K.O.; Chandra, S.; élapeta, J.; Bosward, K.L.; Ward, M.P. New insights on the epidemiology of
Coxiella burnetii in pet dogs and cats from New South Wales, Australia. Acta Trop. 2020, 205, 105416. [CrossRef] [PubMed]
Mares-Guia, M.A.M.M.; Rozental, T.; Guterres, A.; Gomes, R.; de Almeida, D.N.; Moreira, N.S.; Barreira, J.D.; Favacho, A.R.;
Santana, A.L.; de Lemos, E.R.S. Molecular identification of the agent of Q fever—C. burnetii—In domestic animals in State of Rio
de Janeiro, Brazil. Rev. Soc. Bras. Med. Trop. 2014, 47, 231-234. [CrossRef]

Egberink, H.; Addie, D.; Beldk, S.; Boucraut-Baralon, C.; Frymus, T.; Gruffydd-Jones, T.; Hartmann, K.; Hosie, M.].; Lloret, A.;
Lutz, H,; et al. Coxiellosis/Q fever in cats: ABCD guidelines on prevention and management. J. Feline Med. Surg. 2013, 15,
573-575. [CrossRef]

Spitalska, E.; Kocianova, E. Detection of C. burnetii in ticks collected in Slovakia and Hungary. Eur. J. Epidemiol. 2003, 18, 263-266.
[CrossRef]

Yessinou, R.E.; Katja, M.S.; Heinrich, N.; Farougou, S. Prevalence of Coxiella-infections in ticks—Review and meta-analysis. Ticks
Tick Borne Dis. 2022, 13, 101926. [CrossRef]

Korner, S.; Makert, G.R.; Ulbert, S.; Pfeffer, M.; Mertens-Scholz, K. The Prevalence of Coxiella burnetii in Hard Ticks in Europe
and Their Role in Q Fever Transmission Revisited-A Systematic Review. Front. Vet. Sci. 2021, 8, 655715. [CrossRef]
Szymanska-Czerwinska, M.; Galinska, E.M.; Niemczuk, K. Prevalence of C. burnetii infection in foresters and ticks in south-eastern
Poland and comparison of diagnostic methods. Ann. Agric. Environ. Med. 2013, 20, 699-704.

Bacellar, F.; Dawson, ].E.; Silveira, C.A.; Filipe, A.R. Antibodies against Rickettsiaceae in dogs of Setubal, Portugal. Cent. Eur. |.
Public Health 1995, 3, 100-102.

Thrusfield, M. Veterinary Epidemiology, 2nd ed.; Blackwell Science: Oxford, UK, 1995; 483p.

Zajac, A.M.; Conboy, G.A. Veterinary Clinical Parasitology, 7th ed.; Blackwell Publications: Ames, Iowa, 2006; 305p.

Reye, A.L.; Arinola, O.G.; Hiibschen, ]. M.; Muller, C.P. Pathogen prevalence in ticks collected from the vegetation and livestock in
Nigeria. Appl. Environ. Microbiol. 2012, 78, 2562-2568. [CrossRef] [PubMed]

Anastacio, S.; Tavares, N.; Carolino, N.; Sidi-Boumedine, K.; da Silva, G.J. Serological evidence of exposure to Coxiella burnetii in
sheep and goats in central Portugal. Vet. Microbiol. 2013, 167, 500-505. [CrossRef] [PubMed]

Cruz, R; Esteves, E; Vasconcelos-Nobrega, C.; Santos, C.; Ferreira, A.S.; Mega, A.C.; Coelho, A.C.; Vala, H.; Mesquita, J.R.
Prospective Serosurvey of Coxiella burnetii Antibodies in Selected Sheep of Portugal. Ecohealth 2018, 15, 871-874. [CrossRef]
[PubMed]

Komiya, T.; Sadamasu, K.; Kang, M.L;; Tsuboshima, S.; Fukushi, H.; Hirai, K. Seroprevalence of Coxiella burnetii infections among
cats in different living environments. J. Vet. Med. Sci. 2003, 65, 1047-1048. [CrossRef] [PubMed]

Willeberg, T.; Ruppanner, R.; Behymer, D.E.; Haghighi, S.; Kaneko, J.J.; Franti, C.E. Environmental exposure to Coxiella burnetii:
A sero-epidemiologic survey among domestic animals. Am. J. Epidemiol. 1980, 111, 437-443. [CrossRef] [PubMed]
Matthewman, L.; Kelly, P.; Hayter, D.; Downie, S.; Wray, S.; Bryson, N.; Rycroft, A.; Raoult, D. Exposure of cats in southern Africa
to Coxiella burnetii, the agent of Q fever. Eur. |. Epidemiol. 1997, 13, 477-479. [CrossRef] [PubMed]

Marrie, T.J.; Buren, ].V,; Fraser, J.; Haldane, E.V.; Faulkner, R.S.; Williams, J.C.; Kwan, C. Seroepidemiology of Q Fever among
Domestic Animals in Nova Scotia. Am. . Public Health 1985, 75, 763-766. [CrossRef] [PubMed]

Lang, G. Prevalence of antibodies to Coxiella and Chlamydia spp. in cats in Ontario. Can. . Vet. Res. 1992, 33, 134.

Meredith, A.L.; Cleaveland, S.C.; Denwood, M.].; Brown, ].K.; Shaw, D.J. Coxiella burnetii (Q Fever) Seroprevalence in Prey and
Predators in the United Kingdom: Evaluation of Infection in Wild Rodents, Foxes and Domestic Cats Using a Modified ELISA.
Transbound Emerg Dis. 2015, 62, 639-649. [CrossRef]

Martinov, S.P.; Pandarov, S.; Popov, G.V. Seroepizootology of Q fever in Bulgaria during the last five years. Eur. |. Epidemiol. 1989,
5,425-427. [CrossRef]

Punda-Polic, V.; Poljak, S.; Bubic, A.; Bradaric, N.; Klismanic-Nuber, Z. Antibodies to spotted fever group rickettsiae and Coxiella
burnetii among domestic animals in southern Croatia. Acta Microbiol. Immunol. Hung. 1995, 42, 339-344.

Boni, M.; Davoust, B.; Tissot-Dupont, H.; Raoult, D. Survey of seroprevalence of Q fever in dogs in the southeast of France, French
Guyana, Martinique, Senegal and the Ivory Coast. Vet. Microbiol. 1998, 64, 1-5. [CrossRef] [PubMed]


http://doi.org/10.1155/2011/248418
http://doi.org/10.1292/jvms.60.251
http://www.ncbi.nlm.nih.gov/pubmed/9524952
http://doi.org/10.1016/j.jfms.2006.11.006
http://doi.org/10.1111/zph.12051
http://www.ncbi.nlm.nih.gov/pubmed/23663407
http://doi.org/10.1089/vbz.2020.2714
http://www.ncbi.nlm.nih.gov/pubmed/33434106
http://doi.org/10.3201/eid1905.121489
http://www.ncbi.nlm.nih.gov/pubmed/23697680
http://doi.org/10.1016/j.actatropica.2020.105416
http://www.ncbi.nlm.nih.gov/pubmed/32105667
http://doi.org/10.1590/0037-8682-0076-2013
http://doi.org/10.1177/1098612X13489216
http://doi.org/10.1023/A:1023330222657
http://doi.org/10.1016/j.ttbdis.2022.101926
http://doi.org/10.3389/fvets.2021.655715
http://doi.org/10.1128/AEM.06686-11
http://www.ncbi.nlm.nih.gov/pubmed/22327584
http://doi.org/10.1016/j.vetmic.2013.08.004
http://www.ncbi.nlm.nih.gov/pubmed/24060100
http://doi.org/10.1007/s10393-018-1374-x
http://www.ncbi.nlm.nih.gov/pubmed/30255415
http://doi.org/10.1292/jvms.65.1047
http://www.ncbi.nlm.nih.gov/pubmed/14532705
http://doi.org/10.1093/oxfordjournals.aje.a112919
http://www.ncbi.nlm.nih.gov/pubmed/7377186
http://doi.org/10.1023/A:1007317032647
http://www.ncbi.nlm.nih.gov/pubmed/9258556
http://doi.org/10.2105/AJPH.75.7.763
http://www.ncbi.nlm.nih.gov/pubmed/3890569
http://doi.org/10.1111/tbed.12211
http://doi.org/10.1007/BF00140133
http://doi.org/10.1016/S0378-1135(98)00247-8
http://www.ncbi.nlm.nih.gov/pubmed/9874098

Pathogens 2022, 11, 1525 90f9

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Baldelli, R.; Cimmino, C.; Pasquinelli, M. Dog-transmitted zoonoses: A serological survey in the province of Bologna. Ann. Ist.
Super Sanita 1992, 28, 493-496. [PubMed]

Lausevi¢, D.; Ili¢, T.; Nenadovié, K.; Baci¢, D.; Obrenovi¢, S. Seroprevalences of Rickettsia conorii, Ehrlichia canis and Coxiella
burnetii in Dogs from Montenegro. Acta Parasitol. 2019, 64, 769-778. [CrossRef]

Popescu, C.; Lobodan, A.; Dulama, R.; Negru, A.R.; Radulesku, M.; Tiliscan, C.; Popescu, G.A.; Poghirc, V.; Popescu, R.; Juganaru,
G.; etal. Q fever in urban area—Na emerging zoonosis. BMC Infect. Dis. 2014, 14 (Suppl. S7), P86. [CrossRef]

van den Brom, R.; van Engelen, E.; Roest, H.I; Vellema, P. Coxiella burnetii infections in sheep or goats: An opinionated review.
Vet. Microbiol. 2015, 181, 119-129. [CrossRef]

Silva, M.M,; Santos, A.S.; Formosinho, P; Bacellar, F. Carracas associadas a patologias infecciosas em Portugal. ActaMedPort 2006,
19, 39-48.

Mancini, F; Di Luca, M.; Toma, L.; Vescio, E.; Bianchi, R.; Khoury, C.; Marini, L.; Rezza, G.; Ciervo, A. Prevalence of tick-borne
pathogens in an urban park in Rome, Italy. Ann. Agric. Environ. Med. 2014, 21, 723-727. [CrossRef] [PubMed]

Grochowska, A.; Dunaj-Matyszko, ]J.; Pancewicz, S.; Czupryna, P.; Milewski, R.; Majewski, P.; Moniuszko-Malinowska, A.
Prevalence of Tick-Borne Pathogens in Questing Ixodes ricinus and Dermacentor reticulatus Ticks Collected from Recreational
Areas in Northeastern Poland with Analysis of Environmental Factors. Pathogens 2022, 11, 468. [CrossRef]

Pilloux, L.; Baumgartner, A.; Jaton, K.; Lienhard, R.; Ackermann-Gdumann, R.; Beuret, C.; Greub, G. Prevalence of Anaplasma
phagocytophilum and Coxiella burnetii in Ixodes ricinus ticks in Switzerland: An Underestimated Epidemiologic Risk. New
Microbes New Infect. 2019, 27, 22-26. [CrossRef]

Wallménius, K.; Pettersson, ].H.O.; Jaenson, T.G.T.; Nilsson, K. Prevalence of Rickettsia spp., Anaplasma phagocytophilum, and
Coxiella burnetii in adult Ixodes ricinus ticks from 29 study areas in central and southern Sweden. Ticks Tick. Borne. Dis. 2012, 3,
100-106. [CrossRef] [PubMed]

Andoh, M.; Andoh, R.; Teramoto, K.; Komiya, T.; Kaneshima, T.; Takano, A.; Hayashidani, H.; Ando, S. Survey of Coxiella
burnetii in ticks collected from dogs in Japan. J. Vet. Med. Sci. 2013, 75, 1115-1117. [CrossRef] [PubMed]

Reye, A.L,; Stegniy, V.; Mishaeva, N.P; Velhin, S.; Hubschen, ].M.; Ignatyev, G.; Muller, C.P. Prevalence of tick-borne pathogens in
Ixodes ricinus and Dermacentor reticulatus ticks from different geographical locations in Belarus. PLoS ONE 2013, 8, e54476.
[CrossRef] [PubMed]

Rehacek, J.; Urvolgyi, J.; Kocianova, E.; Sekeyova, Z.; Vavrekovd, M.; Kovacova, E. Extensive examination of different tick species
for infestation with Coxiella burnetii in Slovakia. Eur. |. Epidemiol. 1991, 7, 299-303. [CrossRef] [PubMed]

Knobel, D.L.; Maina, A.N.; Cutler, S.J.; Ogola, E.; Feikin, D.R.; Junghae, M.; Halliday, J.E.B.; Richards, A.L.; Breiman, R.F;
Cleaveland, S.; et al. Coxiella burnetii in Humans, Domestic Ruminants, and Ticks in Rural Western Kenya. Am. . Trop. Med. Hyg.
2013, 88, 513-518. [CrossRef] [PubMed]

Sprong, H.; Tijsse-Klasen, E.; Langelaar, M.; De Bruin, A.; Fonville, M.; Gassner, F,; Takken, W.; Van Wieren, S.; Nijhof, A.; Jongejan,
F; et al. Prevalence of Coxiella burnetii in ticks after a large outbreak of Q fever. Zoonoses Public Health 2012, 59, 69-75. [CrossRef]
[PubMed]

Malo, J.A.; Colbran, C.; Young, M.; Vasant, B.; Jarvinen, K.; Viney, K.; Lambert, S.B. An outbreak of Q fever associated with
parturient cat exposure at an animal refuge and veterinary clinic in southeast Queensland. Aust. N. Z. J. Public Health 2018, 42,
451-455. [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/1303042
http://doi.org/10.2478/s11686-019-00098-w
http://doi.org/10.1186/1471-2334-14-S7-P86
http://doi.org/10.1016/j.vetmic.2015.07.011
http://doi.org/10.5604/12321966.1129922
http://www.ncbi.nlm.nih.gov/pubmed/25528909
http://doi.org/10.3390/pathogens11040468
http://doi.org/10.1016/j.nmni.2018.08.017
http://doi.org/10.1016/j.ttbdis.2011.11.003
http://www.ncbi.nlm.nih.gov/pubmed/22487426
http://doi.org/10.1292/jvms.12-0570
http://www.ncbi.nlm.nih.gov/pubmed/23558956
http://doi.org/10.1371/journal.pone.0054476
http://www.ncbi.nlm.nih.gov/pubmed/23349900
http://doi.org/10.1007/BF00145682
http://www.ncbi.nlm.nih.gov/pubmed/1884784
http://doi.org/10.4269/ajtmh.12-0169
http://www.ncbi.nlm.nih.gov/pubmed/23382156
http://doi.org/10.1111/j.1863-2378.2011.01421.x
http://www.ncbi.nlm.nih.gov/pubmed/21824373
http://doi.org/10.1111/1753-6405.12784

	Introduction 
	Materials and Methods 
	Study Design 
	Dogs and Cats Attending to Veterinary Medical Care Centres 
	Dogs and Cats from Municipal Kennels 
	Dogs and Cats Details 
	Antibody Testing 
	Molecular Testing 
	DNA Extraction from Ticks 
	DNA Extraction from Reproductive Tissue and Endometrial Swabs 
	Real-Time PCR 
	Statistical Analyses 

	Results 
	Antibody Testing 
	Molecular Testing 
	Ticks 
	Uterine Tissue and/or Endometrial Swabs 


	Discussion 
	Conclusions 
	References

