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Summary. The aim of the study was to assess the prevalence of Coxiella burnetii in small ruminants and cattle 
herds in different regions of Poland. Complement fixation test was performed on 1,200 serum samples collected 
from 449 cattle herds from 158 counties. Moreover, 1,287 samples of biological material from 180 cattle herds and 
79 small ruminants herds were tested using real-time PCR. Molecular analysis by revealed that 320 from 1,287 tested 
samples (24.87%) were positive. The average rate of seropositive herds was 43.66%.
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Introduction. Q fever is a zoonosis caused by 
Coxiella burnetii. The etiological agent is a gram-
negative, intracellular bacterium with a complex life-
cycle. Sequencing of 16S rRNA has shown that the 
Coxiella genus belongs to the gamma subdivision of 
Proteobacteria, order Legionellales (Drancourt and 
Raoult, 2005). The pathogen can infect a wide range of 
mammals and non-mammalian species, including birds 
and arthropods (Babudieri and Moscovici, 1952).

In ruminants, which are considered as a main source 
of infection in humans, the bacteria caused non-specific 
reproductive disorders such as subfertility, abortion, 
stillbirth, delivery of weak offspring. Although, some 
infected animals remain asymptomatic and they 
constitute potential bacterial reservoirs capable of 
transmitting the disease. Ruminants shed a huge amount 
of the pathogen in birth products and a smaller number 
of bacteria in milk, urine, faeces, and semen.

Coxiella burnetii is transmitted to humans mainly 
by inhalation of contaminated dust or by direct contact 
with infected animals or contaminated wool, bedding, 
manure and birth products (ECDC, 2010). Therefore, 
cases of Q fever are usually notified among people 
occupationally exposed to the pathogen but the number 
of infected persons living in urban areas has been 
observed. A possibility of infection by alimentary route 
remains contradictory, but cannot be excluded (Masala 
et al., 2004; Angelakis and Raoult 2010, Signs et al., 2012).

The studies conducted by research from Central 
Europe have demonstrated that the prevalence of Coxiella 
burnetii infection in ruminants has been increasing in 
recent years (Astobiza et al., 2012, Czaplicki et al., 2009, 
Ryan et al., 2011). Detailed data about Q fever prevalence 
in Polish ruminants are limited and are mainly related 
to the endemic region in South-Eastern Poland (Recent 
monitoring studies showed a lot of seropositive results 
in milk cattle herd in Poland). Therefore, the aim of this 

study was to assess the prevalence of Coxiella burnetii 
in variety biological samples obtained from cattle and 
small ruminants herds from different regions of Poland.

Control of Q fever in Poland. In accordance with 
the regulation of Minister of Agriculture and Rural 
Development, Q fever is a notifiable disease in Poland. 
Moreover, since 2010, it has been included in the 
serological monitoring program performed by the 
Veterinary Inspection. Its results indicate that Coxiella 
burnetii has been consistently presented in a population 
of ruminants in Poland. At the beginning of this year, 
Veterinary Chief Officer has published the guidelines 
for veterinarians, which contains a surveillance and 
workflow schemes. 

In the case of suspicion of the Q fever outbreak on 
the basis of clinical symptoms, it is recommended to 
perform serological tests. Samples should be collected 
from animals with clinical symptoms and from 
randomly selected. The age structure of the herd must 
be also taken into account and it is advisable to take 
samples from animals in each age category. When the 
result of a serological test performed by an official 
laboratory is doubtful or positive, information about 
the test result must be submitted to the appropriate 
District Veterinary Officer and the sample must be 
sent to National Reference Laboratory (NRL) for 
confirmation. If the sample, which was originally 
taken cannot be delivered to the NRL, the appropriate 
District Veterinary Officer should collect material 
from suspected animal. Along with the samples, 
information about the localization of the herd, its ID 
number, a number of ear tag and contact information 
to the District Veterinarian Officer should be given to 
NRL. If the serologic test performed in NRL is negative, 
withdraw from further proceedings. If, despite the 
negative serological test result, Q fever infection is still 
suspected, it is advisable to continue the diagnostic 
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procedure, as in the case of a positive result in a 
serological test.

In the case of positive result of a confirmatory 
serological test, it is recommended to collect the material 
from a seropositive animal for molecular testing using 
real-time PCR (qPCR). Depending on the availability 
it could be: bulk tank milk or individual milk sample 
and swab of the genital tract (if possible, collected in the 
perinatal period — up to 8 days after birth), placenta 
(fragment comprising of minimum three cotyledons) 
or sections from the internal organs of aborted fetuses 
(spleen, lungs, heart, liver). It is crucial to take a section 
from all of the mentioned organs because a lack of Coxiella 
burnetii in one of them does not exclude the presence of 
the bacteria in other tissues. If abortions occur in the 
herd, placenta, vaginal swabs and/or sections from the 
internal organs of aborted fetuses are the most suitable 
samples for molecular analysis.

A positive result in the qPCR test is the ultimate 
result confirming an outbreak of Q fever in the herd. 
The District Veterinary Officer is obliged to inform the 
Province Veterinary Officer and Sanitary Inspection 
about the outbreak. In this case, District Veterinary 
Officer should recommend the owner to isolate and 
treat/vaccinate or eliminate positive individuals. After 
isolation/culling of animals in the dairy cattle herds, it is 
recommended to test BTM and/or vaginal swabs using 
real-time PCR technique. If the herd was subjected to 
the treatment and/or vaccination, in order to evaluate 
the effectiveness of therapy, molecular tests should be 
performed but not earlier than 14 days after ending of 
therapy or vaccination. Type of material to study should 
be depended on its availability: bulk tank milk (from 
dried animals vaginal swabs in perinatal period should 
be collected), individual milk samples and/or vaginal 
swabs, placenta. According to the Manual of Diagnostic 
Tests and Vaccines for Terrestrial Animals 2015 published 
by OIE, if the abortions were noted in the herd, the real-
time PCR tests (BTM and/or vaginal swabs — allowed 
the pooling of 9 swabs) should be performed every two 
months for a year. 

If there is no possibility to test milk samples (beef 
cattle), a further diagnosis should be performed in the 
case of abortion. Then, to exclude Coxiella burnetii 
infection, placenta, and internal organs from an aborted 
fetus or vaginal swabs collected up to 8 days after birth 
should be tested by real-time PCR. If the bulk tank milk 
sample is positive in real-time PCR, it is recommended 
to test individual milk samples in order to separate the 
shedders. Non-shedding animals should be vaccinated. 
Infected cows should be treated and/or vaccinated or 
culled. Real-time PCR tests on BTM samples should be 
performed every two months for one year after treatment 
or vaccination. 

Herd, which obtained positive serological test results 
in cases other than surveillance of animals’ infections, 
could be typed for screening by District Veterinary 
Officer after analysis of an epizootic situation.

When the District Veterinary Officer receives 
information from the State Sanitary Inspector of the 
suspicion or diagnosis of Q fever in humans, then he 
undertakes actions ex officio to determine or exclude 
the disease.

Ethic statement. The samples were collected from 
animals by authorized veterinarians during clinical 
studies following standard procedures. The samples were 
collected specifically for this study with the agreement of 
the farmers. According to the Local Ethical Committee 
on animal Testing at University of Life Sciences in Lublin 
(Poland) from ethical approval is not required for this 
kind of study. We were using guidelines published by this 
ethic committee (Resolution No. 22/2006, November 7, 
2006), which confirm that this work is acceptable without 
specific ethical approval. 

materials and methods. The serum samples were 
tested during the first part of the 3rd edition Multiannual 
Research Programme, the study was performed at the 
turn of 2014 and 2015 on 1,200 serum samples collected 
from 449 cattle herds from 158 counties. Most tested 
animals were milk cattle. Materials for diagnostic 
assay were collected from non-vaccinated animals. The 
complement fixation test using Siemens Healthcare 
Diagnostic Products (Germany), detecting both phase I 
and II antibodies, was done in agreement with the 
Manual of Diagnostic Tests and Vaccines according 
to the manufacturer’s instructions. The temperature 
of inactivation of sera was 57±1 °C and 62±1 °C, 
respectively for cattle and small ruminants.

Moreover, a total of 1,287 samples of biological 
material from 79 small ruminants and 180 cattle herds 
were obtained for molecular analysis by real-time PCR. 
The material was sent to National Reference Laboratory 
for the confirmatory, research and service tests. 385 milk, 
335 vaginal swabs, 539 blood, 2 tissues, 5 semen and 
21 placenta samples were tested. DNA isolation was 
performed with commercially available DNA Mini 
Kit (Qiagen). The qualitative real-time PCR assay, 
detecting the IS1111 element, was performed on blood 
and semen samples and for the other types of samples 
Adiavet COX RealTime PCR (Adiagene, Biomerieux 
Company) kit was used. PCR was performed according 
to the manufacturer’s instructions. Only the samples 
presenting a typical amplification curve with a thresh 
hold value (Ct) values below 36 were considered 
positive.

Results and discussion. In Poland both human and 
animal cases of Q fever are notifiable. Cases of Q fever 
in animals are confirmed by the National Reference 
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Laboratories for Q fever. The information on animal 
cases or outbreaks is sent by the regional state veterinary 
officer to the National Sanitary Inspectorate. Elimination 
of the source of infection is achieved through established 
cooperation between veterinary and health services. 
Moreover, there is a monitoring program for Q fever 
in Poland for cattle and small ruminants. Outbreaks of 
Q fever in both humans and animals have been noted 
in Poland since 1956 (Lutyński et al., 1956). The largest 
epidemic of Q fever among humans and animals was 
recognized near Zamość (in the Lublin voivodeship in 
eastern Poland) in 1983 (Cygan et al., 1983, Mikołajczyk 
et al., 1986). More than 1,300 people fell ill in this 
epidemic centered around the area of Hrubieszów and 
Tomaszów Lubelski. Until 2007 when the large Q fever 
epidemic in the Netherlands broke out it had been 
considered the biggest Q fever epidemic in humans in 
the world. According to literature data from this time, 
anti-C. burnetii antibodies were found in cattle from this 
area (Cisak et al., 2003, Galińska et al., 2011, Niemczuk 
et al., 2011). Moreover, the serological studies performed 
by Cisak et al. (2003) among the farmers living in villages 
located in Lublin voivodeship showed the presence of 
specific antibodies to C. burnetii in 17.8% of 90 tested 
subjects for comparison in our studies the percentage of 
seroprevalence in tested farming population was higher 
in IFA (31.12%) and ELISA 39.07%. 

The results of serological tests show a high percentage 
of seropositive cattle herds in Poland: a total of 524 serum 
samples were positive and the average rate of seropositive 
herds was 43.66%. Generally, the level of seroprevalence 
in Poland is similar to other European countries. The 
highest seroprevalence was noted in Mazowieckie and 
Lubelskie provinces. The lowest seropositive herds, 
below 20%, were in Warmińsko-Mazurskie and Łódzkie 
provinces.

Molecular analysis by real-time PCR revealed that 
320 from 1,287 tested samples (24.87%) were positive. 
The percentage of positive cattle herds was 24.44%, 
for flocks of sheep it stood at 2.86% and for goat herds 
22.22%. Goats seem to be more sensitive to acquire the 
pathogen because in many types of research prevalence 
in this species are higher than in sheep (Van den Brom 
et al., 2015). In this survey, a high percentage of positive 
goat herds cannot be representative of the whole goat 
population due to a small number of tested samples. 
The percentage of herds excreting Coxiella. burnetii in 
milk was 33.77% whereas presence in blood was noted 
only in 11.61% of cattle herds. Coxiella burnetii DNA in 
vaginal swabs was detected in 3 out of 15 tested herds. 
Molecular analysis showed a lower percentage of positive 
herds than serological test but it could be caused by high 
amount of blood samples, where bacteria are detectable 
in a short period during the infection. 

Diagnosis of Q fever in animals is difficult because 
both the ELISA and the CFT test have some limitations. 
First antibodies appear about 14–21 days after infection 
and serological test performed in this period can give 
negative results. The literature data indicate that ELISA 
test loses positive results when the serum samples 
contained antibodies specific for phase II, and particularly 
when sera had low titer 1:10 (+ and ++) (Emery et al., 
2012, Szymańska-Czerwińska et al., in press). It is due 
to a fact that ELISA is able to detect the IgG antibodies 
while CFT detects both IgG and IgM antibodies. On the 
other hand, some researches show that CFT has lower 
sensitivity compared with ELISA. Moreover, animals 
which shed Coxiella burnetii intermittently may remain 
seronegative but serological tests could be a reliable tool 
to identify heavy shedder, which are usually persistently 
highly-seropositive. 

Real-time PCR is thought to be a fast and sensitive 
tool for detection of Coxiella burnetii shedders. Guatteo 
et al. (2006) observed that cattle shed the bacteria mainly 
by one route, but some animals excreted pathogen 
simultaneously in milk, faeces, and vaginal discharge. 
The data about predominant shedding route remain 
ambiguous, although it is thought that ewes shed more 
and longer in vaginal mucus than goats. The latter and 
cattle excrete bacteria more frequent in milk. (Arricau-
Bouvery and Rodolakis 2005). What’s interesting, most 
of the exanimated cows in this survey shed a huge 
amount of bacteria without any clinical signs, what is in 
agreement with results obtained by scientists in Europe. 
(Rodolakis et al., 2007)

Since 2013, the vaccine contains inactivated Coxiella 
burnetti bacteria, has been available for cattle and goats 
in Poland. It can reduce shedding of bacteria in these 
animals via milk and vaginal mucus but a drop in milk 
production is common in goats after the administration 
of a vaccine. Furthermore, the manufacturer informs 
that the immunization reduces the level of shedding 
only in non-infected animals. This fact was confirmed 
by many surveys (Hogerwerf et al., 2011; Van den Brom 
et al., 2013, Guatteo et al., 2008). Vaccinated ruminants 
cannot be distinguished from seropositive individuals 
by serological examinations, necessitating molecular 
techniques to confirm the infection.

Conclusion. The results of the survey performed 
in Poland show that Coxiella burnetii is widespread in 
ruminants population, mainly in cattle. Due to very low 
infectious dose and zoonotic character of this pathogen, 
further surveillance is crucial. Data about genotypes 
variations of Coxiella burnetii are limited in Poland, so 
the detailed genetic characterization of field strains will 
be valuable knowledge for epidemiological investigation 
in Q fever outbreaks.



Journal for Veterinary Medicine, Biotechnology and Biosafety                                              Volume 2, Issue 1, 2016

35ISSN 2411-0388

References

Angelakis, E. and Raoult, D. (2010) ‘Q fever’, Veterinary 
Microbiology, 140(3–4), pp. 297–309. doi: 10.1016/j.
vetmic.2009.07.016.

Arricau-Bouvery, N. and Rodolakis, A. (2005) ‘Is Q fever 
an emerging or re-emerging zoonosis?’, Veterinary Research, 
36(3), pp. 327–349. doi: 10.1051/vetres:2005010.

Astobiza, I., Ruiz-Fons, F., Piñero, A., Barandika, J. F., 
Hurtado, A. and García-Pérez, A. L. (2012) ‘Estimation 
of Coxiella burnetii prevalence in dairy cattle in intensive 
systems by serological and molecular analyses of bulk-tank 
milk samples’, Journal of Dairy Science, 95(4), pp. 1632–1638. 
doi: 10.3168/jds.2011-4721.

Babudieri, B. and Moscovici, C. (1952) ‘Experimental 
and natural infection of birds by Coxiella burnetii’, Nature, 
169(4292), pp. 195–196. doi: 10.1038/169195a0.

Cisak, E., Chmielewska-Badora, J., Mackiewicz, B. and 
Dutkiewicz, J. (2003) ‘Prevalence of antibodies to Coxiella 
burnetii among farming population in eastern Poland’, Annals 
of Agricultural and Environmental Medicine, 10(2), pp. 265–
267. Available at: http://www.aaem.pl/pdf/10265.pdf.

Cygan, Z., Buczek, J., Modzelewska, A. and Guzik, Z. (1983) 
‘Q-fever diagnosed in dairy cows on the basis of serological 
tests [Ognisko gorączki Q rozpoznane serologicznie w stadzie 
krów mlecznych]’, Medycyna Weterynaryjna, 39(9), pp. 536–
538. Available at: http://medycynawet.edu.pl/images/stories/
pdf/digital/1983/198309536539.pdf. [in Polish].

Czaplicki, G., Houtain, J.-Y., Mullender, C., Manteca, C. 
and Saegerman, C. (2009) ‘Bulk tank milk, reliable tool for 
diagnosing Q fever in dairy herds? [Le lait de tank, outil fiable 
pour le diagnostic de la fievre Q dans un troupeau bovin 
laitier?]’, Épidémiologie et Santé Animale, 56, pp. 117–127. 
Available at: http://aeema.vet-alfort.fr/images/2009-56/56.12.
pdf. [in French].

Drancourt, M. and Raoult, D. (2005) ‘Genus I. Coxiella’, 
in Garrity, G. M., Brenner, D. J., Krieg, N. R. and Staley, J. T. 
(eds.) Bergey’s Manual of Systematic Bacteriology, Vol. 2: 
The Proteobacteria, Part B: The Gammaproteobacteria. 
East Lansing, MI, USA: Springer-Verlag, pp. 237–241. 
doi: 10.1007/0-387-28022-7.

ECDC (European Centre for Disease Prevention and 
Control) (2010) Risk assessment on Q fever: technical report. 
Stockholm: ECDC. doi: 10.2900/28860.

Emery, M. P., Ostlund, E. N. and Schmitt, B. J. (2012) 
‘Comparison of Q fever serology methods in cattle, goats, and 
sheep’, Journal of Veterinary Diagnostic Investigation, 24(2), 
pp. 379–382. doi: 10.1177/1040638711434943.

Guatteo, R., Beaudeau, F., Berri, M., Rodolakis, A., Joly, A. 
and Seegers, H. (2006) ‘Shedding routes of Coxiella burnetii in 
dairy cows: Implications for detection and control’, Veterinary 
Research, 37(6), pp. 827–833. doi: 10.1051/vetres:2006038.

Guatteo, R., Seegers, H., Joly, A. and Beaudeau, F. (2008) 
‘Prevention of Coxiella burnetii shedding in infected dairy 
herds using a phase I C. burnetii inactivated vaccine’, Vaccine, 
26(34), pp. 4320–4328. doi: 10.1016/j.vaccine.2008.06.023.

Hogerwerf, L., van den Brom, R., Roest, H. I. J., Bouma, A., 
Vellema, P., Pieterse, M., Dercksen, D. and Nielen, M. (2011) 
‘Reduction of Coxiella burnetii prevalence by vaccination of 
goats and sheep, the Netherlands’, Emerging Infectious Diseases, 
17(3), pp. 379–386. doi: 10.3201/eid1703.101157.

Lutyński, R. (1956) ‘First focus of Q fever on the territory 
of Poland’, Przegląd Lekarski, 12, pp. 187–188.

Masala, G., Porcu, R., Sanna, G., Chessa, G., Cillara, G., 
Chisu, V. and Tola, S. (2004) ‘Occurrence, distribution, and 
role in abortion of Coxiella burnetii in sheep and goats in 
Sardinia, Italy’, Veterinary Microbiology, 99(3–4), pp. 301–305. 
doi: 10.1016/j.vetmic.2004.01.006.

Mikołajczyk, E. Z., Lewińska, R., Lojewska, R., Rumin, W. 
and Kruszewska, D. (1986) ‘Serologic reaction in humans 
during the outbreaks of Q fever’, Przegląd Epidemiologiczny, 
40(4), pp. 342–348.

Muskens, J., van Engelen, E., van Maanen, C., Bartels, C. 
and Lam, T. J. G. M. (2011) ‘Prevalence of Coxiella burnetii 
infection in Dutch dairy herds based on testing bulk tank milk 
and individual samples by PCR and ELISA’, Veterinary Record, 
168(3), pp. 79–79. doi: 10.1136/vr.c6106.

Rodolakis, A., Berri, M., Héchard, C., Caudron, C., 
Souriau, A., Bodier, C. C., Blanchard, B., Camuset, P., 
Devillechaise, P., Natorp, J. C., Vadet, J. P. and Arricau-
Bouvery, N. (2007) ‘Comparison of Coxiella burnetii shedding 
in milk of dairy bovine, caprine, and ovine herds’, Journal of 
Dairy Science, 90(12), pp. 5352–5360. doi: 10.3168/jds.2006-
815.

Ryan, E. D., Kirby, M., Collins, D. M., Sayers, R., 
Mee, J. F. and Clegg, T. (2010) ‘Prevalence of Coxiella 
burnetii (Q fever) antibodies in bovine serum and bulk-milk 
samples’, Epidemiology and Infection, 139(9), pp. 1413–1417. 
doi: 10.1017/s0950268810002530.

Signs, K. A., Stobierski, M. G. and Gandhi, T. N. (2012) 
‘Q fever cluster among raw milk drinkers in Michigan, 
2011’, Clinical Infectious Diseases, 55(10), pp. 1387–1389. 
doi: 10.1093/cid/cis690.

Szymańska-Czerwińska, M., Niemczuk, K. and Jodełko, A. 
(in press) ‘Evaluation of qPCR and phase I and II antibodies 
for detection of Coxiella burnetii infection in cattle’, Research 
in Veterinary Science.

Van den Brom, R., Schimmer, B., Schneeberger, P.M., 
Swart, W.A., van der Hoek, W. and Vellema, P. (2013) 
‘Seroepidemiological survey for Coxiella burnetii antibodies 
and associated risk factors in Dutch livestock veterinarians’, 
PLoS ONE, 8(1), p. e54021. doi: 10.1371/journal.
pone.0054021.

Van den Brom, R., van Engelen, E., Roest, H. I. J., 
van der Hoek, W. and Vellema, P. (2015) ‘Coxiella burnetii 
infections in sheep or goats: An opinionated review’, Veterinary 
Microbiology, 181(1–2), pp. 119–129. doi: 10.1016/j.
vetmic.2015.07.011.


