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ABSTRACT

Q fever is one of the commonest infectious diseases worldwide. A Coxiella burnetii prevalence of 97.6%
has been found by ELISA and PCR tests of the bulk tank milk in dairy cattle farms of Hungary. The
herd- and individual-level seroprevalence rates of C. burnetii in the examined dairy cows and farms
have dramatically increased over the past ten years. Three high-producing industrial dairy farms were
studied which had previously been found ELISA and PCR positive for C. burnetii by bulk tank milk
testing. Coxiella burnetii was detected in 52% of the 321 cows tested by ELISA. Pregnancy loss was
detected in 18% of the cows between days 29–35 and days 60–70 of gestation. The study found a higher
seropositivity rate (80.5%) in the cows that had lost their pregnancy and a seropositivity of 94.4% in the
first-bred cows that had lost their pregnancy at an early stage. The ELISA-positive pregnant and aborted
cows were further investigated by the complement fixation test (CFT). In dairy herds an average of
66.6% individual seropositivity was detected by the CFT (Phase II) in previously ELISA-positive animals
that had lost their pregnancy and 64.5% in the pregnant animals. A higher (Phase I) seropositivity rate
(50.0%) was found in the cows with pregnancy loss than in the pregnant animals (38.5%). The high
prevalence of C. burnetii in dairy farms is a major risk factor related to pregnancy loss.
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INTRODUCTION

Pregnancy loss is one of the most important sources of economic loss in modern industrial dairy
farms. Most of the pregnancy losses occur in early pregnancy. Although late embryonic loss and
early fetal mortality may occur in a higher percentage of the cows, it is not as easy to detect their
infectious or non-infectious causes as those of late fetal loss or abortion. Many specific and
nonspecific uterine pathogenic bacteria and several virus infections can change the embryonic
environment, causing early pregnancy loss (EPL) (Vanroose et al., 2000). Coxiella burnetii, the
causative agent of Q fever, is an obligate intracellular bacterium which is often detected in the
uterus (Agerholm, 2013). Many reproductive disorders, such as abortion, retained placenta,
metritis and infertility, may be associated with Q fever (Muskens et al., 2011a,b; Muskens et al.,
2012; Garcia-Ispierto et al., 2014). Several studies have found that every additional day on which
cows are not pregnant at the optimal time after calving and the loss of pregnancy at an early
stage cause additional expenses to dairy farms (Meadows et al., 2005). The average value of a
new pregnancy was found to be 278 USD in the United States in 2006 (De Vries, 2006).
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Although the percentage incidence of early embryonic loss is
higher than that of late embryonic and early fetal loss, the
latter causes more serious economic losses to dairy farms
because of the delayed rebreeding of cows and the increased
culling rates (Diskin and Morris, 2008). The aim of this study
was to examine the effect of C. burnetii seropositivity by
ELISA and complement fixation test (CFT) on early preg-
nancy and fetal losses in dairy cows between days 29 and 70 of
gestation in some Hungarian dairy herds.

MATERIALS AND METHODS

Data were collected in October and November 2019 from all
inseminated cows of three Hungarian dairy farms (herd size:
600, 750 and 1,000 cows, milk production: 9,600, 10,200 and
11,000 kg/cow/year, respectively).

All cows contributing to the data set were Holstein-Frie-
sian, fed a total mixed ration (TMR) and bred by artificial
insemination (AI) after a voluntary waiting period of ∼60
days. Pregnancy status was determined by the measurement of
serum pregnancy-specific protein B (PSPB) concentrations
(29–35 days after AI; n 5 321). In all cows initially designated
pregnant, continuation of pregnancy or its loss was deter-
mined by transrectal palpation 60–70 days after AI. At 29–35
days after insemination, a blood sample from the coccygeal
vein of each cow was collected and sent to the laboratory by
overnight mail. Upon arrival at the laboratory, blood samples
were centrifuged (6703g for 10 min) and the resulting sera
were assayed for PSPB (BioPRYNTM; Biotracking, Moscow,
ID, USA), as described previously (G�abor et al., 2007). On the
subsequent day the serum samples were sent to the laboratory
for serological testing. All 321 samples were examined by
ELISA and all the ELISA-positive animals were further
examined by CFT, using C. burnetii phase I and II antigen.
Commercial ELISA kits (ID Screen® Q Fever Indirect Multi-
species, IDVet Inc., Grabels, France) were used according to
the manufacturer’s instructions. The serum samples were
examined by two different CFT tests, utilising C. burnetii
phase I and II antigens, according to the manufacturer’s in-
structions (Virion/Serion GmbH, W€urzburg, Germany), and
the Manual of Diagnostic Tests and Vaccines for Terrestrial
Animals (Word Organisation for Animal Health, 2018).

The percentage pregnancy loss (PPL) was calculated as
follows: the calculation used the number of cows diagnosed
pregnant at 29–35 days after AI (based on PSPB concen-
tration) and the number of cows diagnosed pregnant by
transrectal palpation 60–70 days after AI.

Spearman’s rank correlation was applied to analyse the
correlation between the positive ELISA test results and the
number of pregnancies (ranked as follows: 1 5 positive test
result, 0 5 negative test result. The pregnancy loss was rep-
resented with rank 1 and continuous pregnancy was ranked
0), using R software (R Core Development Team, 2013).

A dataset was created based of the results of the ELISA
testing and the CFT testing, where a pregnancy lost in phase
I was marked with 1 and pregnancies lost in phase II were
marked with 0. Similarly, the cows that were pregnant in

phase I were marked with 1 and animals that were pregnant
in phase II were marked with 0. The means of the two
datasets (pregnant animals in phase I and pregnancy loss in
phase I) were compared with Student’s t-test, using R soft-
ware (R Core Development Team, 2013).

RESULTS

The pregnancy rate was 61.9% (199/321). The rate of
pregnancies lost between days 29–35 and days 60–70 of the
gestation period was found to be 18%.

ELISA testing showed 52% individual seropositivity
among the cows examined. A higher percentage of C. bur-
netii positivity was noted in cows that had lost their preg-
nancy. The seropositivity of cows with pregnancy loss was
80.5%, while that of the pregnant animals was 48.2% (Fig. 1).

Statistical analysis showed a significant positive correla-
tion between positive ELISA test results and the loss
of pregnancy (Spearman’s rank correlation, rho 5 0.282,
P < 0.05). ELISA positivity was greatly increased in cows
which had lost pregnancy after the first breeding (94.4%),
while in the pregnant animals the seropositivity was only
slightly increased (53.8%) (Fig. 2).
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Statistical analysis showed a significant positive correla-
tion between positive ELISA test result and the loss of
pregnancy at first AI (Spearman’s rank correlation, rho 5
0.446, P < 0.05).

In the dairy herds included in the study, an individual
seropositivity rate of 66.6% was detected in previously ELISA-
positive animals by CFT (Phase II), 38.8% of the cows
exhibiting low titres (1:10–1:40) and 27.7% high (<1/80) titres.
CFT (Phase I) detected 49.9% seropositivity in animals that
had lost their pregnancy, with 41.6% of these cows exhibiting
low titres (1:10–1:40) and 8.3% of them having high (<1/80)
titres (Table 1). Statistical analysis showed a significant dif-
ference in CFT positivity between animals found pregnant in
phase I (37/96) and cows that had lost their pregnancy in
phase I (18/36) (Student’s t-test, P < 0.05).

DISCUSSION

The prevalence of C. burnetii infection has been reported to
be 93.7% in Central and Eastern European dairy herds, and a
higher prevalence of 97.2% was found in Hungary based on
ELISA and PCR test findings of the bulk tank milk (Dobos
et al., 2020). Many laboratory-confirmed human Q fever
cases associated with dairy farms have been reported
worldwide (Bosnjak et al., 2010). The number of acute hu-
man Q-fever infections reported yearly in Hungary ranged
between 28 and 59 between 2014 and 2018 (ECDC, 2019).
The growing number of cattle in industrial Hungarian
dairies and farm structures moving towards concentration
increase the risk of C. burnetii transmission among animals
and from animals to humans.

Several studies have investigated early pregnancy loss in
cows between days 28 and 98 after AI. In intensively
managed dairy farms of North America the rate of late
embryonic loss was found to be 20.2% (Vasconcelos et al.,
1997). Silke et al. (2001) reported 7.2% late embryonic loss
during the same period for dairy cows kept mainly in
pasture-based milk production systems in Ireland. L�opez-
Gatius (2003) described 10.2% pregnancy loss from gesta-
tion day 38–90 in lactating dairy cows from a single herd in
Northern Spain. Zobel et al. (2011) reported a pregnancy
loss rate of 7.79% (in cows and heifers) on two Simmental
dairy farms in Croatia from day 32–86 of gestation. In
Hungary, a large number of dairy cattle were tested for
pregnancy by assaying serum PSPB concentration at 29–35
days after insemination, and pregnancy was checked again
by transrectal palpation 60–70 days after AI. A pregnancy
loss of 19.3% was detected by assaying more than one

hundred thousand blood samples (G�abor et al., 2016). The
present study found 18.0% pregnancy loss, which is higher
than that reported previously from several other countries.
Some authors have stated that embryonic and fetal mortality
was not related to the genetic merit of cows (Diskin and
Morris, 2008). No significant effect of previous synchroni-
sation on the rate of pregnancy loss was found (L�opez-
Gatius et al., 2002). There is evidence that body condition
may affect the pregnancy loss rate. Change of body condi-
tion was found to increase the incidence of embryonic
mortality between days 28 and 56 of gestation (Silke et al.,
2001). Negative energy balance during early gestation re-
duces fertility and may increase the pregnancy loss. L�opez-
Gatius et al. (2002) found an about 2.4 times higher risk of
pregnancy loss in cows that lost one unit in body condition
compared to cows maintaining their body condition. Most
authors have found a significant correlation between the
incidence of embryonic loss and cow parity (Nyman et al.,
2018). Some authors have reported an increase in late em-
bryonic loss with increasing parity (Balendran et al., 2008)
and with cow age and endocrine causes (Lee and Kim, 2007;
Bajaj and Sharma, 2011). The risk of pregnancy loss was
found to be 3.1 times higher in cows with twin pregnancy, as
reported by L�opez-Gatius et al. (2012). The uterine envi-
ronment and periparturient diseases such as subclinical
endometritis also have been linked with pregnancy loss
(Santos et al., 2004). A recent study has found an association
between C. burnetii infection and endometritis, which may
also be related to progressive reproductive disorders such as
infertility (De Biase et al., 2018).

Infectious agents may also be associated with embryonic
and fetal loss (Vanroose et al., 2000). Some viruses such as
bovine viral diarrhoea virus (BVDV), bovine herpesvirus-1
(BoHV-1) and Bluetongue virus can cause pregnancy loss.
BVDV is able to reach the embryo and infect it before the
placenta is completely formed at around 30–32 days of
pregnancy, resulting in embryonic death (McGowan and
Kirkland, 1995; Tsuboi et al., 2011). BoHV-1 may be asso-
ciated with decreased fertility and abortion in early to late
gestation. The virus induces the development of chronic
necrotising endometritis 31–47 days after AI (Graham,
2013). Infection of cattle by Bluetongue virus in early stages
of pregnancy can result in early fetal death, but this virus
infection is closely linked with late abortion and some
serious malformations (Sperlova and Zendulkova, 2011).
Bacterial, protozoal or fungal infections may cause early fetal
death but are more closely associated with abortion. The
protozoan pathogen Neospora caninum is a well-studied
abortifacient infectious agent in cattle. Several publications

Table 1. Summary of complement fixation test (CFT) results of ELISA-positive pregnant cows and cows with a pregnancy loss

CFT titres 1:10–1:40
latent infection

CFT titres >1:80
evolving infection

CFT positive/total
ELISA positive

Cows with pregnancy loss, phase II 14 (38.8%) 10 (27.7%) 24/36 (66.6%)
Cows with pregnancy loss, phase I 15 (41.6%) 3 (8.3%) 18/36 (50.0%)
Pregnant animals, phase II 38 (39.5%) 22 (23%) 62/96 (64.5%)
Pregnant animals, phase I 28 (29.1%) 9 (9.3%) 37/96 (38.5%)
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state that N. caninum is the leading infectious cause of
bovine abortions but is not associated with early pregnancy
loss (Wilson et al., 2016).

The individual seroprevalence rates of C. burnetii in
the dairy cows tested in this study (52%) were above both
the international average (20.0%; Guatteo et al., 2012) and
the previous Hungarian findings (38%; Gyuranecz et al.,
2012). The C. burnetii seroprevalence rate was much
higher in animals that had lost their pregnancy (80.5%)
than the rate found in pregnant cows or the average in-
dividual value. The seroprevalence rate was close to 100%
in first-inseminated heifers that lost their pregnancy
(94.4%).

An average individual seropositivity rate of 50% was
detected by CFT (Phase I) in animals that had lost their
pregnancy. Titres between 1/10 and 1/40 are characteristic of a
latent infection. Titres of 1/80 or above indicate an active
phase of infection. A CFT titre of 1:40 is diagnostic for acute Q
fever (Fournier et al., 1998). According to these CFT results
both acute and chronic Q fever can occur during pregnancy.
We detected a significantly higher percentage of phase I titres
by CFT in animals that had lost their pregnancy. This means
that these animals were in the acute phase of the disease due to
acute infection and/or the reactivation of bacteria. In mam-
mals, C. burnetii can be reactivated during pregnancy and thus
cause reproductive problems (Fournier et al., 1998). Infection
with C. burnetii at an early stage of gestation increases the
chance of pregnancy loss.

In conclusion, the findings of this study indicate an as-
sociation between pregnancy loss of dairy cows at the early
stage of gestation and C. burnetii infection. The high prev-
alence of C. burnetii in dairy farms is a major risk factor
related to pregnancy loss. As pregnancy loss is one of the
most significant sources of economic loss in dairy farms,
further investigations into the possible causative agents are
needed.

Declaration of competing interest: CEVA-Phylaxia Co. Ltd.
(CEVA Sante Animale, Libourne, France) is the marketing
authorisation holder of the vaccine COXEVAC (containing
inactivated C. burnetii, strain Nine Mile), with cattle and
goats as target species.
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