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ABSTRACT: This study was aimed at detection of Coxiella burnetii in bovine foetuses using polymerase chain

reaction (PCR) and immunohistochemistry (IHC) and at an estimation of its frequency in Eastern Turkey. Stamp,

Giemsa, and Gimenez stains were used in addition to PCR and IHC to determine the presence of C. burnetii in

samples from 70 bovine foetuses. While the staining methods did not detect the agent by direct visualisation of

C. burnetii on smears, PCR and IHC identified its presence in two of the foetuses. The distribution of antigens in

these two foetuses was, in decreasing order of concentration, in the spleen, the thymus, the lungs, the liver, and

the kidneys. We conclude that C. burnetii diagnosis in bovine foetuses can be reliably performed using PCR and

IHC. In addition, the frequency of 1.42% of C. burnetii positivity in bovine foetuses reported here was the first

time that the presence of this agent was determined in Eastern Turkey.
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Coxiella burnetii is an obligatory intracellular path-
ogen that causes a disease that leads to abortion in
sheep, goats, and cattle (Rady et al. 1985; Maurin and
Raoult 1999; Bildfell et al. 2000; Sanchez et al. 2006).
Such abortions may occur along with other problems
including low birth weight, death of new-born cat-
tle, failure to expel the placenta, endometritis, and
infertility (Plommet et al. 1973; Behymer et al. 1976;
Bildfell et al. 2000). The infectious agent is reported to
be present in the blood, lungs, spleen, and liver during
the early stages, while in the chronic phase it moves
to glandular breast tissue and the placenta (Kim et
al. 2005; Borriello and Galiero 2012). In the placenta,
it has been found in trophoblasts and mononuclear
cells (Bildfell et al. 2000). C. burnetii is reported to
be transmitted by environmental contamination with
placental secretions, vaginal mucus, faeces, milk, and
similar products from infected animals (Berri et al.
2000; Rodolakis et al. 2007).

C. burnetii has a membrane similar to that of
Gram-negative bacteria and does not take up the
Gram stain (Maurin and Raoult 1999). C. burnetii is
generally stained using the Gimenez method in both
clinical specimens and laboratory cultures (Gimenez

1964). Methods such as egg embryo examination,
cell culture, laboratory animal experimentation,
PCR, IHC, and in situ hybridisation are typically
used to isolate or identify the agent (Maurin and
Raoult 1999; Bildfell et al. 2000; Jensen et al. 2007).

Serological studies testing for the presence
of C. burnetii in cattle have found prevalence
rates around the world varying from 3.4% to 84%
(Adesiyun et al. 1984; Behymer et al. 1985; Marrie et
al. 1985; Houwers and Richardus 1987; McQuiston
et al. 2002). However, studies on the presence of
C. burnetii in bovines in Turkey remain somewhat
limited (Seyitoglu et al. 2006; Kirkan et al. 2008).

This study was aimed at identifying the presence
of C. burnetii in samples from 70 bovine aborted
foetuses using PCR and IHC, and at estimating its
frequency in Eastern Turkey.

MATERIAL AND METHODS

Study sample. The study population consisted of
70 bovine abortions collected in Elazig and neigh-
bouring districts in 2012 and 2013.
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Infectious agent staining and isolation. Foetal tis-
sue samples (from brain, liver, lungs, and spleen) were
homogenised with a sterile mortar and pestle with
phosphate-buffered saline (PBS) containing 1000 UI/ml
each of penicillin and streptomycin sulphate. The ho-
mogenates were centrifuged for 15 min at 4000 rpm
in a refrigerated centrifuge at 4 °C. The supernatant
was passed through 0.45 pm pore filters, transferred
to 1 ml sterile cryovials, and kept at —80 °C. For the
isolation of C. burnetii, 0.2 ml of the supernatant
were inoculated into the yolk sacs of 6- to 8-day-old
chicken egg embryos and incubated for 4—13 days
at 37 °C. After the fourth day, eggs that displayed
embryonal death were opened and preparations were
made from the yolk sac membranes. The samples were
then stained using the Stamp, Giemsa, and Gimenez
methods. The yolks of the dead egg embryos were
removed and used for DNA extraction. The isolates
obtained were identified using PCR.

DNA isolation and PCR. The QIAamp DNA
Extraction Kit (Qiagen tissue kit) was used to extract
DNA from the collected samples. DNA was isolated
from the yolk sacs and pooled organ tissue suspen-
sions following the manufacturer’s instructions for
the QIAamp kit. The tissue samples were centri-
fuged for 15 min at 4000 rpm after homogenisation
with PBS containing 1000 UI/ml each of penicillin
and streptomycin sulphate, following which they
were kept at —40 °C until the bacterial suspension
could be analysed. At the time of analysis, 200 pl ali-
quots were transferred into 1.5 ml Eppendorf tubes
and 180 pl of buffer ATL and 20 ul of proteinase K
were added. This suspension was incubated for 3 h
at 56 °C and then vortexed. Then, 200 pl of buffer
AL were added and the suspension was incubated
for 10 min at 70 °C, and then vortexed for 15 s.
Following vortexing, 200 ml of ethanol were added
and the suspension was vortexed and transferred to
QIAamp minispin column tubes and centrifuged for
1 min at 8000 rpm. The supernatant was discarded
following centrifugation. The QIAamp minispin col-
umn was placed inside a new collection tube, 500 pl
of buffer Aw1 was added, and the tubes were centri-
fuged for 1 min at 8000 rpm. Then, 500 pl of buffer
Aw?2 was added after the removal of the supernatant
and the tubes were centrifuged at 14 000 rpm for
3 min. The column tubes were then placed inside
new microcentrifuge tubes, 200 pl of elution buffer
were added, and they were centrifuged for 1 min at
8000 rpm before being frozen at —20 °C until PCR
analysis was performed.
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The 50 pl PCR reactions contained 25 pl of PCR
master mix (2x) (Thermoscientific, Catalog No:
K0171), 1uM of each primer, 18 pul of water, and
5 pl of target DNA. A genus-specific primer pair
based on the repetitive area of the transposon of
the C. burnetii strain, consisting of trans-1:5'-TGG
TAT TCT TGC CGA TGA C-3'and trans-2:5'-GAT
CGT AAC TGC TTA ATA AAC CG-3' was used
(Hoover et al. 1992). The PCR thermocycling pro-
gram began with five initial cycles in which the
annealing temperature decreased by one degree
each cycle, starting with pre-heating at 95 °C for
2 min, then 30 s at 94 °C, 1 min of annealing at
66-61 °C, and synthesis for 1 min at 72 °C. Cycles
after this consisted of denaturation at 94 °C for 30 s,
hybridisation at 61 °C for 30 s, and synthesis at 72 °C
for 1 min; this was repeated for a total of 40 cycles,
after which samples were incubated at 72 °C for a
further 10 min. The resulting PCR products were
then subjected to electrophoresis in a 1.5% aga-
rose gel at 70 V for 1 h. Following electrophoresis,
the gel was stained with ethidium bromide and the
results read by ultraviolet (UV) transillumination.
The presence of a 687-bp band in the PCR product
was considered as positive for C. burnetii.

Positive control: The C. burnetii reference strain
used as a positive control was provided by Dr.
Mustapha Berri, Institute National de la Recherche
Agronomique (INRA), France.

Histologic examination. Tissues samples were
fixed in 10% buffered formalin and prepared ac-
cording to common methods; paraffin blocks were
sliced to a thickness of 5 pym in a microtome and
studied using light microscopy following haema-
toxylin-eosin staining.

Immunohistochemistry. Paraffin-embedded
sections prepared from abort samples (tissue from
the lungs, liver, brain, spleen, thymus, kidneys, and
muscle) were immunochemically stained using a
streptavidin-biotin-peroxidase complex method. A
commercially available kit (Dako LSAB) was used
for immunohistochemistry. Following deparaffini-
sation and rehydration, 5-pm-thick lung sections
were maintained for 10 min in a 3% hydrogen per-
oxide solution to block endogenous peroxidase
activity. The tissues were then incubated consecu-
tively for 5 min each in two separate PBS solutions.
Subsequently, they were treated for 15 min in a
microwave oven with a ready-to-use antigen re-
trieval solution, then cooled to room temperature,
incubated for 10 min in the blocking solution, and
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finally incubated for 30 min at 37 °C in anti-C. bur-
netii hyperimmune serum (1/500). The aborted tis-
sues used as controls were incubated in distilled
water only, then washed with PBS. After 15 min of
this treatment, the control tissues were placed in
streptavidin for 10 min, washed again with PBS, and
incubated for 5 min in DAB chromogen. Tissues
were then counterstained with Mayer’s haematoxy-
lin solution and sealed in mounting medium. The
anti-C. burnetii hyperimmune serum was obtained
from Dr. Hasan Ongor (Department of Veterinary
Microbiology, Firat University, Turkey).

The immunopositivity observed with light mi-
croscopy was semi-quantitatively estimated using
the following scale: absent (-), mild (+), moderate
(++), and intense (+++).

RESULTS

Infectious agent staining

Eggs with observed embryonal death were opened
and preparations were made from the yolk sac mem-
branes. The samples were stained using the Stamp,
Giemsa, and Gimenez methods. No C. burnetii
strain could be isolated in direct smears from the
pooled samples from foetal tissues, but C. burnetii
DNA was detected in the yolk sacs of embryonated
eggs after passaging. Stained smears of the yolk sacs
were examined to ensure the absence of bacterial
contamination and to demonstrate the presence of
C. burnetii. The presence of large masses of red-
coloured coccobacilli was seen in Gimenez-stained
yolk sac impressions. The isolates were further con-
firmed using PCR.

DNA isolation and PCR

PCR on DNA extracted from a suspension of the
pooled tissue samples from 70 aborted foetuses did
not detect C. burnetii DNA. However, PCR per-
formed with DNA extracted from egg yolk prepara-
tions gave positive reactions for C. burnetii DNA
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Figure 1. Appearance of C. burnetii PCR products on an
agarose gel stained with ethidium bromide. M = 100 bp
DNA ladder; P = positive control, N = negative control;
1-2 = positive samples

in two of the 70 abortions (1.42%). We detected
687-bp positive bands by agarose gel electropho-
resis of the PCR reactions (Figure 1).

Histopathological findings

Upon examination, samples from two of the bo-
vine foetuses were found to be C. burnetii-positive.
Spleen haemorrhage, thymus hyperaemia, and severe
bronchopneumonia were observed (Figures 2—4).
The livers showed multifocal inflammatory cell in-
filtration and degenerative or necrotic parenchy-
mal cell collections of varying severity (Figure 5).
The kidneys exhibited severe interstitial nephritis,
proximal tubular cell necrosis and desquamation,
and tubular dilation (Figure 6).

Immunohistochemistry

C. burnetii was detected using IHC in two out of 70
(1.42%) aborted bovine foetuses. The organ distribu-
tion of C. burnetii positivity is summarised in Table 1.

Immune positivity was intense in the spleen,
moderate in the thymus and lung, and mild in
the liver and the kidneys. Immune positivity was
mainly concentrated in the lymphoid cells of the
spleen and thymus (Figures 7 and 8), and in the in-

Table 1. Distribution of C. burnetii in various organs of two aborted bovine foetuses

Spleen Thymus Lung Liver Kidney Muscle Brain
Sample 1 +++ ++ + + - - —
Sample 2 +++ + ++ + + - -
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Figure 5. Degenerative-necrotic changes (*) and inflam-
matory cell infiltration (arrowhead) in liver, H-E

Figure 6. Severe interstitial nephritis (*) and tubulary  Figure 7. Immunopositivity in lymphoid cells of spleen
necrosis (arrowhead) in kidney, H-E (arrowhead), IHC

Figure 8. Immunopositivity in lymphoid cells of thymus  Figure 9. Immunopositivity in inflammatory exudate
(arrowhead), IHC (arrow) and peribronchial area (arrowhead) of lung, IHC
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Figure 10. Immunopositivity in periportal cell infiltra-
tion (arrowhead) of liver, IHC

terstitial, peribronchiolar, and luminal bronchiolar
mononuclear cells of the lungs (Figure 9).

Mild immune positivity was present in the he-
patic periportal areas (Figure 10), and the inflam-
matory interstitial renal infiltrates (Figure 11).

DISCUSSION

A limited number of studies have been performed
examining the presence of C. burnetii in bovine,
ovine, and caprine aborts in different countries
(Sanchez et al. 2006; Szeredi et al. 2006; Jensen et
al. 2007; Hazlett et al. 2013). Sheep aborts were
positive for the presence of C. burnetii in 3.7%
of cases in Germany (Plagemann 1989), 1% in
Switzerland (Chanton-Greutmann et al. 2002), and
2% in Hungary (Szeredi et al. 2006). The prevalence
in goat foetuses was 1% in Hungary (Szeredi et al.
2006), 10% in Switzerland (Chanton-Greutmann
et al. 2002), and 0.1% in the USA (Moeller 2001).
Positivity for the agent was also found in 17.2% of
bovine aborts in Portugal (Clemente et al. 2009)
and 11.6% in Italy (Parisi et al. 2006). A frequency
of 1.42% C. burnetii positivity in bovine foetuses in
Eastern Turkey was determined in this study. The
variation among the different results may be due
to differences among animal husbandry methods,
other regional differences, or the application of vac-
cination programs.

While previous studies on C. burnetii prevalence
have been performed in Turkey, no prior report
was found on the presence of this agent in bovine
aborts. Existing studies were performed on mate-
rials such as blood, milk, or abomasal contents. A
study by Kirkan et al. (2008) examining 138 bovine
blood samples using PCR detected C. burnetii in

Figure 11. Immunopositivity in inflammatory cell infil-
tration (arrowhead) of intertubular in kidney, IHC

six samples (4.3%). Positivity by immune serology
and PCR was determined in 14 of 400 milk samples
(3.5%) in a study by Ongor (2004). Dogru et al.
(2010) reported no C. burnetii DNA in milk sam-
ples from seropositive sheep and cattle. As for the
study on abomasal contents in 102 bovine, 45 ovine,
and five caprine aborts by Gunaydin et al. (2015),
the positivity rates for C. burnetii DNA were 3.92%
(n=4),11.11% (n = 5), and 40% (n = 2), respectively.
We investigated the presence of C. burnetii in vis-
ceral samples of 70 bovine aborts collected from
animal husbandry companies. Examinations were
performed both by isolation on chicken embryo
eggs and by PCR. PCR on egg yolk preparations
from these embryo eggs as well as PCR and IHC on
direct visceral samples detected C. burnetii DNA
in two of the 70 aborts (1.42%). Cultures, PCR, and
IHC results concurred exactly.

For infection with this agent, IHC has been ap-
plied more on the mothers and placentas than on
foetal organs (Bildfell et al. 2000; Sanchez et al.
2006; Jensen et al. 2007; Muskens et al. 2012). Due
to the fact that PCR revealed C. burnetii positivity
in nine cases versus only four when using IHC in
a study population of 100 bovine placentas with
foetal abort viscera, Muskens et al. (2012) advanced
the idea that IHC may be less sensitive than PCR.
On the other hand, Hazzlet et al. (2014) observed
that PCR may establish a diagnosis, but such a di-
agnosis must still be confirmed by another method,
such as culture, staining, or IHC. There was no
discrepancy between PCR and IHC results in our
study. The difference in this respect with the study
by Muskens et al. (2012) might be due to the infec-
tion stage.

The isolation of C. burnetii from aborted samples
(foetus and placenta) represents the gold standard
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for definitive diagnosis. High numbers of organisms
are present in the amniotic fluids and placenta dur-
ing birthing (e.g., 10° bacteria/g placenta; Christie
1974). The foetal samples were sent to a routine
diagnose laboratory, and the placentas were not
analysed. For this reason, foetal samples were ex-
amined.

C. burnetii primarily infects the trophoblasts in
the placenta (Baumgartner and Bachmann 1992;
Sanchez et al. 2006). It has been proposed that
C. burnetii is transported from the mother to the
foetus by macrophages (Bildfell et al. 2000). The
finding of immune positivity, especially in foetal
organs such as the spleen and thymus, i.e. organs
that are the richest in mononuclear cells like mac-
rophages, seems to support such a hypothesis.

We diagnosed C. burnetii in bovine foetuses using
PCR. We then performed IHC and C. burnetii was
again diagnosed in these foetuses. Thus, the IHC
analysis confirmed the PCR results. We conclude
that C. burnetii diagnosis in bovine foetuses can be
reliably performed using PCR and IHC. In addition,
the frequency of 1.42% of C. burnetii positivity in
bovine foetuses reported here was the first time
that the presence of this agent was determined in
Eastern Turkey.
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