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Q fever is an emerging and re-emerging anthropozoonosis infecting humans, more than 30 species of
domestic and wild animals, wild and domestic birds, reptiles, ticks and even marine mammals all over
the world except in the Antarctic and New Zealand. The current study aimed to highlight the public
health significance and risk factors of acquiring Q fever in sheep, humans and ticks in Menoufiya
governorate. The seroprevalence of anti-C. burnetii phase Il IgG antibodies was 61.96% (57/92) among
sheep and 41.85% (77/184) among humans by using ELISA. A significant association was revealed
between increasing C. burnetii seroprevalence rate and each of sheep male sex, sheep age, the warm
climate during sampling of sheep and humans, human males, increasing human age, immuno
compromised status of individuals, smoking behaviour and the history of contact with water bodies
among patients. Furthermore, a significant association was revealed between increasing C. burnetii
seroprevalence rate and presence of fever, cough, retrobulbar headache, anemia, thrombocytopenia,
increased liver enzymes and absence of skin rash. C. burnetii DNA was found in 13.33% (4/30) of sheep
samples, 6% (3/50) of human samples and 13.33% (8/60) of tick pools samples. A non-significant
association was showed between PCR positivity and tick species, sex and the prevalent climatic
condition during sampling of tick pools. In conclusion, the survival capability of C. burnetii for long
periods in environment, spread by several ways and the asymptomatic nature of the disease with lack of
cheap diagnostic tools enable Q fever to pass miss-diagnosed in Menoufiya governorate, Egypt.
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INTRODUCTION

Query fever (Q fever) is a serious worldwide
old recognized poorly understood disease
infecting animals and man all over the world
except in the Antarctic and New Zealand (Eldin et
al. 2017). In the developing countries, Q fever is a
major threat since it causes a significant loss of

animal productivity, major economic losses and
zoonotic risk to humans. Sheep were shown as
the most frequent ruminant species in acquiring Q
fever followed by goats and cattle. Although
animal coxiellosis is usually asymptomatic in
nature, clinical expression of C. burnetii infection
in sheep includes decreased appetite and
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depression 1-2 days, reduced reproductive
efficiency expressed as outbreaks of abortion in
late pregnancy, stillbirths, endometritis and
infertility (Johnson et al., 2019).

The importance of C. burnetii among humans
was represented firsty when used as a
bioterrorism agent during World War Il causing
numerous epidemics of febrile illnesses among
the German forces and during the biological
warfare between USA and the former Soviet
Union. Later in the 1980s, many Q fever human
outbreaks estimated by hundred to thousand
cases have been reported in different world
countries as: Athens, Italy, USA, Spain,
Switzerland, Great Britain, Germany, Scotland
and finally in the Netherlands where more than
4,000 human cases had been recorded in the
period between 2007 and 2010 due to the
intensification of dairy goat husbandry (Roest et
al.,, 2011). As a result, USA and some European
countries implemented up-to-date surveillance
systems for the notification of Q fever (CDC, 2002
and Sidi-Boumedine et al.,, 2010). In Africa, Q
fever was considered the first causative agent of
abortion followed by toxoplasmosis, neosporosis
and chlamydiosis and also was considered the
third causative agent of atypical pneumonia after
Streptococcus pneumoniae and Mycoplasma
pneumoniae (Koulla-Shiro et al., 1997 and
Abdelhadi et al. 2015) whereas in Egypt, Q fever
was demonstrated as a potential risk in animals
and man at 1995. However, the disease is an
endemic neglected disease with a little attention is
paid for the public education about the danger of
it, modes of its spread and methods of control
(Botros et al., 1995).

In humans, the disease has a public health
potential since its ability for manipulation of the
immune system and establishing a chronic
infection after 6 months of infection resulting in
serious damage of person’s vital organs (heart,
brain, liver and lungs). Spontaneous abortions
and many adverse pregnancy outcomes may also
develop in pregnant women (Rahaman et al.,
2019). In ticks, 40 hard and 14 soft tick species
are naturally Coxiella infected by transstadial or
transovarian manner, harboring C. burnetii in the
digestive tract and expelling the organism in saliva
and faeces contaminating wool and skin of hosts
during feeding (Eldin et al., 2017).

MATERIALS AND METHODS

2.1. Specimen collection:

A total of 92 serum samples were collected
from the jugular vein of 92 adult sheep of Baladi
breed of different ages and sexes from different
localities in Menoufiya governorate. Serum
samples were examined against anti-C. burnetii
phase Il IgG antibodies by ELISA. Furthermore,
30 blood samples were also collected and
examined by using PCR. Sheep samples were
collected in the period from February 2018 to
October 2018. In addition, a total of 184
attendants of Shebein EI Kom fever and chest
hospitals (the main fever and chest hospitals in
Menoufiya governorate) were examined in that
study. 184 human serum samples were collected
from human cephalic veins and examined for the
presence of anti-C. burnetii phase Il 1gG
antibodies by ELISA in the period from March
2018 to February 2019. 50 human blood samples
were also collected and examined by PCR.

Approximately 5 ml of sheep and human
blood samples were collected by using sterile
disposable syringes in a sterile glass tube without
anticoagulant. The blood was left to stand for
about half an hour and then centrifuged at 3000
rom for 10 minutes to obtain non haemolyzed
clear serum. Moreover, another 3 ml of sheep and
human blood samples were collected by sterile
syringes with wide pores in tubes coated with an
anticoagulant Ethylene Diamine Tetra Acetate
(sodium salt of EDTA). The serum and whole
blood samples were stored in labeled aliquots at -
20 °C.

Moreover, during the period from May 2018 to
May 2019, a total of 300 adult ticks (200 from
cattle and 100 from dogs) were collected from
different localities in Menoufiya governorate. They
were properly noted and transferred on ice to the
laboratory of department of Parasitology in Animal
health research institute (AHRI), Giza, Egypt for
immediately  identification by  using of
stereomicroscope according to Walker (2003).
After identification, ticks were divided into 60
pools (each pool contained 5 ticks) according to
collection date, locality, size, sex, species and
host as described by Noh et al., (2017). Ticks
were washed in 70% ethanol for 10 minutes, air
dried, rinsed twice with sterile distilled water and
they were cut with sterile scalpel. Each tick pool
was homogenized with 200 pl of PBS in 1.5 ml
sterile micro-centrifuge tubes and kept frozen at -
20 °C till DNA examination by PCR.
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2.2. Detection of anti-C. burnetii phase Il IgG
antibodies by ELISA assay:

All collected serum samples were examined
for phase Il 1gG antibodies by using the
commercial ELISA kit (Vircell SL® Granada,
Spain. G1001, 96 tests).

2.3. Detection of C. burnetii DNA by PCR:

2.3.1. Extraction of C. burnetii DNA:

Extraction of ticks DNA was performed using
the commercial G-spin™ total DNA extraction kit
(cat. no. IBT-QMS-GT1704 (R01-2012-01), intron
biotechnology, Seoul, Korea) according to the
manufacturer's instructions whereas extraction of
DNA from sheep and human blood samples was
done by using ABIOpure™ total
DNA Blood/Cell Extraction kit (cat. no.
M501DP100, Alliance Bio Inc., USA).

2.3.2. Amplification and detection of C.
burnetii DNA:

The primers of (coml) gene were used:
forward 5-CCCTGCAATTGGAACGAAG-3' and
reverse 5'-GTTCTGATAATTGGCCGTCGACA-3.
Final volume of PCR reaction was set up in a 25
pl. Each PCR tube contained 12.5 pl of master
mix, 1 ul 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), 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 volume of 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 a DNA ladder (Trans® 100
bp plus Il DNA ladder, cat. no. BM321-01,
Transgen biotech Co., Beijing, China). Expected
PCR product size was 775 bp. Nine-Mile strain of
C. burnetii which was used as positive control that
was kindly obtained from department of molecular
diagnostics and therapeutics, GEBRI, USC,

Egypt.

2.4, Statistical analysis:

Data were analyzed wusing Chi-square
analysis test (X?) by using SPSS (Statistical
Package for Social Science) version 17. P-value >
0.05 meant statistically insignificant while P-value
< 0.05 meant statistically significant and P-value <
0.01 meant statistically highly significant.

RESULTS

3.1. Seroprevalence of anti-C. burnetii phase Il
IgG antibodies in the tested sheep and
patients in Menoufiya governorate by ELISA
test.

The results presented in table (1) revealed the
seroprevalence of anti-C. burnetii phase Il 1gG
antibodies among the examined sheep was
61.96% (57 out of 92). Moreover, the
seroprevalence of anti-C. burnetii phase Il 1gG
antibodies was 41.85% (77 out of 184) among the
human patients.

3.2. Demographic characteristics of the
examined sheep.

As shown in table (2), the seroprevalence rate of
anti-C. burnetii phase Il 1gG antibodies in the
tested sheep in relation to sex was higher 81.82%
(18 out of 22) among rams versus a seropositivity
rate of 55.71% (39 out of 70) among ewes. The
difference between groups was statistically
significant whereas the highest seropositivity rate
76.09% (35 out of 46) was detected among sheep
aging (> 2 years) in comparison with a
seropositivity rate of 48.28% (14 out of 2) among
sheep aging (1-2 vyears) and the Ileast
seropositivity rate of 47.06% (8 out of 17) among
sheep aging (< 1 year). A significant association
was  declared between increasing  the
seroprevalence rate and increasing sheep age.
Moreover, it was showed that the warm climate
had a higher seroprevalence rate 69.49% (41 out
of 59) versus a seroprevalence rate of 48.48% (16
out of 33) in cold climate. A significant association
was shown between warm climate and increasing
the seroprevalence rate.

3.3. Demographic characteristics, clinical
symptoms and laboratory findings of the
examined patients.

Table (3) revealed the seroprevalence of anti-C.
burnetii antibodies in the examined patients in
relation to their sex to be higher 49.53% (53 out of
107) among males versus 31.17% (24 out of 77)
among females. The difference between two
groups was statistically significant.

Regarding the human age, it was showed that the
highest seroprevalence rate 55% (33 out of 60)
was recorded among the age group (41-60 years)
followed by seroprevalence rate 44.44% (20 out of
45) among the age group (61-80 years).
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Table 1: Seroprevalence of anti-C. burnetii phase Il IgG antibodies in the

patients in Menoufiya governorate by ELISA test:

tested sheep and

Species Total no. tested Positive phase Il IgG | Negative phase Il IgG
No. % No. %

Sheep 92 57 61.96 35 38.04

Human 184 77 41.85 107 58.15

Table 2: Demographic characteristics of the examined sheep:

Positive phase Il | Negative phase
. - IgG gG Chi-square | P-value
Demographic characteristics No. % No. %
Sex:
-Males (Rams) (No. = 22) 18 81.82 4 18.18
-Females (Ewes) (No. = 70) 39 55.71 31 44.29 4.84° 0.028
Total (No. =92) 57 61.96 35 38.04
Age:
<1 year (No. = 17) 8 47.06 9 52.94
1-2 years (No. = 29) 14 48.28 15 51.72
> 2 years (No. = 46) 35 76.09 11 23.91 7.80" 0.02
Total (No. = 92) 57 61.96 35 38.04
Prevalent climatic condition
during sampling:
-Cold climate (No. = 33) 16 48.48 17 51.52
-Warm climate (No. = 59) 41 69.49 18 30.51 3.96" 0.047
Total (No. = 92) 57 61.96 35 38.04

* Statistically Significant

Table 3: Demographic characteristics, clinical symptoms and laboratory findings of the examined

patients:
Positive Negative phase
phase Il IgG IllgG Chi-square | P-value
ltems No. | % | No. %
1.Demographic characteristics:
1.1.Sex:
-Males (No. = 107) 53 49.53 54 50.47
-Females (No. = 77) 24 31.17 53 68.83 6.21" 0.013
Total (No. = 184) 77 41.85 107 58.15
1.2.Age:
<20 (No.=48) 13 27.08 35 72.92
21-40 (No. = 31) 11 35.48 20 64.52
41-60 (No. = 60) 33 55 27 45
9.21" 0.03
61-80 (No. = 45) 20 44.44 25 55.56
Total (No. = 184) 77 41.85 107 58.15
1.3.Prevalent climatic condition during
sampling:
-Cold climate (No. = 83) 23 27.71 60 72.29
-Warm climate (No. = 101) 54 53.47 47 46.53 12 49* 0.0004
Total (No. = 184) 77 | 4185 | 107 58.15
1.4.Immunological status (patients with HIV,
HCV and HBV):
-Immunocompromized individuals (No. = 96) 50 5208 16 47.92
Bioscience Research, 2019 volume 16(S1-2): 121-138 124
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individuals (No. = 88 8.64™ 0.003
-Immunocompetent individuals (No. = 88) 27 30.68 61 69.32
Total (No. = 184) 77 41.85 107 58.15
1.5.Smoking behavior:
-Smokers (No. = 39) 22 56.41 17 43.59
-Non-smokers (No. = 145) 55 37.93 90 62.07 4.31° 0.038
Total (No. = 184) 77 41.85 107 58.15
1.6.Contact with water bodies
(during washing animals, cleaning dishes
and/or
swimming in canals)
“Yes (No. = 31) 19 61.29 12 38.71 *
-No (No. 153) 58 | 3790 | 95 | 62.10 5.79 0.016
Total (No. = 184) 77 41.85 107 58.15
2.Clinical symptoms:
2.1.Presence of acute febrile illness
(more than 0.8 °C above the normal)
of unknown cause
for more than one week:
-Present (No. = 115) 56 48.70 59 51.30
-Absent (No. = 69) 21 30.43 48 69.57

5.91 0.015

Total (No. = 184) 77 41.85 107 58.15
2.2.Skin rash:
-Present (No. = 38) 9 23.68 29 76.32
-Absent (No. = 146) 68 46.58 78 53.42 6.49" 0011
Total (No. = 184) 77 41.85 107 58.15 ' '
2.3.Cough:
-Present (No. = 116) 57 49.14 59 50.86
Total (No. = 184) 77 41.85 107 58.15
2.4.Retrobulbar headache:
-Present (No. = 97) 48 49.48 49 50.52
Total (No. = 184) 77 41.85 107 58.15
2.5.0ral congestion:
-Present (No. = 117) 56 47.86 61 52.14
-Absent (No. = 67) 21 31.34 46 68.66 4.78" 0.03
Total (No. = 184) 77 41.85 107 58.15
3.Laboratory findings:
3.1.Anemia (Hemoglobin < 11 g/dl):
-Present (No. = 108) 51 47.22 57 52.78
-Absent (No. = 76) 26 34.21 50 65.79 "
Total (No. = 184) 77 | 41.85 | 107 58.15 714 0.008
3.2.Thrombocytopenia (Platelets < 150x109 /L):
-Present (No. = 65) 34 52.31 31 47.69
-Absent (No. = 119) 43 36.13 76 63.87 .
Total (No. = 184) 77 | 41.85 | 107 58.15 4.52 0.034
3.3.Increased liver enzymes (ALT & AST > 40
IU/L):
-Present (No. = 86) 46 53.49 40 46.51
-Absent (No. = 98) 31 31.63 67 68.37 8.99" 0.003
Total (No. = 184) 77 | 41.85 | 107 58.15
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** Highly Significant

The statistical analysis of these results by
using chi-square revealed that there was a
significant variation between different age groups
with obvious association was declared between
increasing prevalence of anti-C. burnetii 1gG
antibodies with human age even if their total
number decreased in comparison with a
seroprevalence rate of 35.48% (11 out of 31)
among the age group (21-40 years) and the least
seroprevalence rate 27.08% (13 out of 48) was
shown among the age group (= 20 years).

Concerning the prevalent climatic conditions
during human sampling, warm climate was
declared having a higher seroprevalence of anti-
C. burnetii phase Il IgG antibodies 53.47% (54 out
of 101) in comparison with the seroprevalence
rate noted during cold climate 27.71% (23 out of
83). Statistical analysis using chi-square revealed
that the difference between the two groups was
highly significant indicating that chances for
acquiring Q fever increases in humans residing
Menoufiya governorate during warm climate than
during cold climate in the present study.

Concerning the immunological status of the
examined patients, the seroprevalence of anti-C.
burnetii phase 1l IgG antibodies was higher
52.08% (50 out of 96) among
immunocompromized patients versus 30.68% (27
out of 88) among immunocompetent individuals. A
highly significant association was observed
between the two groups.

By studying the effect of smoking as a risk
factor for acquiring Q fever, smokers were
represented to be at risk for acquiring Q fever
since the seroprevalence of anti-C. burnetii phase
Il IgG antibodies among them was 56.41% (22 out
of 39) versus a seroprevalence rate of 37.93% (55
out of 145) among non-smokers. The difference
between the two groups was statistically
significant.

Furthermore, the current study represented
the patients with history of contact with water
bodies had a higher seroprevalence of anti-C.
burnetii phase Il IgG antibodies 61.29% (19 out of
31) versus a seroprevalence of 37.90% (58 out of
153) among patients who had no contact with
water bodies. The difference between the two
groups was statistically significant.

The current study also showed a significant
association between Q fever infectivity and
suffering from acute febrile illness, retrobulbar
headache, oral congestion and absence of skin
rash as higher seroprevalence rates of anti-C.

* Statistically Significant

burnetii phase Il IgG antibodies were presented
as: 48.70% (56 out of 115) among feverish
patients, 49.48% (48 out of 97) patients with
retrobulbar headache, 47.86% (56 out of 117)
among patients had oral congestion and 46.58%
(68 out of 146) among patients with absence of
skin rash in comparison with the obtained
seroprevalence rates of 30.43% (21 out of 69),
33.33% (29 out of 87), 31.34% (21 out of 67) and
23.68% (9 out of 38) among patients had no fever,
no retrobulbar headache, no oral congestion but
they suffered from skin rashes, respectively.
Concerning presence of cough, a higher
seroprevalence rate of anti-C. burnetii phase Il
IgG antibodies was illustrated 49.14% (57 out of
116) among patients suffered from cough than a
seroprevalence rate of 29.41% (20 out of 68)
among patients without cough. The difference
between the two groups was highly significant.

Moreover, studying of laboratory findings
among the tested patients revealed that the
seroprevalence of anti-C. burnetii phase Il 1gG
antibodies was higher 47.22% (51 out of 108) and
53.49% (46 out of 86) among patients with
anemia and increased liver enzymes versus
seroprevalence rates of 34.21% (26 out of 76) and
31.63% (31 out of 98) among those with normal
levels of hemoglobin and nomal liver enzymes,
respectively. Statistical analyses using Chi-square
revealed that the differences among the studied
groups were highly significant. In addition,
seroprevalence of anti-C. burnetii phase Il 1gG
antibodies was higher 52.31% (34 out of 65)
among patients who had thrombocytopenia than
the seroprevalence rate of 36.13% (43 out of 119)
among those who hadn’t. The difference between
groups was statistically significant.

3.4. Molecular detection of C. burnetii DNA in
the examined sheep blood, human blood and
tick pools samples by using PCR.

Molecular detection of C. burnetii DNA in the
examined sheep blood, human blood and tick
pools samples by using PCR was declared in
table (4) and figures (2), (3) and (4). C. burnetii
DNA was found in 13.33% (4 out of 30) of sheep
whole blood samples while in the human whole
blood samples, C. burnetii DNA was found in 6%
(3 out of 50).In addition, a percentage of 13.33%
(8 out of 60) of the examined tick pools were C.
burnettii positive.
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Figure 1: A representative picture of tick species (Phenotypic identification by stereomicroscope)
showing A) female R. sanguineus B) male R. sanguineus C) female R. microplus and D) male R.

microplus.

Table 4: Molecular detection of C. burnetii DNA in the examined sheep blood, human blood and

tick pools samples by using PCR:
Species Total no. tested Positive PCR | Negative PCR
No. % No. %
Sheep 30 4 13.33 26 86.67
Human 50 3 6 47 94
Tick pools 60 8 13.33 52 86.67

3.5. Demographic characteristics of the
examined tick pools.

Studying species of examined tick pools in table
(5) revealed that showing Rhipicephalus
(Boophilus) microplus species (tick pools collected
from cattle) were higher in C. burnetii prevalence
rate 15% (6 out of 40) than Rhipicephalus
sanguineus species (tick pools collected from
dogs) 10% (2 out of 20). However, statistical
analysis using chi-square revealed that the
difference between the two groups was
statistically non-significant.

Regarding sex of tick pools, the higher C. burnetii
prevalence rates were among females of the
examined tick pools 16% (8 out of 50) in
comparison with a prevalence rate of 0% (0 out of
10) among males of the examined tick pools.
Statistical analysis using chi-square revealed that
the difference between males and females groups
was statistically non-significant.

Concerning the prevalent climatic conditions
during ticks sampling, the current study revealed
that the examined tick pools showed a higher
PCR positivity for C. burnetii 17.14% (6 out of 35)
during warm climate versus the positivity rate of
8% (2 out of 25) during cold climate. However,
Statistical analysis using chi-square revealed that
the difference between the two groups was
statistically non-significant.
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Table 5: Demographic characteristics of the examined tick pools:
Demographic characteristics Positive PCR Negative PCR Chi-square | P-value

No. % No. %
Species:
-Rhipicephalus sanguineus 2 10 18 90
(No. of pools = 20) 0.288NS 0.59
-Rhipicephalus (Boophilus)
microplus (No. of pools=40) 6 15 34 85
Total pools (No. = 60) 8 13.33 52 86.67
Sex:
Males (No. of pools =10) 0 0 10 100
Females (No. of pools =50) 8 16 42 84
Total pools (No. = 60) 8 13.33 52 86.67 1.85M° 0.174

Prevalent climatic condition
during sampling:
-Cold climate

(No. of pools = 25) 2 8 23 92 1.06NS 0.304
-Warm climate
(No. of pools = 35) 17.14 29 82.86
Total pools (No. = 60) 8 13.33 52 86.67

NS Non Significant

»

Figure 2: PCR amplification of (com1) gene of C. burnetii in sheep blood. Lane 1: DNA ladder,
lanes 2, 3, 4 and 5: positive results, lanes 6, 7, 10, 11, 12, 13, 14, 15 and 16: negative results, lane
9: negative control and lane 8: positive control.
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Figure 3: PCR amplification of (com1) gene of C. burnetii in examined tick pools. Lane 1: DNA
ladder, lanes 2, 3, 4, 5, 7, 8, 10 and 11: positive results, lanes 6, 9, 14, 15 and 16: negative results,
lane 13: negative control and lane 12: positive control.
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Figure 4: PCR amplification of (com1) gene of C. burnetii in human blood. Lane 1: DNA ladder,
lanes 8, 9 and 13: positive results, lanes 2, 3, 4, 7, 10, 11, 12, 14, 15 and 16: negative results, lane
6: negative control and lane 5: positive control.

DISCUSSION

The obtained high seroprevalence rate of anti-
C. burnetii phase Il IgG antibodies among the
examined sheep was in agreement with
Reinthaler et al. (1988) who reported a
seroprevalence rate of 62.5% (20 out of 32) in
Sudan and Dorko et al. (2010) who declared a
seroprevalence rate of 58.43% (52 out of 89) in
Slovakia. The obtained result still considered
somewhat lower than the seroprevalence rate of
73.91% (34 out of 46) that was reported among
sheep in Spain (Ruiz-Fons et al. 2010). On the
contrary, lower seropositivity rates were detected
among sheep in different Egyptian governorates
as: 12.08% (11 out of 91) in Ismailia governorate
(EI-Mahallawy et al. 2012), 23% (23 out of 100) in
Qaluobia governorate (Khalifa et al. 2016) and
25.69% (28 out of 109) in ElI Minya governorate
(Abushahba et al. 2017). Furthermore, lower
seropositivity rates were illustrated among sheep
in other parts of the world as: 34% (214 out of
630) in Saudi Arabia (Jarelnabi et al. 2018),
12.35% (21 out of 170) in India (Gangoliya et al.
2019) and 28.48% (45 out of 158) in Ghana
(Johnson et al. 2019).

The high seroprevalence of C. burnetii among
sheep in the current study could be referred to the
fact that the examined sheep were reared in
flocks not in special farms so they were exposed
to poor hygienic conditions involved a little
attention was paid for tick eradication (high
prevalence of ticks infestation). In addition,
infected sheep could show no apparent symptoms
but they could shed viable bacteria for long period
of time in their milk, urine, feces and birth fluids
especially at the lambing season with the
bacterium C. burnetii has the ability to persist in
the soil for a period exceeding 150 days. Grazing
of sheep on the infected soil could be a way for

transmitting infection through flocks. As well,
sheep were noticed to be suffered from
overcrowding that was found to be an essential
factor in intensifying the infection through the
flock.

Moreover, the obtained human
seroprevalence rate of anti-C. burnetii phase I
IgG antibodies result was in a harmony with that
of Dabaja et al. (2018) who reported a
seroprevalence rate of 38.72% (163 out of 421)
among Lebanese individuals. On the other hand,
relatively higher seroprevalence rates were
documented as: 74% (31 out of 42) in Behera
governorate, Egypt (Samaha et al. 2012) and
89.47% (17 out of 19) in India (Dhaka et al. 2019).
On the contrary in Egypt, lower seroprevalence
rates were illustrated in different governorates as:
3.33% (1 out of 30) in North Sinai governorate
(Mazyad and Hafez, 2007), 2% (2 out of 100) in
Dakahlia governorate (Zaki and Goda, 2009),
23.33% (7 out of 30) in Qaluobia governorate
(Khalifa et al. 2016) and 25.71% (9 out of 35) in El
Minya governorate (Abushahba et al. 2017).
Moreover, lower seroprevalence rates were
shown in other parts of the world as: 2% (14 out of
747) in Nicaragua (Reller et al. 2016), 8.7% (32
out of 368) in Turkey (Cikman et al. 2017) and
24.38% (88 out of 367) in Iran (Mostafavi et al.
2019).

The relatively high result obtained in the
current study suggested wide range of exposure
to Q fever and this might be due to the agricultural
nature of Menoufiya governorate that enables
many individuals to have the behaviour of
consumption of raw milk products (as: homemade
butter and Kareish cheese) which can be sold
immediately after milking by local milk sellers to
the consumer without any heat treatment.
Moreover, the relative high phase Il IgG
antibodies prevalence and lifelong persistence of
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Q fever with the non-specific presentations of the
disease among infected individuals within many
geographical areas and also the lack of cheap,
sensitive and specific laboratory diagnostic
methods reflect the endemicity of the neglected Q
fever in Menoufiya governorate (Oyston and
Davies, 2011).

The obtained seroprevalence rate of anti-C.
burnetii phase Il IgG antibodies in the tested
sheep in relation to their sex was in agreement
with Souza et al. (2018) who declared a higher
seroprevalence of 6.67% (5 out of 75) among
rams versus a seroprevalence of 1.52% (5 out of
330) among ewes in Brazil. On the other hand, EI-
Mahallawy et al. (2012) showed through their
study in Ismailia governorate, Egypt that the
seroprevalence of anti-C. burnetii phase Il 1gG
antibodies was higher 14.29% (8 out of 56)
among ewes than 8.57% (3 out of 35) among
rams. In addition, Ezatkhah et al. (2015) reported
a higher seroprevalence rate of 38.38% (38 out of
99) among ewes versus a seroprevalence rate of
17.86% (5 out of 28) among rams in Southeast
Iran. The high rate of male seroprevalence in our
work would be referred to the fact that any one of
the examined flocks had a little number of males
in relation to the number of females. All the
examined males were old, old males have a
greater opportunity to be exposed toC.
burnetiithan  younger ones through more
exposure to infection sources.

Regarding the sheep age, the obtained result
was in agreement with Abushahba et al. (2017)
who showed through their study in EI Minya
governorate, Egypt that sheep of the age group (>
2 years) had a higher seroprevalence of 26.44%
(23 out of 87) than the seroprevalence rate of
22.73% (5 out of 22) among sheep of the age
group (1-2 years) and Filioussis et al. (2017) who
detected a higher seroprevalence rate of 19.51%
(32 out of 164) among adult sheep (> 2 years)
versus a seroprevalence rate of 11.11% (4 out of
36) among yearling sheep (< 2 years) in Greece.
On the contrary, El-Mahallawy et al. (2012)
illustrated the highest seroprevalence rate was
12.86% (9 out of 70) among sheep aging (1-2
years) followed by the seroprevalence rate of
11.11% (1 out of 9) among sheep aging (up to 1
year) and the least seroprevalence rate of 8.33%
(1 out of 12) among sheep aging (> 2 years) in
Ismailia governorate, Egypt. Furthermore, Edalati-
Shokat et al. (2015) represented the age group (=
2 years) had a higher seroprevalence rate of
41.86% (18 out of 43) versus the age group (> 2
years) which had a seroprevalence rate of 23.57%

(37 out of 157) in Iran. The wide variation among
different age groups would be due to the the
ability of C. burntii to be shed in various sources
(as: milk, urine, feces and infected birth products),
survive in the outdoor environment for long time
periods and resist many physical and chemical
stresses as elevated temperature and pressure,
desiccation, osmotic shock and several chemical
disinfectants. As a result, the more contact with
the pathogen sources tends to be increased with
sheep age.

Concerning the prevalent climatic conditions
during sheep sampling, the obtained result was
consistent with the findings demonstrated by
Hellenbrand et al. (2001) who showed a higher
seropositivity of C. burnetii 1gG antibodies of
75.91% (167 out of 220) during warm climate
versus a seropositivity of 24.09% (53 out of 220)
during cold climate in Germany. On the other
hand, Avbersek et al. (2019) presented that the
prevalence of C. burnetii was higher in sheep
manure 80% (24 out of 30) in cold climate versus
a prevalence rate of 73.68% (14 out of 19) in
warm climate in Italy because of the routine Q
fever vaccination in the early of June.

Two reasons would become behind the
increased seroprevalence of C. burnetii in warm
climate versus in cold climate that was shown in
the present study. Firstly, during warm climate
(peak of activity in early and middle summer)
occur abundance of activation for the parasitic
stages of ticks and other arthropods (fleas and
lice) that may share in transmitting C. burnetii
between different sheep populations in Menoufiya
governorate. Secondly, sheep are seasonal
breeders (short day breeders i.e. in winter
season) with the expected parturition time in end
of spring-early summer and females shed huge
amount of the bacterium C. burnetii around
parturition through infected birth fluids that are
rapidly desiccated to form infectious dust particles
by dry hot climate and become a potential source
of infection to other animals in the flock through
aerosolization and may be transferred to sheep in
other localities whereas increased rainfall in winter
season could increase the soil humidity so, the
amount of dust would become reduced
decreasing the dispersion of bacteria through air.

The obtained seroprevalence of anti-C.
burnetii antibodies in the examined patients in
relation to their sex was consistent with Kilic et al.
(2008) who reported a higher seroprevalence of
anti-C. burnetii phase Il 1gG antibodies among
males 92.35% (555 out of 601) versus a
seroprevalence rate of 7.65% (46 out of 601)
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among females in Turkey and Wardrop et al.
(2016) showed a higher seroprevalence rate
3.37% (31 out of 919) among males in Kenya than
1.95% (21 out of 1078) among females. On the
contrary, Samaha et al. (2012) found the
seroprevalence was somewhat higher among
females 70% (24 out of 34) than among males
69% (11 out of 16) among apparently healthy
humans examined in Behera governorate, Egypt.
Moreover, Abushahba et al. (2017) found a higher
seroprevalence of phase Il IgG antibodies 46.15%
(6 out of 13) among females in comparison with a
seroprevalence of 13.64% (3 out of 22) among
males in ElI Minya governorate, Egypt. and
Mostafavi et al. (2019) showed that the
seroprevalence was higher among females
37.93% (33 out of 87) than among males 30.36%
(85 out of 280). The slightly increased
seroprevalence among men than among women
would be explained by many facts. Firstly, there
were more men performing livestock obstetrical
work in farms and clinics than women. Secondly,
there were more men involved in slaughter
houses than women. Thirdly, the
female sex hormone (17-beta-estradiol) showed a
protective  effect for women  against C.
burnetii (Chang et al., 2017).

Regarding the human age, the obtained result
was supported by Kilic et al. (2008) who showed
that the seroprevalence of anti-C. burnetii phase I
IgG antibodies in Turkey was higher 39.16% (56
out of 143) among age group (40-61 years) than
30.13% (138 out of 458) among age group (18-39
years) and Abushahba et al., (2017) who
presented a higher seroprevalence rate 31.25% (5
out of 16) among age group (40-63 years) versus
21.05% (4 out of 19) among age group (15-39
years) in El Minya governorate, Egypt. On the
other hand, Samaha et al., (2012) declared a
relatively high seroprevalence of phase Il 1gG
antibodies 69% (9 out of 13) among the age group
< 30 years versus a seroprevalence rate of 62%
(13 out of 21) among age group (45- >60 years) in
Behera governorate, Egypt. Furthermore, the
highest seroprevalence rate of anti-C. burnetii
phase Il IgG antibodies was 3.97% (34 out of 856)
among age group (5-14 years) in comparison with
a seroprevalence of 2.16% (8 out of 371) among
age group (15-24 vyears) and the Ileast
seroprevalence of 1.22% (10 out of 822) among
age group = 25 years in Kenya (Wardrop et al.
2016).

The highest seroprevalence rate among age
group (41-60 years) that was obtained in the
current study could be explained by the fact that

this age group was the most one with longer
exposure time to sources of infection in slaughter
houses and farms with higher contact with
infected farm animals and soil during different
rural activities followed by the age group of (61-80
years) where the aged un-employed individuals
were located since they had changes in their
inflammatory and immune systems that could
produce reactivation of persistent Q fever inside
their body cells (Gonzalez-Quijada et al. 2015).

Regarding the prevalent climatic conditions
during human sampling, the obtained result was
consistent with Chen et al. (2008) who revealed
that the incidence of acute Q fever, murine typhus
and scrub typhus in Taiwan was higher 78.57%
(22 out of 28) among patients in warm climate
versus to the incidence of 21.43% (6 out of 28)
among patients examined in cold climate and Lai
et al. (2009) who showed that the incidence of Q
fever in Taiwan was higher 77.94% (53 out of 68)
during warm climate in comparison with the
incidence of 22.06% (15 out of 68) that prevailed
during cold climate. The increased infestation
activity of ticks and other arthropods, increased
field activities of humans and increased activity of
animal reservoirs during warm seasons that was
shown by the fact that sheep and goats (the main
reservoirs of Q fever) are seasonal breeders
where the infected pregnant females shed large
numbers of the bacterium C. burnetii mainly
around  parturiton  time  which  become
concentrated during late spring and early summer
so, the risk of exposure of individuals to C.
burnetii is higher during warm climate than during
cold climate.

Concerning the immunological status of the
examined patients, the obtained result was in a
harmony with that of Boschini et al. (1999) who
revealed through their study on risk factors of
acquiring Q fever during two large outbreaks in
Italy that the seroprevalence ratio for Q fever was
higher 45.92% (107 out of 233) and 5.63% (17 out
of 302) among HIV seropositive individuals in
comparison with seroprevalence ratios of 25.14%
(90 out of 358) and 4.72% (21 out of 445) among
HIV seronegative individuals during 1987 and
1988, respectively. Furthermore, Lai et al. (2007)
represented the Q fever seroprevalence ratio was
higher 81.25% (13 out of 16) among individuals
with both hepatitis B and hepatitis C viruses in
Taiwan versus a seroprevalence ratio of 78.57%
(33 out of 42) among individuals with neither of
HBYV nor HCV.

Current reports about HIV-associated Q fever
pneumonia are  somewhat limited and
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underrepresented. However, HIV seropositive
individuals were reported to acquire Q fever more
frequently than the general healthy population
according to the ability of C. burnetii to replicate in
large numbers in the acidic phagolysosome of the
immunosuppressed hosts (Madariaga et al. 2004).
In addition, C. burnetii can produce hepatitis as it
is or may share other causative agents leading to
hepatitis. In general, replication of C. burnetii is
shown to be elevated in patients with
immunocompromised status (such as: HCV and
HBV infections).  However, the clinical
manifestations of acute Q fever hepatitis in
patients with and those without viral hepatitis are
very similar (Melenotte et al., 2018).

By studying the effect of smoking as a risk
factor for acquiring Q fever, the obtained result in
the current study was consistent with the findings
of Orr et al. (2006) who showed that the incidence
of Q fever in Southwest England and Northern
Ireland in the period from 2002 to 2004 was
higher 29.41% (10 out of 34) among smokers than
the incidence of 20.59% (7 out of 34) among
humans who never smoked and Fenga et al.,
(2015) who illustrated through their study on
Italian humans that the seroprevalence of phase I
IgG antibodies against C. burnetii was higher
63.64% (28 out of 44) among smokers versus a
seroprevalence rate of 62.5% (60 out of 96)
among non-smokers. On the contrary, Karki et al.,
(2015) reported that the incidence of Q fever per
100,000 persons per year was 3.7% (27 out of
718,838) among humans who never tried smoking
in comparison with an incidence rate of 3.4% (18
out of 529,243) among those who had the habit of
smoking in Australia. Smoking causes respiratory
distress since it causes adverse mechanical
effects on the respiratory mucosa and it causes
also adverse structural and functional effects on
the individual immune response
(immunomodulation) promoting the invasion of C.
burnetii to respiratory macrophages (van der Hoek
et al., 2012).

Furthermore, the obtained seroprevalence of
anti-C. burnetii phase 1l 1gG antibodies among
patients with history of contact with water bodies
was in agreement with the findings of Orr et al.,
(2006) who showed that the incidence of Q fever
in Southwest England and Northern Ireland was
higher 26.47% (9 out of 34) among humans in
contact with water sources via swimming, water
sport and other pictures of contact with rivers and
lakes versus an incidence of 19.48% (15 out of
77) among humans with no contact with water
sources. In addition, swimming in rivers in

Nicaragua was illustrated as a risk factor for
acquiring rickettsial diseases and Q fever since a
higher percentage of humans with history of
swimming in rivers 29.41% (10 out of 34) had
antibodies against rickettsial diseases and Q fever
versus a percentage of 11.06% (79 out of 714) of
those with no rickettsial nor Q fever infections
(Reller et al. 2016). Contact with water bodies was
presented as a main risk factor for acquiring Q
fever as a result of the fact that humans get rid of
the waste water from animal farms, the infected
animal placentas and other infected animal
excrements by throwing them into stream water
and rivers enabling the survival of biological C.
burnetii in the free-living water amoebae for long
time (Schets et al., 2013).

The role of doctors is no longer limited for
waiting the disease occurrence and then giving
medications (Singh, 2010). As a result, different
apparent clinical and laboratory findings were
noticed among the examined patients to help
doctors for future suspecting, differential
diagnosing or even excluding the presence of the
disease among different patients.

Little reports are available worldwide about
the clinical presentations and laboratory findings
of acute Q fever. From these reports, Lai et al.
(2009) was in agreement with the obtained
findings of the current study since they noticed
that the higher ratios of clinical signs were 98%
(98 out of 100) for fever, 81% (81 out of 100) for
headache and 35% (35 out of 100) for cough
among patients with acute Q fever, murine typhus
and scrub typhus diseases in Taiwan in
comparison with ratios of 93.65% (118 out of 126)
for fever, 69.05% (87 out of 126) for headache
and 32.54% (41 out of 126) for cough among
patients with other diseases. In addition, they
showed a lower ratio of 16% (16 out of 100) for
skin rash among patients with acute Q fever,
murine typhus and scrub typhus diseases versus
a ratio of 30.16% (38 out of 126) for skin rash
among patients with other diseases. Moreover,
they declared through their study in Taiwan that
the ratios of laboratory findings such as
thrombocytopenia and increased liver enzymes
level were matched with the obtained findings of
the current study when they showed relatively
higher ratios: 69% (69 out of 100) of
thrombocytopenia, 94.90% (93 out of 98) of
increased ALT and 97% (97 out of 100) of
increased AST among patients with acute Q fever,
murine typhus and scrub typhus versus ratios of
57.94% (73 out of 126), 66.67% (80 out of 120)
and 70.34% (83 out of 118), respectively among
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patients with other diseases. On the contrary,
Esmaeili et al, (2017) declared that the
seroprevalence rate of anti-C. burnetii phase I
IgG antibodies was higher 14.63% (12 out of 82),
25% (2 out of 8) and 17.91% (12 out of 67) among
Q fever patients without cough, headache nor
atypical pneumonia, respectively versus ratios of
11.76% (4 out of 34) for cough, 12.96% (14 out of
108) for headache and 8.16% (4 out of 49) for
atypical pneumonia among Q fever Iranian
patients.

Concerning the molecular detection of C.
burneti DNA in the examined sheep blood,
human blood and tick pools samples by using
PCR. From several researches available about
Coxiella DNA in sheep blood, relatively higher
rates were documented as: 69.33% (113 out of
163) in Canada (Hazlett et al., 2013), 36% (72 out
of 200) in Turkey (Parin and Kaya, 2015) and
91.3% (21 out of 23) in Qaluobia governorate,
Egypt (Khalifa et al. 2016). On the contrary, lower
rates were reported about Coxiella DNA in sheep
blood as: 4.38% (6 out of 137) in France
(Cardinale et al. 2014) and 0% (0 out of 22) in
Saudi Arabia (Mohammed et al. 2014).

In human individuals, the obtained PCR
positivity was consistent with Melenotte et al.,
(2018) who showed a PCR positivity of 8.70%
(142 out of 1,632) in France. Lower PCR positivity
rates were declared in six African countries such
as: 0.48% (6 out of 1,238) in Senegal, 0.37% (1
out of 268) in Algeria, 0% (0 out of 184) in Tunisia,
0% (0 out of 100) in Mali, 0% (0 out of 50) in
Gabon, 0% (0 out of 48) in Morocco (Angelakis et
al., 2014). On the other hand, Zhang et al., (1998)
presented a higher PCR positivity rate of 57.25%
(146 out of 255) in Japan and Khalifa et al. (2016)
reported a PCR positivity rate of 57.14% (4 out of
7) in Qaluobia governorate, Egypt. The available
studies on C. burnetii DNA in sheep and humans
are very low since most of the specific different
antibodies against C. burnetii such as IgG-Il, IgM-I
and 1gG-l1 antibodies appear with coinciding
disappearance of circulating C. burnetii DNA
showing the importance of serologic profiles for
distinguishing the infection whereas PCR is time
dependent and become non-valuable with time
passes (Lucchese et al., 2015).

In ticks, the obtained PCR positivity was in
agreement with the findings of Sulyok et al. (2014)
who showed in their studies on ticks a prevalence
rate of: 10.81% (32 out of 296) in Ethiopia. On the
contrary, lower C. burnetii prevalence rates were
illustrated as: 1.96% (20 out of 1,019) in Egypt
(Loftis et al. 2006) and 5.78% (10 out of 173) in

Malaysia (Nurkunasegran et al. 2017). On the
other hand, relatively higher prevalence rates
among ticks were documented as: 37.59% (50 out
of 133) in Senegal (Mediannikov et al., 2010) and
89.09% (49 out of 55) in Malaysia (Khoo et al.,
2016). In addition, Ghashghaei et al., (2017)
reported a higher C. burnetii prevalence rate of
62.88% (83 out of 132) in Iran. In the enzootic
cycle of C. burnetii, ticks are considered as
important components. PCR was considered
more sensitive and specific diagnostic tool for C.
burnetii infection in ticks than serological
techniques (Eldin et al., 2017). The relative low
prevalence of C. burneti among ticks in
Menoufiya governorate could be referred to
increased urbanization, application of highly
improved hygienic measures in the animal
husbandry through increasing the intensive
treatment of infested animals with drugs as:
(lvermectin) in association with application of
acaricidals as: (Deltamethrin  1%) to the
surrounding environment at 14 days intervals for
tick control under field conditions. As well,
application of policy of destruction of stray dogs
within whole the governorate.

The result of the present study concerning R.
microplus was somewhat consistent with that of
Mediannikov et al., (2010) who demonstrated a
PCR positivity of 20% (1 out of 5) among pools of
R. microplus in Senegal whereas Trinachartvanit
et al., (2018) showed a C. burnetii prevalence rate
of 0% (0 out of 14) among R. microplus species in
Thailand. On the other side, the obtained result of
R. sanguineus species (brown dog ticks) was in
agreement with results of Bogunovi¢ et al. (2018)
who illustrated a C. burnetii prevalence of 10.53%
(24 out of 228) in Serbia and Khalili et al. (2018)
who reported a C. burnetii prevalence of 12.5% (1
out of 8) in Iran. On the contrary, a high
prevalence rate of C. burnetii was declared
among brown dog ticks as: 59.09% (26 out of 44)
in Malaysia (Watanabe et al., 2015). However,
Fard and Khalili (2011) represented a lower
prevalence of C. burnetii 2.86% (1 out of 35)
among pools of brown dog ticks in Iran that still far
away from the result presented by Oskam et al.,
(2017) who failed to found any C. burnetti among
brown dog ticks examined in Australia.

The obtained non-significant association
between prevalence of C. burneti and the
different examined tick species would be referred
to the fact that the association between ticks and
C. burnetii is universal across tick species and
geographical boundaries. Ticks are natural
Coxiella vectors that can transmit the infection to
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different populations within different continents
(Duron et al. ,2015).

Regarding sex of tick pools, the obtained
result was consistent with Ghashghaei et al.
(2017) who declared a higher C. burnetii
prevalence rate 62.88% (83 out of 132) among
female ticks in comparison with 50.4% (63 out of
125) among male ticks in Iran. On the other hand,
Watanabe et al., (2015) showed the prevalence
percentage of C. burnetii was the same among
female ticks 80% (24 out of 30) and among males
80% (12 out of 15) in Malaysia. As well,
Bogunovi¢ et al. (2018) noted that the male ticks
had a higher prevalence rate of C. burnetii
22.37% (51 out of 228) versus a prevalence rate
of 17.54% (40 out of 228) among female ticks in
Serbia. The increased prevalence of C. burnetii
among tick females than among tick males that
was noticed in the current study could be referred
to the fact that C. burnetii organisms has a clear
tissue tropism to Malpighian tubules and ovaries
of females and can also be maternally transmitted
through tick generations. As well, female ticks can
start feeding early on different animals even in the
absence of male ticks (Watanabe et al. 2015).

Concerning the prevalent climatic conditions
during ticks sampling, the obtained result was
consistent with that of Fard et al., (2016) who
represented through their studied on ticks in Iran
that the majority of C. burnetii infested ticks
79.67% (239 out of 300) was collected in warm
climate (from late March to early September) in
comparison with 30.22% (68 out of 225) among
ticks collected in cold climate (from late
September to early March) and Ghashghaei et al.,
(2017) who detected also that the cattle ticks
which collected in warm climate in Iran had a
higher prevalence of C. burnetii 80.95% (119 out
of 147) than the prevalence rate of 24.55% (27
out of 110) among ticks collected in cold climate.
The higher prevalence of C. burnetii among ticks
collected in warm climate than among those
collected in cold climate could be referred to the
fact that the life cycle of ticks involves stage of
larvae that are naturally predominate from late
summer to early winter (peack of activity in
autumn) followed by stage of nymphs that are
naturally predominate from early winter to early
spring (peack of activity in middle Winter) and
finally the adult stage (that were chosen in the
current study) that predominates during spring
and summer (peak of activity in early and middle
summer) (Seo et al.,, 2016) so, warm climate
provides a suitable condition for growth of adult
ticks since increasing temperature and humidity

stimulate the activity and prevalence of suckling
adults.

CONCLUSION

We can conclude that Q fever is a potential
zoonosis in Menoufiya governorate, Egypt and the
risk of the disease transmission to humans
couldn’t be neglected. Prevention of Q fever in
humans mainly depends on the prevention of the
disease in animal populations and tick control. In
addition, health education of the public about the
danger of Q fever, its mode of spread, risk factors
of acquiring it and methods of control are critical
steps to eliminate the infection in the governorate.
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