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Abstract

Coxiella burnetii is the etiological agent of Q fever, and outbreaks of Q fever have been reported in different
parts of Europe both in animals and humans. Human infections are mostly associated with infections in
ruminants, e.g., sheep, goats, and cows. Various professional groups are occupationally exposed to infection
with C. burnetii. The aim of this study was investigate the prevalence of C. burnetii in farm workers. Serum
samples were collected from 151 persons from six different regions of Poland. The serum samples were tested
using three serological methods—complement fixation test (CFT), enzyme-linked immunosorbent assay
(ELISA), and indirect fluorescent antibody (IFA). A total of 71 samples of blood were also tested by real-time
PCR. The results showed that antibodies against C. burnetii were present in the tested sera. Average percentages
of seropositive samples in IFA, ELISA, and CFT were 31.12%, 39.07%, and 15.23%, respectively. Positive
results were noted in each testing center. Of the three test types, IFA results were considered the most sensitive.
Real-time PCR confirmed the presence of DNA specific for C. burnetii in 10 patients. The farming workforce
constitutes an occupational risk group with an increased risk for C. burnetii infection, presumably because of

their contact with infected livestock.
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Introduction

OXIELLA BURNETII IS THE ETIOLOGICAL AGENT of Q

fever. This pathogen is zoonotic and occurs in ticks,
birds, and mammals. Human infections are mostly related to
infected ruminants, e.g., sheep, goats, and cows (Gilsdorf
et al. 2008). C. burnetii is extremely infectious and it may
survive environmental stresses for several weeks (Maurin
and Raoult 1999). Transmission of this pathogen is generally
associated with abortion in domestic ruminants, particularly
sheep. The infection may be acquired by the respiratory or
alimentary route or the bite of an arthropod (Maurin and
Raoult 1999). The infection of humans occurs most often
through direct contact with infected animals, e.g., in slaugh-
terhouses, tanneries, fur, meat, leather, and timber industries,
on agricultural farms, where veterinarians work in the field,
etc. Infection with C. burnetii has been reported both in hu-
mans and animals from many countries, including Poland
(Cisak et al. 2003, Niemczuk et al. 2011, Brom et al. 2013,
Georgiev et al. 2013, Szymanska-Czerwinska et al. 2013,
2014). The southeastern region of Poland is considered to be

an endemic area for the occurrence of C. burnetii (Cisak et al.
2003, Galinska et al. 2011).

Q fever diagnosis based on clinical symptoms or post-
mortem pictures is almost impossible because signs and
symptoms of the disease are nonspecific. It is in the clinical
symptoms in particular that nonspecificity poses a great
problem. Moreover, these symptoms very often do not occur at
all in infected animals or humans. The reliable diagnosis of Q
fever should be based on laboratory tests, including serological
and molecular assays. The most common diagnostic methods
are serological tests, e.g., indirect fluorescent antibody (IFA),
enzyme-linked immunosorbent assay (ELISA), and comple-
ment fixation test (CFT) (Maurin and Raoult 1999, Herremans
et. al 2013). IFA is considered the gold standard for detec-
tion of antibodies against C. burnetii in humans (Maurin and
Raoult 1999, Herremans et. al 2013). Molecular methods, e.g.,
PCR and real-time PCR, are used increasingly, and PCR is
particularly useful in the early stage of infection when anti-
bodies are not detectable (Schneeberger et. al 2010). The aim
of the studies reported here was investigation of the prevalence
of C. burnetii in humans exposed to animals in Poland.
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Department of Allergology and Environmental Hazards, Institute of Rural Health, Lublin, Poland.
3Medical University, Department of Epidemiology, Warsaw, Poland.
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Q FEVER IN HUMANS EXPOSED TO ANIMALS

Methods
Investigations in animals

The samples were collected from animals by autho-
rized veterinarians during clinical studies following standard
procedures. They were collected specifically for this study
with the agreement of the farmers. According to the Local
Ethical Committee on Animal Testing at the University of
Life Sciences in Lublin (Poland), formal ethical approval is
not required for this kind of study. We used guidelines pub-
lished by the National Ethics Committee for Animal Ex-
perimentation (Resolution No. 22/2006, November 7, 2006),
which confirm that this work is acceptable without specific
ethical approval.

The samples of sera from cattle and small ruminants were
taken from clinically affected farms and tested by using CFT,
a diagnostic technique recommended by the World Organi-
sation for Animal Health (OIE). Additionally, the placentas,
aborted fetuses or blood, and bulk tank milk were tested by
real-time PCR. The kind of tested biological material was
dependent on availability. Detailed information about num-
ber and species of tested animals are presented in Table 2,
below. Our studies were performed by the National Veter-
inary Reference Laboratories for Q fever.

Examined populations of humans

The samples from humans were taken during routine di-
agnostic tests following standard procedure and with their
agreement, and additional ethical approval was not required.

A total of 151 farm-employed persons occupationally ex-
posed to infection via animals were examined. The average
age of the tested subjects was 47.11 £ 8.41; 76 women and 75
men were tested. Detailed information about tested humans
(gender, age) is included in Table 1. The farm workers were
employed in the breeding of cattle and small ruminants and
had contact during routine service, e.g., milking, veterinary
service, or housekeeping tasks. The populations under in-
vestigation lived and worked in six different regions of
Poland, including the endemic southeastern regions, and
correspondingly comprised six groups (Fig. 1). Blood sam-
ples were taken by venipuncture, and sera were separated by
centrifugation. Whole blood for real-time PCR assays was
taken only from one farm’s workers (Chodziez), and it took
place twice, with the second sampling following after 3
weeks. Human whole blood samples from other farms were
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not available. The majority of tested men and women did not
have clinical signs of disease, except for people from Debno
and Tarnogrdd, in whom clinical signs of Q fever were partly
described by Galinska et al. (2011).

Serological tests

ELISA was used for the qualitative determination of im-
munoglobulin G (IgG) class antibodies against C. burnetii
phases 1 and 2 and IgM class antibodies against C. burnetii
phase 2. The kit selected was NovaLisa (NovaTec Im-
mundiagnostica GmbH, Germany), and was used according
to the manufacturer’s instructions. The presence of IgM class
antibodies in phase 1 (2-3 weeks after infection) and IgG
class in phase 2 (2 months after infection) confirmed the acute
phase of Q fever; by contrast, in chronic infection, IgG an-
tibodies are detected in phase 1. The cutoff is the mean ab-
sorbance value of the cutoff control determinations. Samples
are considered positive if the absorbance value is higher than
10% over cutoff and negative if the absorbance values is
lower than 10% below the cutoff. Interpretation of results was
based on the value of nephelometric turbidity units (NTU).
Sera were considered to be ELISA negative if NTU<9, du-
bious if 92NTU < 11, and positive if NTU > 11.

The IFA was performed by using the Q Fever IFA IgG Kit
(Focus Diagnostic, USA). Results were interpreted by the
class of antibodies present. If the reactivity of antibodies to
both phase I and II antigens (titer =16) was observed, it
strongly indicated C. burnetii infection. Phase I antibody ti-
ters greater than or equal to phase II antibody titers were
consistent with chronic infection or the convalescent phase of
Q fever. If the reactivity of antibodies to both phase I and II
antigens at a titer <16 was noted, the result was negative.
Titers of phase II antibodies greater than phase I character-
ized the acute form of Q fever. Reactivity to the phase II
antigen only (titers <256) argued against C. burnetii infec-
tion. An IgG phase I titer > 1:1024 was used as a cutoff value,
above which chronic Q fever is conceivable.

For CFT, Institut Virion/Serion GmbH (Germany) and
Institute of Biotechnology, Sera and Vaccines/Biomed S.A
(France) reagents were used. The initial dilution of the
sample was 1:5 and the final dilution was 1:80. Serum was
considered positive when a partial inhibition of hemoly-
sis (+ +) was observed in the dilution 1:10. Two differ-
ent antigens of C. burnetii specific for phase I and II were
used.

TABLE 2. RESULTS FOR ANIMALS TESTED

Species Number Number of Detection of C. burnetii

Place of of tested of tested seropositives by real-time PCR in
sampling animals animals animals biological material
Debno Cattle 213 74 Positive results (blood)
Tarnogréd Cattle 199 120 Positive results (placenta)
Krosno Cattle 60 19 Positive result (blood)
Gliwice Cattle 21 17 Positives results (placenta)
Chodziez Cattle and small 2104 249 Positive results (blood, BTM)

ruminants
Ciechanow Cattle 29 10 Positive results (placenta, BTM)

BTM, bulk tank milk.
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Real-time PCR

DNA extraction from blood was performed using the
QIAamp DNA Mini Kit (Qiagen, USA) following the
manufacturer’s instructions. A 1-pL aliquot of extracted
DNA was subjected to C. burnetii—specific real-time PCR
(IS1111), as described previously (Niemczuk et al. 2011).
The positive control was template DNA extracted from ref-
erence strain of C. burnetii (Nine Mile phase II). Samples
values falling below a cycle threshold (Ct) of 38 were con-
sidered positive.

Statistical analyses

Chi-squared and Fisher tests were used to compare results
obtained for the group of women and men and the between-
individual group divided based on localization. The Mann—
Whitney test was used to compare the results obtained
between age groups. The statistical tests were used at the
level of significance «=0.05

Results

The serological and molecular investigations performed in
ruminant herds showed that Q fever was present in the six
herds tested. The presence of both antibodies and DNA
specific for C. burnetii (IS1111) was detected in all herds
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Map of Poland showing the places of sampling and the serological results in humans.

tested. Detailed results are presented in Table 2. Antibodies
against C. burnetii were found among 151 persons occupa-
tionally exposed to animal-borne infection, with the per-
centage of positive samples differing depending on the
serological method. The results obtained by three different
serological methods (IFA, ELISA, and CFT) are presented in
Table 1. The average percentages of seropositive samples in
IFA, ELISA, and CFT were 31.12%, 39.07%, and 15.23%,
respectively. The most positive results were obtained for the
group from Debno. Differences in the percentage of sero-
positive samples were also observed between the examined
groups, but statistically significant (mainly for IFA results)
differences were noted between people from Degbno and other
groups (excluding Krosno) and between the Tarnogréd and
Chodziez groups. The result of statistical analysis (p values)
between individual groups are presented in Table 3.

It should be noted that CFT did not detect some positive
samples with antibodies to phase I antigen, whereas the IFA
and ELISA tests confirmed the presence of antibodies to
phase I antigen in 22.52% and 11.92%, respectively. The
ELISA results showed that 6.62% of tested individuals had
IgM class antibodies specific to the phase II antigen, whereas
the percentage of sera containing the IgG class of antibodies
for the phase II of of C. burnetii antigen was higher (15.89%).
Moreover, both classes of antibodies (IgG and IgM) were
detected by ELISA in 4.63% of tested samples.
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TABLE 3. RESULTS OF STATISTICAL ANALYSIS FOR INDIVIDUAL GROUPS
p value

Groups IFA IFA 11 IFA phase ELISA IgM  ELISA IgG  ELISA IgG  ELISA phase CFT

compared phase I phase 1l Torll phase I1 phase I1 phase [ Lorll phase I1

Debno vs. 0.0014* 0.00056*  0.00007* 1 0.23421 1 0.78809 0.67228
Tarnogrod

Debno vs. 0.36055 0.19594 0.17192 0.56618 0.14222 1 0.0711 1
Krosno

Debno vs. 0.05735 0.02715*  0.03646* 0.29631 0.27934 0.0515 1 1
Gliwice

Debno vs. 0.34512 0.00002 0.25041 0.47857 0.03149%* 0.7219 0.32943 0.22174
Chodziez

Debno vs. 0.03036* 0.10208 0.04251%* 1 0.22746 1 0.21025 0.07215
Ciechanow

Tarnogrod vs.  0.44171 0.44171 0.44171 0.56102 0.56102 1 0.14615 1
Krosno

Tarnogrod vs. 1 1 0.30031 0.29753 1 0.07547 0.72752 0.56019
Gliwice

Tarnogrod vs.  0.00511% 1 0.00037%* 0.32191 0.77498 1 0.48113 0.57665
Chodziez

Tarnogrod vs. 1 0.52973 0.52973 1 1 1 0.23231 0.15632
Ciechanow

Krosno vs. 1 1 1 0.51471 0.23739 0.10229 —
Gliwice

Krosno vs. 0.65707 0.44699 0.39216 1 0.58194 1 0.18085 0.58496
Chodziez

Krosno vs. 0.42857 1 1 1 1 — 1 0.20879
Ciechanow

Gliwice vs. 0.15881 1 0.18767 0.58561 1 0.0676 0.31279 0.19688
Chodziez

Gliwice vs. 1 1 1 0.42105 1 0.1032 0.17699 0.05779
Ciechanow

Chodziez vs. 0.05342 0.54122 0.13893 1 1 0.58645 0.43153 0.35907
Ciechanow

*The differences are statistically significant at the level «=0.05.

IFA, indirect fluorescent antibody; ELISA, enzyme-linked immunosorbent assy; CFT, complement fixation test.

The results of the first real-time PCR assay in human whole
blood samples from Chodziez showed the presence of spe-
cific sequences of C. burnetii DNA in 10 tested samples. Ct
values in PCR-positive blood varied from 29.1 to 33.4. C.
burnetii DNA was detected in four seropositive human
samples that had IgM antibodies to phase II antigen in ELI-
SA. In nine seropositive patients who had IgG antibodies
(phase IT) in ELISA, the presence of IS/1171 elements was not
confirmed. In one of three patients who had antibodies IgG
and IgM (phase II), C. burnetii DNA was present in blood.
However, the second examination of human samples after 3
weeks did not confirm these results and all tested samples
were negative. We did not detect C. burnetii DNA in sero-
positive samples from patients with serologically proven
chronic Q fever. Moreover, the positive results in real-time
PCR were obtained in five seronegative humans.

The clinical signs of Q fever were noted only in patients
from Debno and Tarnogréd. One person from Debno
had signs typical for chronic form of diseases. In two-
dimensional echocardiography, lesions in the heart valves
were observed. The second person had fever with high titers
of antibodies in IFA (dynamics of antibodies titer during
convalescence in range from 1:1024 to 1:256 in IFA). Other
seropositive patients from Debno had flu-like symptoms. Flu

like-symptoms were noted in seropositve persons from Tar-
nogrdéd. No significant differences were observed between
genders (women and men). When age groups were compared,
only one significant difference was noted for ELISA results
(IgG phase II). The differences in the percentage of positive
samples between ages 45 and 48 with ELISA were signifi-
cantly higher (48 vs. 45, p=0.04) for negative patients than
for positive patients.

Discussion

The serological assays were performed by using three
different techniques. The IFA results showed that the per-
centage of samples with the presence of antibodies to phase I
antigen of C. burnetii was higher than for the phase II of the
antigen. Similar results were described previously in forest-
ers tested during the same research project (Szymanska-
Czerwinska et al. 2013). The contradictory results were
obtained when ELISA was used and then the antibodies to
phase II of the antigen were dominant. The ELISA test dis-
criminated between two classes of antibodies (IgG and IgM)
to phase II antigen. IgM phase II is the first antibody to be
detected in blood, followed by IgG phase II. It should be
noted that IgM phase II and IgG phase II can persist for a year
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and longer. Moreover, the decline of IgG phase II antibody
titers is slower than that of IgG phase I titers, and IgG phase II
antibodies are detected more often with IFA after a year
(Wegdam-Blans et al. 2012b).

Definitive serological evidence of acute Q fever has to be
based on the detection of both IgG and IgM antibodies. Our
ELISA results showed that IgM and IgG phase II antibodies
were present in the tested sera. The presence of the IgM phase
II type indicated an early infection, but the percentage of sera
positive for IgM antibodies was lower (6.62%) than the
percentage of samples with IgG (15.89%). The level of se-
ropositive samples was the lowest (15.23%) for the anti-
bodies to phase II antigen in CFT, and this diagnostic method
did not detect sera containing phase I antibodies. Similar
results were obtained by Wegdam-Blans et al. (2014), who
suggested that CFT-based phase I antibody detection is not
recommended for serological diagnosis of chronic Q fever.
Generally, IFA detected a lower percentage of positive
samples than ELISA. The highest percentage of seropositive
samples for phase II of Q fever antigen could be attributed to
the detection of IgM antibodies. [gM were not demonstrated
by IFA because only IgG antibodies were detected.

It should be noted that serological diagnosis based only on
the presence of IgM phase II antibodies can be inaccurate
because solitary IgM can be a false positive. Schneeberger
et al. (2010) reported cases with isolated IgM-II antibodies in
an acute-phase serum sample that did not progress to a se-
rological profile with any of the other three antibodies (IgG-
IL, IgM-1, or IgG-I) (Schneeberger et al. 2010). Moreover, the
results of PCR for these samples were negative. Similar re-
sults were obtained in our investigation. The 71 blood sam-
ples from humans from Chodziez were tested twice by PCR.
The first test detected the presence of the IS//71 gene spe-
cific for C. burnetii in 10 tested samples, but the second
investigation after 3 weeks did not confirm these results.
According to the literature data and our results, C. burnetii
DNA is undetectable in blood or serum as the serological
response develops (Schneeberger et al. 2010).

Recent papers (Van der Hoek et al. 2011, Wegdam-Blans
et al. 2012a) define the chronic form of Q fever as the pres-
ence of least two of the following three criteria: (1) IgG phase
I antibody titer =1:1024; (2) positive PCR results 3 or more
months after the acute episode; and (3) clinical or radiolog-
ical signs. On the other hand, Raoult (2012) proposed that
definition of chronic Q fever should be avoided and suggest a
new score-based diagnosis for Q fever endocarditis and
vascular infection. In our studies, only in two patients from
Debno infection could be classified as a probable chronic Q
fever. In a group of humans from Chodziez, the presence of
DNA C. burnetii was detected, but clinical signs were not
observed and the titers of IgG phase I antibodies in IFA were
<1:1024, thus we cannot conclude that it could be a chronic
form of disease. The most positive group was from Debno,
which was confirmed by results of statistical analysis show-
ing that there are statistically significant differences between
people from Debno and other localizations. It should be noted
that only in this group was the probable chronic form of Q
fever with clinical symptoms observed. The differences sta-
tistically significant noted only for IFA results could be
considered as evidence that IFA is a gold standard in sero-
logical diagnosis of Q fever in humans and gives the most
reliable results. A relationship between results obtained for
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different genders was not observed. One significant differ-
ence was noted (p=0.04) for ELISA results (IgG phase II)
between ages 45 and 48, but on the basis of this one differ-
ence is impossible to state that the age can be related with
prevalence of C. burnetii infection in tested humans.

In Poland, both human and animal cases of Q fever are
notifiable. Cases of Q fever in animals are confirmed by the
National Reference Laboratories for Q fever. The informa-
tion on animal cases is sent by the regional state veterinary
officer to the National Sanitary Inspectorate. Elimination of
the source of infection is achieved through established co-
operation 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 (Lutynski 1956). The largest
epidemic of Q fever among humans and animals was rec-
ognized near Zamos$¢ (in the Lublin voivodeship in eastern
Poland) in 1983 (Cygan et al. 1983, Mikotajczyk et al. 1986).
More than 1300 people fell ill in this epidemic centered
around the area of Hrubieszow and Tomaszow Lubelski.
Until 2007 when the large Q fever epidemic in The Nether-
lands 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, Galinska 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 the Lublin voivodeship showed the pres-
ence of specific antibodies to C. burnetiiin 17.8% of 90 tested
subjects for comparison in our studies; the percentage of
seroprevalence in the tested farming population was higher in
IFA (31.12%) and ELISA (39.07%).

Generally, the small number of human cases recognized in
Poland in comparison with the other European countries may
indicate that in this country the disease is underdiagnosed and
morbidity is underestimated. For comparison, in France 1326
acute cases and 1083 chronic cases of Q fever were reported
between 1985 and 2009 (Frankel et al. 2011). Outbreaks of Q
fever are also noted in neighboring countries (Germany,
Ukraine, the Czech Republic and the Slovak Republic)
(Literak 1995, Maksimovich et al. 1995, Literak and Rehacek
1996, Hilbert et al. 2011).

Conclusions

The results of the present study, obtained with the use of
serological methods and real-time PCR, seem to indicate that
C. burnetii is present in the farm workforce in Poland, in-
cluding in the southeastern region where Q fever is consid-
ered endemic. Moreover, outbreaks of Q fever are present in
other parts of the country (Chodziez and Gliwice). The en-
demic region should be the location of further studies in
humans, animals, and the vectors of C. burnetii. Since 2013,
vaccination of cattle and sheep has been available in Poland,
and it can reduce the number of both animal and human cases
of Q fever. On the other hand, the vaccine for humans is not
available for humans in Poland, but taking into account the
increasing percentage of infected ruminants, the Sanitary
Inspection should consider the possibility of its introduction,
particularly for humans who are exposed to domestic rumi-
nants. Additionally, on the basis of this data and previously
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published data, testing of persons in contact occupations
around cattle or small ruminants for the presence of C. bur-
netii infection should be considered. However, the most
important element is collaboration between veterinary and
sanitary services aimed at detection and elimination the
sources of infection both in humans and animals.
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