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ABSTRACT:

Q fever is a major anthropozoonotic disease infecting animals and man all over the
world except in the Antarctic and New Zealand. This study aimed to highlight the
public health significance of Q fever among dairy cattle and the potential role of raw
milk products in transmitting the infection to humans in Menoufia governorate. A
total of 60 raw milk samples were collected from 60 apparently healthy Baladi dairy
cows of different ages from 3 localities in Menoufia governorate (20 from Shebein El-
Kom, 20 from Tala and 20 from Menouf) and examined for presence of C. burnetii
DNA by PCR. Results revealed that 25% (15/60) of milk samples had C. burnetii DNA.
No significant association was revealed between PCR positivity and the cattle age or
selected localities. Moreover, the current study involved estimation of seroprevalence
of anti-C. burnetii phase II IgG antibodies by ELISA test among 184 attendants of
Shebein El Kom fever and chest hospitals in Menoufia governorate in relation to the
habit of consumption of unpasteurized milk products. 41.85% (77/184) of the
examined individuals were positive for phase II IgG antibodies. A highly significant
association was found between increased seroprevalence and the pattern of
consumption of unpasteurized milk products per week since the patients with the
habit of usual consumption (5-7 days/week) had the highest seroprevalence rate
56.10% (23/41) versus 47.14% (33/70) and 28.77% (21/73) among those with
moderate (2-4 days/week) and rare (0-1 days/week) patterns of consumption,
respectively. In conclusion, presence of C. burnetii DNA in milk of cattle and C.
burnetii phase II IgG in contact human being could confirm the role of food from
animal origin in transmission of Q fever to man.
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INTRODUCTION

Q fever is a globally distributed re-emerging over the world except in the Antarctic and New
bacterial disease that can be transmitted by several Zealand (Knobel et al., 2013). Coxiella burnetti
ways infecting humans, more than 30 species of (the cause of Q fever) is an obligate intracellular
domestic and wild animals, wild and domestic Gram negative, non-motile, non sporulated and
birds, reptiles, ticks and even marine mammals all pleomorphic microaerophilic (2.5%),
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coccobacillus highly contagious bacterium (0.4 to
1um length and 0.2 to 0.4 um width) that can
cause infection with a low infective dose (1 to 10
organisms), able to survive for long time in the
environment and may be carried by wind to long
distances (Heppell et al., 2017).

The primary main mode of Q fever transmission
in humans is inhalation of pathogen-contaminated
aerosols from excreta of infected goats, sheep and
cattle especially birth products and even from
excreta of infected parturient cats or dogs
(Cetinkol et al., 2017). However, the risk of
consumption of unpasteurized milk and milk
products of dairy species (as cows, buffaloes,
sheep, goats and camels) in transmission of Q
fever to humans especially in the developed world
countries couldn’t be neglected (Pechstein et al.,
2017).

In dairy cattle, although most C. burnetii
infections are asymptomatic in nature, cattle may
develop endometritis, infertility, abortion, sub-
clinical mastitis resulting in reduction of milk
production and final breakdown of the udder
quarter (Johnson et al., 2019), the bacteria become
localized in the mammary glands and continue to
be shed in the milk for long periods of time up to
13 months so, the cow raw milk products were
revealed to be positive for C. burnetii more
frequently than that of goats or ewes since the
excretion of C. burnetii can last only up to 52 days
and 8 days in the milk of goats and sheep,
MATERIAL AND METHODS

Specimen collection:

A total of 60 milk samples were collected from
60 apparently healthy Baladi dairy cows of
different ages from 3 localities in Menoufia
Governorate (20 from Shebein EI-Kom, 20 from
Tala and 20 from Menouf). Teats of the cows
were disinfected using a piece of cotton soaked
in 70% ethanol and were let to dry with
discarding the first few milliliters of foremilk.
From each cow, fresh milk samples (30 ml each)
were collected in clean plastic containers. The
samples were frozen at -20 °C till examined for
presence of C. burnetii DNA by using PCR
technique. The cattle milk samples were
randomly collected in the period from February
2018 to June 2018.
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respectively (Bottcher et al., 2011). Moreover, C.
burnetii can survive more than 40 months in dry
cow milk powder at room temperature, for over
than 2 years and 8 years in skimmed milk kept at
-20 °C and -65 °C, respectively (Sidi-Boumedine
etal., 2010).

In humans, C. burnetii showed the ability for
manipulation of the immune system and
establishing a chronic infection after 6 months of
infection persistence resulting in serious damage
of person’s vital organs (such as: heart, brain, liver
and lungs). Spontaneous abortions and many
adverse pregnancy outcomes also may develop
among infected pregnant women (Rahaman et al.,
2019). The prevention of Q fever among humans
IS mainly dependent on the prevention of the
disease among animal populations. Furthermore,
it is important to increase the public health
awareness to avoid consumption of fresh milk. As
well, proper pasteurization of milk at least 72 °C
for 40 seconds is highly recommended
(Gebremedhin and Shallom, 2018).

The aim of the current study was to perform
examination of some raw cow milk samples in
some localities in Menoufia Governorate by PCR
technique to highlight their potential role as a risk
factor in foodborne transmission of Q fever
infection among examined humans attending
Shebein EI Kom fever and chest hospitals in
Menoufia Governorate.

A total of 184 attendants of Shebein El Kom
fever hospital and Shebein EI Kom chest hospital
(the main fever and chest hospitals in Menoufia
Governorate) were selected for this study. By
using sterile disposable syringes, approximately
5 ml of human blood were collected from the
cephalic vein of each individual without
anticoagulant. In a sterile glass tube, the blood
was left to stand for about half an hour and then
centrifuged at 3000 rpm for 10 minutes to obtain
non haemolyzed clear serum that stored in
labeled aliquots at -20 °C until tested for anti-C.
burnetii phase Il 1gG antibodies by ELISA in
relation to history of consumption of
unpasteurized milk products (such as: Karish
cheese and homemade butter) in the period from
March 2018 to February 2019.



Detection of anti-C. burnetii phase 11 1gG
antibodies by ELISA assay:

All collected human serum samples were
examined for phase 1l IgG antibodies according
to Samaha et al. (2012) by using the commercial
indirect ELISA kit (Vircell SL® Granada, Spain.
G1001, 96 tests).

Extraction of C. burnetii DNA:

The whole milk samples were centrifuged for 15
minutes at 5000 rpm at 10 °C. The milk fat and
the liquid were discarded whereas the resulting
milk pellets were washed twice by using PBS
with centrifugation in each time for 5 minutes at
5000 rpm at 10 °C to eliminate milk inhibiting
substances and increase recovery of the milk
DNA. Finally, the supernatant was discarded and
the remaining somatic cells were resuspended in
200 pl PBS as described by El-Mahallawy et al.
(2016). DNA extraction from raw cow milk
samples was performed in accordance with the
manufacturer’ s instructions of G-spinTM total
DNA extraction kit (cat. no. IBT-QMS-GT1704
(RO1-2012-01), intron biotechnology, Seoul,
Korea).

Amplification and detection of C. burnetii
DNA:

The primers of (com1) gene were used according
to EI-Mahallawy et al. (2016) as follows: forward

5-CCCTGCAATTGGAACGAAG-3' and
reverse 5'-
GTTCTGATAATTGGCCGTCGACA-3. The

final volume of PCR reaction was set up in a 25
ul. Each PCR tube contained 12.5 pl of master
mix, 1 pl of each primer, 6.5 pl of distilled water
and 4 pl of the extracted DNA. In a thermal
cycler model (GS1, Thermal Cycler Base Unit
GS00001, USA), the cycling conditions were
performed as denaturation at 95 °C for 10
minutes followed by 35 cycles at 95 °C for 30
seconds, at 55 °C for 30 seconds and 72 °C for 1
minute for each cycle. The final cycle was
followed by an extension step at 72 °C for 10
minutes. A 10 pl of each PCR product was
subjected to gel electrophoresis in 1.5% agarose
gel electrophoresis (cat. no. PG-40005, 100 g,
Genetix Biotech Asia Pvt. Ltd., New Delhi,
India) with using GeneDirex®100 bp DNA
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ladder H3 RTU (cat. no. DMO003-R500, Focus
Bioscience, Australia) as a marker. The expected
PCR product size was 775 bp. Nine-Mile strain
of C. burnetii which was used as positive control,
was kindly obtained from department of
molecular diagnostics and therapeutics in genetic
engineering and biotechnology research institute
(GEBRI), university of Sadat city (USC), Egypt.

Statistical analysis:

Data were analyzed using Chi- Square analysis
test (X2) by using SPSS (Statistical Package for
Social Science) version 17 by as was performed
by Shabbir et al. (2016).

RESULTS:

Table (1): Molecular detection of C. burnetii
DNA in the examined cattle milk samples (MS)
by using PCR:

Positive Negative
Test No. of
St tested Ms.|  No. % No. %
PCR | 60 15 25 45 75

Table (2): PCR results in the examined cattle
milk samples in relation to cattle age:

Age Positive PCR Negative PCR
group of

COWS No. % No. %
<5 years
(No.= 47) 11 23.40 36 76.60
> 5 years
(No.= 13) 4 30.77 9 69.23

Total

(No.= |15 25 45 75

60)

1 12 13 14 15 16

LR O

Figure (1): Ethidium bromide-stained agarose gel
electrophoresis showing some representative
results of PCR amplification of (com1) gene of C.
burnetii in cattle milk. Lane 1: DNA ladder, lanes



2, 3,4,5, 10, 11, 12, 13 and 14: milk positive
results, lanes 6, 7, 15 and 16: negative results, lane
9: negative control and lane 8: positive control.
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Table (3): PCR results in the examined cattle milk samples in relation to different localities in Menoufia

Governorate:
Positive PCR| Negative PCR
Localities of examined No.| % No. %
COWS
Shebein EI-Kom (No.= 6 30 14 70
Tala (No.= 20) 4 20 16 80

Menouf (No.= 20) 5 25 15 75
Total (No.= 60) 15 25 45 75
hi-

Chi- square 0.533NS

P-value 766

Table (4): Seroprevalence of anti-C. burnetii phase Il IgG antibodies in the tested patients in relation to

consumption of unpasteurized milk products:

Pattern of consumption and No. of Positive _
attendants who Consumed phase I Negative phase I1
unpasteurized milk products 19G 19G
(Karish cheese and homemade
butter) No. % No. %

Rare (0-17d§)y/week) (No.= 21 28.77 | 52 71.23
Moderate (2-47(:151)ys/week) (No.= 33 4714 | 37 52 86
Usual (5-7;:if1)ys/week) (No.= 23 5610 | 18 43.90

Total (No.=184) 77 41.85 | 107 58.15

Chi- square 9.36**
P-value 0.009

NS Non Significant.

DISCUSSION

The result presented in table (1) revealed PCR
positivity among raw cow milk samples was 25%
(15 out of 60). The obtained result in cattle milk
was in agreement with the findings of Guatteo et
al. (2006) who illustrated a PCR positivity of
24.38% (59 out of 242) among cattle milk in
France, Amin and Ahmed (2009) who showed a
PCR positivity of 22% (22 out of 100) among
cattle milk in Assiut Governorate, Egypt,
Mohammed et al. (2014) who declared a PCR
positivity of 28.95% (11 out of 38) among cattle
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milk in Saudi Arabia and Can et al. (2015) who
detected a PCR positivity 24.38% (59 out of 242)
among cattle milk in Turkey.

In contrary, some molecular studies on cattle milk
revealed lower PCR positivity rates as: 4.74% (17
out of 359) in Switzerland (Fretz et al., 2007),
1.22% (3 out of 245) in France (Cardinale et al.,
2014), 12% (18 out of 150) in Iran (Ahmadizadeh
et al., 2015), 14% (7 out of 50) in Assiut
Governorate, Egypt (Koriem et al., 2015), 1.43%
(5 out of 350) in Turkey (Saglam and Sahin, 2016)



0% (0 out of 130) in Iran (Norouzian et al., 2018),
3.57% (4 out of 112) in Brazil (de Souza Ribeiro
Mioni et al., 2019) and 5.53% (12 out of 217) in
India (Dhaka et al., 2019).

On the other hand, higher PCR positivity rates
were detected among cattle milk as: 94.30% (298
out of 316) in USA (Kim et al., 2005), 56.60%
(193 out of 341) in the Netherlands (Muskens et
al., 2011), 51.69% (92 out of 178) in Spain
(Astobiza et al., 2012) and 48% (96 out of 200) in
Turkey (Parin and Kaya, 2015).

Although worldwide observations revealed that Q
fever human outbreaks were more frequently
related to small ruminants than to cattle, the role
of dairy cattle in transmission of Q fever to
humans could not be neglected since the
prevalence of Q fever was worldwide higher 20%
among dairy cattle herds than among beef herds
with the risk of shedding of C. burnetii in milk for
several years and possibly lifelong without
appearance of significant clinical signs on
infected dairy cows (Astobiza et al., 2012). PCR
is considered an accurate diagnostic tool for
detecting presence of the pathogen gene mainly in
the acute stages of the disease so, the obtained
prevalence of C. burnetii among examined dairy
cattle could spot the light on the risk of dairy cattle
in Menoufia Governorate for maintenance of C.
burnetii chain and transmission of Q fever
infection.

Furthermore, the obtained prevalence could be
referred to the fact of expelling of C. burntii
through infected birth fluids at time of parturition
and through feces at any time from onset of
infection distributing the pathogen everywhere
and since C. burnetii can persist for long time in
the environment withstanding harsh
environmental conditions like dryness, high
temperature, UV light and even chemical
disinfectants. Thus, once the area become
contaminated with C. burnetii, it becomes very
difficult to be decontaminated (Oyston and
Davies, 2011). Moreover, dry manure beside the
farm area could increase the risk of widespread of
Q fever infection in seropositive farms as a result
of open windy areas with high animal densities
and high temperature.

Table (2) clarified that the PCR positivity was
higher 30.77% (4 out of 13) among cattle of age
group (> 5 years) in comparison with a PCR
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positivity of 23.40% (11 out of 47) among cattle
of age group (< 5 years). The difference between
the two groups was statistically non-significant.
The obtained result of increased Q fever
prevalence with increased cattle age in the current
study was in agreement with the findings of
McCaughey et al. (2010) who recorded the age
group (> 4-8 years) to have the highest Q fever
prevalence 7.78% (224 out of 2879) in
comparison with a prevalence rate of 5.78% (84
out of 1454) among age group (> 2-4 years) and a
prevalence rate of 1.77% (15 out of 849) among
age group (0-2 years) through their
epidemiological study on cattle in UK and Ruiz-
Fons et al. (2010) who declared that prevalence of
C. burnetii was higher 6.72% (35 out of 521)
among adult cows of age group (> 3 years) than
the prevalence rate 6.19% (6 out of 97) among
heifers (< 3 years) in Spain.

In Egypt, Hussein (1993) illustrated a higher
prevalence of 30.28% (76 out of 251) among
cattle age group (> 3 years) versus 21.74% (20 out
of 92) among cattle age group (< 3 years) in
Assiut, Sohag and Quena Governorates. As well,
El-Mahallawy (2012) showed a higher prevalence
10.71% (9 out of 84) among cattle of age group (>
3 years) versus 0% (0 out of 8) among age group
(< 3 years) in Ismailia Governorate.

Furthermore, Seo et al. (2017) represented the
increase of Q fever prevalence with cattle age in
South Korea as shown 18.41% (51 out of 277)
among age group (> 5 years) in comparison with
6.76% (24 out of 355) among age group of (3-5
years) and 1.92% (2 out of 104) among age group
(< 3 years). Another study in South Korea
performed by Seo et al. (2019) also revealed Q
fever prevalence of 3.64% (2 out of 55) among
cattle age group (> 3 years) in comparison with
prevalence rates of 0.78% (2 out of 257) and
0.22% (1 out of 448) among age groups (2-3
years) and (< 2 years), respectively.

The obtained result of increasing C. burnetii with
age of dairy cattle could be referred to the
increased hormonal imbalance and the decreased
immunity that occur among multigravida
increasing the organism multiplication in the
placenta in large numbers as well as increasing in
age is mainly associated with increased risk of
exposure to different sources of infection
(infected animals, infected dust, infected water,



infected birth outcomes, infected excreta as: urine
and feces, ticks, infected bull semen) during life
(Garcia-Ispierto, 2010).

Table (3) revealed the highest PCR positivity rate
30% (6 out of 20) was detected among cattle milk
samples collected from Shebein EI Kom followed
by a PCR prevalence rates of 25% (5 out of 20)
and 20% (4 out of 20) among cattle milk samples
collected from Menouf and Tala, respectively.
There was no obvious significant statistical
variation between different groups indicating that
Q fever infection is endemic in all selected
localities of Menoufia governorate in the present
study. The low infective dose of C. burnetii (1-10
organisms) could indicate that one positive case
could give an indication about presence of Q fever
infection within whole the locality (Klemmer et
al., 2018). The present study on dairy cattle was
valuable only in that it provided evidence for the
C. burnetii circulation among dairy cattle (even if
they seemed apparently healthy) in the studied
localities and also gave an indication about the
possibility to contract Q fever among people who
contacted with these cattle.

Regarding the human results, Table (4) in the
current study revealed that the patients with the
history of usual consumption of unpasteurized
milk products (as: Karish cheese and homemade
butter) (5-7 days/week) had the highest
seroprevalence rate of anti-C. burnetii phase Il
IgG antibodies 56.10% (23 out of 41) in
comparison with seroprevalence rates of 47.14%
(33 out of 70) among patients with the habit of
moderate consumption of unpasteurized milk
products (2-4 days/week) and 28.77% (21 out of
73) among patients who rarely consumed
unpasteurized milk products (0-1 day/week). The
statistical analysis using chi-square revealed that
the difference between groups was highly
significant.

The obtained result in the current study was in
agreement with the findings of El-Mahallawy
(2012) who illustrated through her study in
Ismailia Governorate, Egypt that the highest
seroprevalence rate of anti-C. burnetii phase 11
IgG antibodies was 21.25% (17 out of 80) among
humans with the habit of regular consumption of
raw or unpasteurized milk and its products in
comparison with seroprevalence rates of 15.69%
(8 out of 51) and 8.16% (4 out of 49) among
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humans who consumed unpasteurized milk
products sometimes and rarely, respectively.
Furthermore, Sun et al. (2016) reported that the
seroprevalence rate of anti-C. burnetii phase Il
IgG antibodies was higher 43.21% (105 out of
243) among cattle farmers and farm residents with
a history of consumption of raw cow milk in
China versus a seroprevalence rate of 20.17% (24
out of 119) among those who hadn’t. In addition,
Park et al. (2018) declared that the seroprevalence
rate of anti-C. burnetii phase Il 1gG antibodies was
higher 13.46% (7 out of 52) among dairy cattle
farmers who had the habit of consumption of raw
cow milk in Korea versus a seroprevalence rate of
10.88% (127 out of 1,167) among those who
didn’t ever consume raw cow milk. As well,
Mostafavi et al. (2019) showed that the Iranian
humans who consumed unpasteurized milk and
dairy products had a higher seroprevalence rate of
anti-C. burnetii phase 1l 1gG antibodies 37.43%
(67 out of 179) in comparison with a
seroprevalence rate of 28.18% (51 out of 181)
among those who didn’t.

On the contrary, Wardrop et al. (2016) found in
their study on humans in Kenya that there was no
evidence of a correlation between consumption of
cattle milk and C. burnetii seropositivity among
humans. They reported that 2.54% (52 out of
2,049) of overall examined humans were positive
for anti-C. burnetii phase Il IgG antibodies with
less than 1% of the examined individuals had the
habit of consumption of raw milk.

Increasing seroprevalence of anti-C. burnetii
phase Il lgG antibodies with increasing the
consumption of raw or unpasteurized milk
products would be referred to the fact that the
bacterium C. burnetii becomes localized in the
cattle mammary glands and continues to be
expelled in cow milk in all phases of lactation
(colostral phase, phases I, Il and Ill) for long
periods of time or even during lifetime and
because C. burnetii has the ability to resist
elevated temperature during routine
pasteurization (at 63 °C for 30 minutes or even 72
°C for 15-20 seconds). The production of some
types of cheese and butter that does not include
heat treatment of milk at higher temperature (as
Karish cheese and homemade butter) renders
these milk products become a health hazard to
humans who consume them as components of a



healthy diet since their possible contamination
with the pathogenic C. burnetii (Radinovi¢ et al.,
2013).

Conclusion

We can conclude that the risk of consumption of
unpasteurized milk products of dairy cows in
transmission of Q fever to humans in Menoufia
Governorate couldn’t be neglected. Discarding of
infected milk and proper pasteurization of
apparently normal milk are highly recommended
steps to eliminate the risk of zoonotic spread of Q
fever from animals to man.

Ethical Approval

All procedures performed in this study including
collection of human blood samples and milk from
animals were in accordance with the Egyptian
ethical standards of the national research
committee. All human subjects gave their consent
for the collection of the blood samples, with the
agreement that any identifying details of the
individuals should not be published.

REFERENCES

Ahmadizadeh, C., Moosakhani, F. and Jamshidian,
M. (2015). Detection and identification of
Coxiella burnetii in milk cattles of Tehran
Province. Adv. Biores., 6(4).

Amin, W. F. and Ahmed, S. O. (2009). Detection
of Coxiella burnetii in bovine milk samples
using polymerase chain reaction. Assiut Vet.
Med. J., 55(123): 23-31.

Astobiza, I., Ruiz-Fons, F., Pinero, A., Barandika,
J. F., Hurtado, A. and Garcia-Perez, A. L.
(2012). Estimation of Coxiella burnetii
prevalence in dairy cattle in intensive systems
by serological and molecular analyses of bulk-
tank milk samples. J. Dairy Sci., 95(4): 1632-
1638.

Bottcher, J., Vossen, A., Janowetz, B., Alex, M.,
Gangl, A., Randt, A. and Meier, N. (2011).
Insights into the dynamics of endemic Coxiella
burnetii infection in cattle by application of
phase-specific ELISAs in an infected dairy
herd. Vet. Microbiol., 151(3-4): 291-300.

Can, H. Y., Elmali, M. and Karagdz, A. (2015).
Detection of Coxiella burnetii in cows’, goats’,
and ewes’ bulk milk samples using polymerase

146

Journal of Current Veterinary Research, Volume (2), 2019

chain reaction (PCR). Mljekarstvo, 65(1): 26-
31.

Cardinale, E., Esnault, O., Beral, M., Naze, F. and
Michault, A. (2014). Emergence of Coxiella
burnetii in ruminants on Reunion Island?
Prevalence and risk factors. PLoS Negl. Trop.
Dis., 8(8): e3055.

Cetinkol, Y., Enginyurt, O., Celebi, B., Yildirim,
A. A, Cankaya, S. and Aktepe, O. C. (2017).
Investigation of zoonotic infections in risk
groups in  Ordu University Hospital,
Turkey. Niger. J. clin. Pract., 20(1): 6-11.

de Souza Ribeiro Mioni, M., Ribeiro, B. L., Peres,
M. G., Teixeira, W. S., Pelicia, V. C., Motta, R.
G., Labruna, M. B., Ribeiro, M. G, Sidi-
Boumedine, K. and Megid, J. (2019). Real-
time quantitative PCR-based detection of
Coxiella burnetii in unpasteurized cow's milk
sold for human consumption. Zoonoses Public
Health, 66(6): 695-700.

Dhaka, P., Malik, S. S., Yadav, J. P., Kumar, M.,
Baranwal, A., Barbuddhe, S. B. and Rawool,
D. B. (2019). Seroprevalence and molecular
detection of coxiellosis among cattle and their
human contacts in an organized dairy farm. J.
Infect. Public Health, 12(2): 190-194.

El-Mahallawy, H. S. (2012). An epidemiological
study on Q fever in humans and farm animals
and its public health significance. Unpublished
Ph. D. Thesis, Zoonoses, Fac. of Vet. Med.
Suez Canal Univ. Egypt.

El-Mahallawy, H. S., Kelly, P., Zhang, J., Yang,
Y., Wei, L., Tian, L., Fan, W., Zhang, Z. and
Wang, C. (2016). Serological and molecular
evidence of Coxiella burnetii in samples from
humans and animals in China. Ann. Agric.
Environ. Med., 23(1): 87-91.

Fretz, R., Schaeren, W., Tanner, M. and
Baumgartner, A. (2007). Screening of various
foodstuffs for occurrence of Coxiella burnetii
in Switzerland. Int. J. Food Microbiol., 116(3):
414-418.

Garcia-Ispierto, I., Nogareda, C., Yaniz J. L., Almeria,
S., Martinez-Bello, D., de Sousa, N. M., Beckers, J.
and Lépez-Gatius, F. (2010). Neospora caninum


https://www.ncbi.nlm.nih.gov/pubmed/22459811
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4125295/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4125295/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Labruna%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=31173477
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ribeiro%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=31173477
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sidi-Boumedine%20K%5BAuthor%5D&cauthor=true&cauthor_uid=31173477
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sidi-Boumedine%20K%5BAuthor%5D&cauthor=true&cauthor_uid=31173477
https://www.ncbi.nlm.nih.gov/pubmed/31173477
https://www.ncbi.nlm.nih.gov/pubmed/31173477
https://www.ncbi.nlm.nih.gov/pubmed/30344103
https://www.ncbi.nlm.nih.gov/pubmed/30344103
http://www.aaem.pl/Author-Weixing-Fan/57604
http://www.aaem.pl/Author-Zhenwen-Zhang/57605
https://www.ncbi.nlm.nih.gov/pubmed/17434220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa-Ispierto%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20416940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nogareda%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20416940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Y%C3%A1niz%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=20416940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Almer%C3%ADa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20416940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Almer%C3%ADa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20416940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mart%C3%ADnez-Bello%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20416940
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Sousa%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=20416940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beckers%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=20416940
https://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%B3pez-Gatius%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20416940

and Coxiella burnetii seropositivity are related
to endocrine pattern changes during gestation
in lactating dairy cows. Theriogenology, 74(2):
212-220.

Gebremedhin and Shallom (2018). Review on Q
fever in Small Ruminants and its Public Health
Importance. Biomed. J. Sci. Tech. Res., 9(1):
6916-6922.

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. Vet.
Res., 37(6): 827-833.

Heppell, C. W., Egan, J. R. and Hall, I. (2017). A
human time dose response model for Q
fever. Epidemics, 21: 30-38.

Hussein, A. A. (1993). Incidence of Q fever among
infected and inapparently infected animals and
man in Upper Egypt. Unpublished Ph. D.
Thesis, Zoonoses, Fac. of Vet. Med. Assiut
Univ. Egypt.

Johnson, S. A., Kaneene, J. B., Asare-Dompreh,
K., Tasiame, W., Mensah, I G., Afakye,
K., Simpson, S. V.and Addo, K. (2019).
Seroprevalence of Q fever in cattle, sheep and
goats in the Volta region of Ghana. Vet. Med.
Sci., 5(3): 402-411.

Kim, S. G., Kim, E. H., Lafferty, C. J. and Dubovi,
E. (2005). Coxiella burnetii in bulk tank milk
samples, United States. Emerg. Infect.
Dis., 11(4): 619-621.

Klemmer, J., Njeru, J., Emam, A., El-Sayed, A.,
Moawad, A. A., Henning, K., Elbeskawy, M.,
Sauter-Louis, C., Straubinger, R., Neubauer, H.
and El-Diasty, M. M. (2018). Q fever in Egypt:
Epidemiological survey of Coxiella burnetii
specific antibodies in cattle, buffaloes, sheep,
goats and camels. PloS One, 13(2): e0192188.

Knobel, D., Maina, A., Cutler, S., Ogola, E.,
Feikin, D., Junghae, M., Halliday, J., Richards,
A., Breiman, R., Cleaveland, S. and Njenga, M.
K. (2013). Coxiella burnetii in humans,
domestic ruminants, and ticks in rural western
Kenya. Am. J. Trop. Med. Hyg., 88(3): 513-
518.

147

Journal of Current Veterinary Research, Volume (2), 2019

Koriem, A. M., Hussien, M. F., Makar, N. H. and
Sadek, O. A. (2015). Molecular detection of
Coxiella burnetii in raw cow's milk. Assiut Vet.
Med. J., 61(145): 230-235.

McCaughey, C., Murray, L. J., McKenna, J. P.,
Menzies, F. D., McCullough, S. J., O'neill, H.
J., Wyatt, D. E., Cardwell, C. R. and Coyle, P.
V. (2010). Coxiella burnetii (Q fever)
seroprevalence in cattle. Epidemiol. Infect.,
138(1): 21-27.

Mohammed, O. B., Jarelnabi, A. A., Aljumaah, R.
S., Alshaikh, M. A., Bakhiet, A. O., Omer, S.
A., Alagaili, A. N. and Hussein, M. F. (2014).
Coxiella burnetii, the causative agent of Q
fever in Saudi Arabia: molecular detection
from camel and other domestic
livestock. Asian Pac. J. Trop. Med., 7(9): 715-
719.

Mostafavi, E., Molaeipoor, L., Esmaeili, S.,
Ghasemi, A., Kamalizad, M., Behzadi, M. Y.,
Naserifar, R., Rohani, M. and Shahraki, A. H.
(2019). Seroprevalence of Q fever among high-
risk occupations in the Ilam province, the west
of Iran. PloS one, 14(2): e0211781.

Muskens, J., Van Engelen, E., Van Maanen, C.,
Bartels, C. and Lam, T. J. (2011). Prevalence
of Coxiella burnetii infection in Dutch dairy
herds based on testing bulk tank milk and
individual samples by PCR and ELISA. Vet.
Rec., 168(3): 79.

Norouzian, H., Ghobadian, D. H., Azadpour, M.,
Afrough, P., Shakib, P., Mosavi, S. M.,
Karami, A. and Goudarzi, G. (2018). PCR
detection of Coxiella burnetii in milk samples
of ruminants, Iran. J. Med. Bacteriol., 7(1-2):
31-35.

Oyston, P. C. and Davies, C. (2011). Q fever: the
neglected biothreat agent. J. Med.
Microbiol., 60(1): 9-21.

Parin, U. and Kaya, O. (2015). Detection of
Coxiella burnetii prevalence in bovine, ovine
and caprine herds. Ankara Univ. Vet. Fak.
Derg., 62(3): 177-181.

Park, J. H., Chu, H., Yoo, S. J., Hwang, K. J. and
Lim, H. S. (2018). Serologic Survey and Risk


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaneene%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=30859744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asare-Dompreh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30859744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asare-Dompreh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30859744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tasiame%20W%5BAuthor%5D&cauthor=true&cauthor_uid=30859744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mensah%20IG%5BAuthor%5D&cauthor=true&cauthor_uid=30859744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Afakye%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30859744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Afakye%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30859744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simpson%20SV%5BAuthor%5D&cauthor=true&cauthor_uid=30859744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Addo%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30859744
https://www.ncbi.nlm.nih.gov/pubmed/30859744
https://www.ncbi.nlm.nih.gov/pubmed/30859744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wyatt%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=19480726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardwell%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=19480726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naserifar%20R%5BAuthor%5D&cauthor=true&cauthor_uid=30779802
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rohani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30779802
https://www.ncbi.nlm.nih.gov/pubmed/21257587
https://www.ncbi.nlm.nih.gov/pubmed/21257587

Factors for Coxiella burnetii Infection among
Dairy Cattle Farmers in Korea. J. Korean Med.
Sci., 33(39): e245.

Pechstein, J., Schulze-Luehrmann, J. and
Luehrmann, A. (2017). Coxiella burnetii as a
useful tool to investigate bacteria-friendly host
cell compartments. Int. J. Med. Microbiol.,
308(1): 77-83.

Radinovi¢, M., Bobos, S., Davidov, 1., Paji¢, M.,
Erdeljan, M. and Galfi, A. (2013). Excretion of
Coxiella burnetii through milk of cows as risk
to human health. Bulg. J. Vet. Med., 16(1): 43-
47,

Rahaman, M. R., Milazzo, A., Marshall, H. and Bi,
P. (2019). Is a One Health Approach Utilized
for Q Fever Control? A Comprehensive
Literature Review. Int. J Environ. Res. Public
Health, 16(5): 730.

Ruiz-Fons, F., Astobiza, |., Barandika, J. F.,
Hurtado, A., Atxaerandio, R., Juste, R. A. and
Garcia-Pérez, A. L. (2010).
Seroepidemiological study of Q fever in
domestic ruminants in semi-extensive grazing
systems. BMC Vet. Res., 6(1): 3.

Saglam, A. G. and Sahin, M. (2016). Coxiella
burnetii in samples from cattle herds and sheep
flocks in the Kars region of Turkey. Vet.
Med., 61(1): 17-22.

Samaha, H. A., Haggag, Y. N., Nossair, M. A. and
Samar, A. (2012). Serological detection of 1gG
against Coxiella burnetti phase 1l in Behera
Province Western Egypt. Alex. J. Vet. Sci., 37:
33-40.

Seo, M. G., Ouh, I. O., Lee, S. H., Kim, J. W.,
Rhee, M. H., Kwon, O. D., Kim, T. H. and

148

Journal of Current Veterinary Research, Volume (2), 2019

Kwak, D. (2017). Prevalence of Coxiella
burnetii in cattle at South Korean national
breeding stock farms.PloS one, 12(5):
e0177478.

Seo, M. G., Kwon, O. D. and Kwak, D. (2019).
Molecular detection of Coxiella burnetii in
cattle on Ulleung Island, Korea: A Population-
based study with four years of follow
up. Korean J. Parasitol., 57(1): 69-73.

Shabbir, M. Z., Akram, S., Hassan, Z. U., Hanif,
K., Rabbani, M., Muhammad, J., Chaudhary,
M. H., Abbas, T., Ghori, M. T., Rashid,
H., Jamil, T., Islam, Z. U., Rasool, H., Bano,
A., Ahmad, A., Ali, M. A., Yaqub, T., McVey,
W. and Jayarao, B. M. (2016). Evidence of
Coxiella burnetii  in  Punjab province,
Pakistan. Acta Trop., 163: 61-609.

Sidi-Boumedine, K., Rousset, E., Henning, K.,
Ziller, M., Niemczuck, K., Roest, H. I. and
Thiéry, R. (2010). Development of harmonised
schemes for the monitoring and reporting of Q-
fever in animals in the European Union. EFSA
Supporting Pub., 7(5): 48E.

Sun, W. W., Cong, W., Li, M. H,, Wang, C. F.,
Shan, X. F. and Qian, A. D. (2016). Coxiella
burnetii seroprevalence and risk Factors in
cattle farmers and farm residents in three
Northeastern provinces and inner Mongolia
autonomous region, China. Biomed. Res.
Int., 2016: 7059196.

Wardrop, N. A., Thomas, L. F., Cook, E. A., de
Glanville, W. A., Atkinson, P. M., Wamae, C.
N. and Feévre, E. M. (2016). The Sero-
epidemiology of Coxiella burnetii in humans
and cattle, western Kenya: evidence from a
cross-sectional  study. PLoS Negl. Trop.
Dis., 10(10): e0005032.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6146149/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6146149/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6427780/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6427780/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2831013/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6409217/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaudhary%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaudhary%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbas%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghori%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rashid%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rashid%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jamil%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Islam%20ZU%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rasool%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bano%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bano%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yaqub%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=McVey%20W%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=McVey%20W%5BAuthor%5D&cauthor=true&cauthor_uid=27456937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jayarao%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=27456937

