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A B S T R A C T

The aim of the research was to assess the prevalence of antibodies to Coxiella burnetii in dairy cattle herds in
Poland and to compare the results of real-time PCR and ELISA tests performed on bulk tank milk (BTM) samples.
In total, 2635 serum samples collected from 969 dairy cattle herds from all provinces were tested using ELISA.
Additionally, BTM specimens from 101 herds were analysed by ELISA and real-time PCR targeting IS1111
element. Presence of anti-C. burnetii antibodies was confirmed in 25.39% of serum samples in 237 herds
(24.46%) and the herd-level seroprevalence in Voivodeships varied from 2.5% to 61.4%. Moreover, 46 (45.5%)
of analysed bulk tank milk samples gave postive result in ELISA and microbial DNA was detected in 40 (39.6%)
of tested herds. The comparative analysis of ELISA and real-time PCR results obtained for BTM samples using the
chi-square test showed statistically significant relationship between results of both methods.

1. Introduction

Coxiella (C.) burnetii is an obligate intracellular γ-proteobacterium
and the etiological agent of zoonotic disease Q fever [1]. This pathogen
was first described in 1930s [2,3] and currently is distributed almost
worldwide, affecting a wide range of animal species [4]. Domestic ru-
minants (i.e. goats, sheep, cattle) are considered to be a major reservoir
of C. burnetii, moreover, the wildlife fauna and ticks may also be an
important sources of the pathogen. Taking into account that the clinical
signs of coxiellosis in animals are non-specific and infection may be
asymptomatic, especially in cattle, laboratory tests are crucial in Q
fever diagnosis. Noteworthy is the fact that asymptomatic individuals
and intermittent cattle shedders may remain negative in serological
tests and unnoticeably shed the pathogen into the environment for
several months or years [5,6]. The highest amounts of C. burnetii are
shed during abortion and parturition in birth products (placenta, birth
fluids), whereas lower levels are detected in milk, vaginal discharges,
feaces, urine and semen [7]. In humans and animals inhalation of
contaminated aerosols is the most common route of infection [8].
Sporadic cases of Q fever transmission by sexual contact, blood trans-
fusion and transplantation were also reported [9,10]. The phenomenon
of C. burnetti shedding in milk may pose a potential threat for public
health, not only for occupationally exposed people but also for raw milk
consumers [11,12].

Serological screenings of ruminant herds have been performed in
many countries to assess exposure to the pathogen and the zoonotic risk
[13–15]. The complement fixation test (CFT), indirect immuno-
fluorescence assay (IFA) or enzyme-linked immunosorbent assay
(ELISA) may be used, but the latter is thought to be the most robust and
has good specificity and high sensitivity [16–18]. Moreover, the testing
of BTM samples using ELISA allows a preliminary evaluation of the herd
status, ease of sampling and reduces costs. In Poland Q fever is a no-
tifiable disease, additionally serological monitoring survey of cattle and
small ruminants has been implemented since 2010. The previous study
showed that percentage of C. burnetii seropositive cattle herds in Poland
is significant [19].

The objectives of this research were to estimate the prevalence of
antibodies against C. burnetii in dairy cattle herds based on sera and
bulk tank milk samples (BTM) analysis and to compare the results of
real-time PCR and ELISA tests performed on BTM specimens.

2. Materials and methods

This study was a part of larger research project and was carried out
between January 2014 and December 2017. Samples were collected
specifically for this investigation from non-vaccinated dairy cattle by
authorized veterinarians following standard procedures and with
farmers’ consent. According to the Local Ethical Committee on Animal
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Testing at the University of Life Sciences in Lublin (Poland), formal
ethical approval is not required for this kind of study.

2.1. Blood sampling

The number of blood specimens and herds examined in different
Voivodeships of Poland is shown in Fig. 1. In total, 2635 blood samples
were collected from 969 dairy cattle herds by venipuncture of cranial
vena cava. Specimens were then stored at room temperature for
30–45min to allow clotting. Nextly they were centrifuged under
1000× g for 10min to obtain serum. If the serological test was per-
formed within 48 h, the temperature of the sample was maintained
between 4 °C and 8 °C, otherwise sera were stored at −20 ± 5 °C until
tested.

2.2. Bulk-tank milk sampling

Overall, 101 dairy cattle herds were randomly selected in separated
cross-sectional survey and BTM specimens collected from the herds
were tested for the presence of both anti-C. burnetii antibodies and
pathogen’s DNA. The BTM samples were collected in 14 out of 16
Voivodeships of Poland, excluding Lesser Poland and Silesia. If the
serological test and nucleic acid isolation were performed within 48 h,
the temperature of the BTM samples was maintained between 4 °C and
8 °C, otherwise specimens were frozen at −20 ± 5 °C until tested.

2.3. Serology

The Q-Fever (Coxiella burnetii) Antibody Test Kit (IDEXX,
Switzerland) detecting IgG antibodies against C. burnetii phase I and
phase II antigen was utilized to screen sera and BTM specimens.
Following the manufacturer’s instruction, the value %OD was calcu-
lated as (OD sample−ODneg)/(ODpos−ODneg) x 100 after aver-
aging the duplicate values. Sera were considered to be negative when %

OD < 30, dubious when %OD≥ 30 and %OD≤ 40, positive when %
OD > 40.

2.4. DNA extraction and real-time PCR

Nucleic acid extraction from milk samples was performed using
QIAamp DNA Mini Kit (Qiagen, Germany) according to the real-time
PCR kit manufacturer’s instructions. A qualitative real-time PCR test
was performed on bulk tank milk samples using commercial kit Adiavet
COX Real Time PCR (Bio-X Diagnostics, Belgium), targeting the IS1111
gene.

2.5. Statistical analyses

All statistical data analyses were conducted using STATISTICA
software, version 10.0 (StatSoft. Inc., USA). A comparative analysis of
the results of ELISA and real-time PCR tests obtained for bulk tank milk
samples was made using the chi-square test with a significance level set
to alpha< 0.05. Analysis was carried out with and without considering
doubtful ELISA’s results. Moreover, the percentages of seropositive
herds determined based on testing of sera and BTM samples were
comparatively analysed at Voivodeship level. The analysis included also
comparison of percentages of herds positive in real-time PCR with
percentages of herds in which presence of specific antibodies in sera
was confirmed.The analyses were conducted utilizing chi-square test
with Yates, Fisher or V-square corrections, depending on subgroup size.
Differences were considered significant at a p-value less than 0.05.

3. Results

The presence of anti-C. burnetii antibodies was confirmed in serum
samples obtained from 669 cows (25.39%) and seropositive animals
were identified in 237 of 969 tested cattle herds. Seroprevalence at
herd-level was calculated at 24.46%. Detailed data about the

Fig. 1. Number of cattle herds and sera samples tested by ELISA in the Voivodeships of Poland.
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prevalence of seropositive herds and animals in Polish Voivodeships are
summarized in Table 1. The percentages of seropositive herds in Voi-
vodeships varied from 2.5% in Lesser Poland to 61.4% in Lubusz Voi-
vodeship. The highest prevalence of C. burnetii seropositive cattle herds
was noted in Lubusz (61.4%), Pomerania (50.0%), Podlaskie (47.6%)
and Masovia (45.8%) Voivodeships. In contrast regions with the lowest
seroprevalence were Lesser Poland (2.5%), West Pomeranian (6.9%)
and Łódź (8.9%).

Serological test of bulk tank milk samples using ELISA revealed
higher percentage of positive cattle herds. Presence of specific anti-
bodies was confirmed in 46 of 101 BTM specimens (45.5%), while five
samples (4.85%) were recorded as doubtful. Moreover, positive results
of real-time PCR were obtained for 40/101 (39.60%) of BTM specimens
(Table 2). The 47.5% of these samples were negative in ELISA and real-
time PCR tests. In 34.65% (35/101) of samples both anti-C. burnetii
immunoglobulins and DNA of the pathogen were detected, while in
nearly 11% of specimens only the presence of antibodies was con-
firmed. In 2 of 101 (1.94%) samples, despite the positive result of real-
time PCR test, specific immunoglobulins were not present. Moreover, a
doubtful result of the ELISA test was obtained for 5 BTM specimens, in
three of which C. burnetii DNA was detected. Summary of the results of
bulk tank milk samples testing by ELISA and real-time PCR shows
Table 3.

Comparative analysis of ELISA and real-time PCR results obtained
for bulk tank milk samples was conducted using the chi-square test. It
showed statistically significant relationship between results of both
methods (p-value<0,0001) with and without considering doubtful
ELISA’s results. Without taking into account samples doubtful in the
ELISA test, the 87% of serological and molecular tests results were
congruent. The calculated odds ratio (OR=79.55) indicates that the
chance of receiving a negative ELISA test result, when the real-time PCR
test gave a negative result, is almost 80 times greater than receiving a
negative ELISA result for samples positive in real-time PCR test.

Table 4 presents the results of comparative analyses of the percen-
tages of cattle herds positive in ELISA (serum samples) and real-time
PCR (BTM) also percentages of seropositive herds determined based on
testing of sera and BTM at Voivodeship level. It should be noted that
sample size in some of provinces e.g Opole, West Pomeranian was quite
small. Differences (P < 0.05) between results of ELISA test of sera and
real-time PCR test of BTM were observed in three Voivodeships (Opole,
Warmian-Masurian, West Pomeranian). Comparison of the results of
ELISA test of BTM and serum specimens revealed differences in

Table 1
Summary of the prevalence of cattle herds and animals demonstrating anti-
bodies to C. burnetii in blood in particular voivodeships of Poland.

Voivodeship No. of
tested
herds

No.of
seropositive
herds (%)

No. of
tested
animals

No. of
seropositive
animals (%)

Lower Silesian 20 4 (20.0) 36 8 (22.2)
Kuyavian-

Pomeranian
60 23 (38.3) 158 40 (25.3)

Lublin 66 20 (30.3) 273 47 (17.2)
Lubusz 44 27 (61.4) 131 78 (59.5)
Łódź 124 11 (8.9) 142 12 (8.5)
Lesser Poland 40 1 (2.5) 51 1 (2.0)
Masovian 48 22 (45.8) 199 51 (25.6)
Opole 40 5 (12.5) 87 13 (14.9)
Subcarpathian 209 34 (16.3) 213 34 (16)
Podlaskie 42 20 (47.6) 303 187 (61.7)
Pomeranian 16 8 (50.0) 96 13 (13.5)
Silesian 31 11 (35.5) 151 24 (15.9)
Świętokrzyskie 20 7 (35.0) 140 20 (14.3)
Warmian-Masurian 30 9 (30.0) 233 76 (32.6)
Greater Poland 121 31 (25.6) 270 60 (22.2)
West Pomeranian 58 4 (6.9) 152 5 (3.3)
total 969 237 (24.46) 2635 669 (25.39)

Table 2
Detailed results of ELISA and real-time PCR tests performed on bulk tank milk
samples collected from 101 dairy cattle herds.

Voivodeship Herd ID Real-time
PCR result

Ct value ELISA result S/P value

Lower Silesian A1 positive 35.51 positive 49.952
A2 negative – negative 0.355

Kuyavian-
Pomeranian

B1 positive 30.97 positive 192.192
B4 negative – negative −0.824
B7 positive 30.88 positive 91.74
B10 positive 32.13 positive 148.99
B11 positive 31.28 positive 195.73
B14 positive 33.74 positive 52.983
B15 positive 29.3 positive 120.191
B24 negative – positive 50.724
B27 negative – negative 3.424
B29 positive 35.81 positive 108.613
B31 negative – negative 22.344
B32 negative – negative 2.729
B33 positive 35.98 doubtful 34.221
B34 negative – negative 0.447
B35 negative – positive 55.916
B36 positive 27.16 doubtful 39.991
B37 negative – negative 0.447
B38 negative – negative 28.316

Lublin C1 positive 35.17 positive 50.573
C10 negative – negative 3.08
C11 negative – negative 2.149
C16 positive 31.33 positive 117.243
C20 negative – positive 138.758
C21 positive 32.26 positive 139.252
C34 negative – positive 66.199
C35 negative – negative −1.271
C36 negative – negative −0.033
C39 negative – negative 0.573
C40 negative – negative 6.668
C43 negative – negative 8.169
C45 negative – negative −1.518
C46 negative – negative −0.882
C47 negative – negative −0.671
C48 negative – negative −0.953
C51 negative – negative 3.848
C52 negative – negative −2.294
C53 negative – negative 0.85
C54 negative – negative 0.85
C55 positive 28.89 positive 112.141
C56 negative – negative −1.234

Lubusz D3 positive 27.73 positive 76.245
Łódź E1 negative – negative 13.914

E2 negative – negative 12.093
E3 negative – negative −0.424
E7 negative – negative −0.287
E8 negative – negative 1.862
E9 negative – negative 4.37
E11 negative – doubtful 31.889
E12 positive 29.82 positive 96.794
E13 negative – negative −1.453

Lesser Poland G1 positive 33.71 positive 69.72
G2 negative – negative −0.033
G3 negative – positive 56.877
G4 negative – doubtful 34.185
G5 negative – negative 4.226
G6 negative – negative 1.433
G7 negative – negative 3.94
G12 positive 33.71 positive 71.26
G13 positive 31.51 positive 160.458
G19 negative – negative 27.983
G20 negative – negative 3.868
G25 negative – positive 83.095
G26 negative – negative −0.573
G53 negative – negative −2.577
G56 negative – positive 64.549

(continued on next page)
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Warmian-Masurian, West Pomeranian, and Lesser Poland.

4. Discussion

C. burnetii infections are noted in many animal species all over the
world. In recent years number of reports about shedding of the pa-
thogen in domestic ruminants, including dairy cattle, have been in-
creased. Infected livestock may experience reproductive disorders in-
cluding late abortion, stillbirth, premature delivery and delivery of
weak offspring, reduction of conception rate or metritis [20], which can
cause significant economic losses. Moreover, financial losses may also
occur due to shedding of C. burnetii in milk. According to current leg-
islation, raw milk from animals with clinical symptoms of an infectious
diseases communicable to humans through milk, should be regarded as
not meeting the requirements of point 1a Chapter I of Section IX of
Annex III to Regulation (EC) No 853/2004. As a consequence it is
considered as unsuitable for production of foodstuffs for humans. The
phenomenon of C. burnetii shedding in milk is common in many
countries [21], therefore monitoring survey of dairy cattle herds based
on BTM testing is crucial. Despite the availability of PCR tests, ser-
ological assays are consider to be suitable to assess the status of herds at
relatively low cost [22].

This research was performed to evaluate the epidemiological

Table 2 (continued)

Voivodeship Herd ID Real-time
PCR result

Ct value ELISA result S/P value

Opole H1 positive 35.72 negative 8.238
H7 positive 28.33 positive 190.544
H8 positive 34.34 positive 94.977

Subcarpathian I17 negative – positive 144.546
Podlaskie J1 positive 35.43 positive 41.34

J2 positive 32.11 positive 173.232
J3 positive 31.74 positive 71.903
J5 negative – positive 43.025
J6 positive 34.67 positive 242.908
J15 positive 26.96 positive 95.989
J16 negative – positive 143.417
J21 negative – negative 0.358
J22 positive 31.07 positive 139.542
J26 negative – negative 3.424
J28 positive 32.29 doubtful 38.47

Pomeranian K9 negative – negative −2.083
K10 negative – negative −1.235
K12 negative – negative 4.115
K14 negative – positive 50.951

Świętokrzyskie L3 negative – negative −3.301
L4 positive 35.3 positive 72,108
L5 positive 33.17 positive 94.178

Warmian-
Masurian

M2 negative – negative 1.521
M4 positive 31.57 positive 227.937
M11 positive 30.52 positive 56.877
M12 positive 30.38 positive 144.546
M16 positive 31.74 positive 71.903
M17 positive 30.38 positive 144.546

Greater Poland N10 positive 33 positive 94.127
N11 negative – negative 4.831
N12 negative – negative 1.518

West Pomeranian O1 positive 28.77 positive 186.891
O2 positive 32.92 positive 91.167
O3 positive 35.85 negative 27.913

Hyphen means that Ct value could not be detemined due to the absence of
amplification curve.

Table 3
Summary of the results of bulk tank milk samples testing by ELISA and real-time PCR methods.

Voivodeship No. of
tested
herds

No. of ELISA
positive and qPCR
positive herds

No. of ELISA positive
and qPCR negative
herds

No. of doubtful
ELISA and qPCR
positive herds

No. of doubtful
ELISA and qPCR
negative herds

No. of negative
ELISA and positive
qPCR herds

No. of negative ELISA
and negative qPCR
herds

Lower Silesian 2 1 – – – – 1
Kuyavian-Pomeranian 18 7 2 2 – – 7
Lublin 22 4 2 – – – 16
Lubusz 1 1 – – – – –
Łódź 9 1 – – 1 – 7
Lesser Poland 15 3 3 – 1 – 8
Opole 3 2 – – – 1 –
Subcarpathian 1 – 1 – – – –
Podlaskie 11 6 2 1 – – 2
Pomeranian 4 – 1 – – – 3
Świętokrzyskie 3 2 – – – – 1
Warmian-Masurian 6 5 – – – – 1
Greater Poland 3 1 – – – – 2
West Pomeranian 3 2 – – – 1 –
total 101 35 11 3 2 2 48

Hyphen means zero herds.

Table 4
P-values calculated using chi-square test with with Yates, Fisher or V-square
corrections, depending on subgroup size.

Voivodeship p-value*

serum ELISA vs. BTM
qPCR

serum ELISA vs. BTM
ELISA

Lower Silesian 0.411 0.411
Kuyavian-Pomeranian 0.381 0.20
Lublin 0.272 0.789
Lubusz 0.799 0.799
Łódź 0.707 0.773
Lesser Poland 0.10 0.001
Opole 0.003 0.101
Subcarpathian 0.358 0.37
Podlaskie 0.349 0.135
Pomeranian 0.117 0.591
Świętokrzyskie 0.538 0.538
Warmian-Masurian 0.024 0.024
Greater Poland 0.714 0.714
West Pomeranian 0.0001 0.017

* Significance at P < 0.05.
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situation of C. burnetii in dairy cattle in Poland via testing of sera and
BTM samples by both ELISA and PCR techniques. Collected sera were
analysed by ELISA test and average percentage of seropositive herds
was estimated at 24.46%. This percentage falls within the range noted
in other countries and is similar to 19.6% reported in Bosnia and
Herzegovina [23], but is lower than reported in China (84%) [24] or in
Northern Ireland (484%) [25]. It is also lower than 40.41% ser-
oprevalence level determined in Poland in the previous study [19].
Samples were then tested using complement fixation test (CFT) de-
tecting both IgG and IgM class antibodies, while ELISA identifies only
IgG. The difference may also results from preventive activities and
surveillance performed in the meantime by Veterinary Inspection. In
this research high prevalence of seropositive herds was noted in Ma-
sovian and Podlaskie Voivodeships, which are the regions with high
number and population density of dairy cows (Fig. 2) according to re-
port of Statistics Poland [26]. The latter factor may facilitate trans-
mission of infection between herds.

The herd-level prevalence of specific antibodies was additionally
calculated based on BTM analysis. It was higher than obtained for sera
samples and stood at 45.5%, while presence of C. burnetii DNA was
confirmed in 39.6% of these specimens. Estimated percentage of BTM
seropositive herds was higher than those reported in Sweden and
Northern Ireland, which amounted to 8.2% and 21.5%, respectively
[27,28]. It was comparable to 37.8% received by Anastácio et al. [29],
who examined BTM samples collected from cattle in central Portugal. A

much higher percentage of seropositive herds was recorded in Denmark
(79.2%) or in the Netherlands (81.6%) [30,31]. When screening tests
are performed on BTM specimens, particular attention needs to be paid
to dry animals, which are excluded from BTM tests and may later shed
huge amount of bacteria during parturition and the postpartum period.
Therefore, if epidemiological data and anamnesis indicates that C.
burnetii infection may be present within a herd, additional laboratory
tests of samples from dried animals should be carried out.

Large percentage of BTM samples postive in ELISA and real-time
PCR results from high affinity of C. burnetii for mammary gland, where
bacteria can persist for long time. As a consequence the pathogen sti-
mulates an immune response and is commonly shed in milk.
Unexpectedly, difference between seroprevalence on herd-level esti-
mated by testing of serum and BTM was quite high. Bulk tank milk
samples derived from all lactating cows in the herd, while sera samples
were collected from represantative, but not total, number of animals in
herd. It could be one of the reasons of the deviation, although this issue
requires further analyses. Higher prevalence of bacterial DNA in BTM
samples than seroprevalence in sera at herd level might also result from
aforementioned cause. In addition, it is generally known that some of C.
burnetii shedders remain seronegative, especially if they shed pathogen
intermittently or sporadically [6,32].

The popularity of healthy, ecological lifestyle has been increasing in
Poland over recent years. As a consequence, more consumers prefer to
purchase minimally-processed food, including raw milk and artisanal

Fig. 2. Cattle density and prevalence of C. burnetii antibodies in serum samples at Voivodeship level.

M. Szymańska-Czerwińska, et al. Comparative Immunology, Microbiology and Infectious Diseases 67 (2019) 101377

5



products made from unpasteurized milk. Moreover, numerous people
spend holidays on agrotourism farms, where they can interact with
animals and consume their products. The alimentary route of C. burnetii
transmission remains controversial, but direct contact with infected
animals or inhalation of contaminated aerosols pose a high risk of in-
fection.

The statistical analysis revealed 87% concordance of the results of
ELISA and real-time PCR obtained for BTM specimens that confirmed
the usefulness of serological test of BTM for screening purposes.
Comparative analyses of results of ELISA test of sera and PCRs of BTM
as well as ELISA for milk and for serum showed that differences were
statistically significant only for some of the comparisons.

5. Conclusion

This study was carried out to provide an insight into current epi-
demiological situation of C. burnetii in Polish dairy cattle. Analyses of
BTM and serum samples revealed that the presence of specific im-
munoglobulins in tested dairy cattle herds is common and correlated
with shedding of C. burnetii and recorded in different regions of the
country. These findings underscore the importance of surveillance,
application of adequate biosecurity measures and increasing the
awareness of Q fever, especially among high-risk groups in Poland.
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