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Abstract
Q-fever is a worldwide spread zoonotic disease associated with severe illness in humans and abortions and stillbirths in rumi-
nants. Ruminants are major sources of human infection where subclinical carriers shed the bacteria in various secretions and
excreta. The goal of the current study was to investigate the prevalence and risk factors of Coxiella burnetii infection among
cattle, sheep, and goats in the eastern province of the Kingdom of Saudi Arabia (KSA). A total of 1310 serum samples were
collected through a designed cross-sectional study from private farms and slaughterhouses in the study area and examined against
antibodies of C. burnetii using ELISA. A multivariate logistic regression analysis was built to detect risk factors of C. burnetii
infection among examined species. The prevalence ofC. burnetii infection among examined animals was 9.2% (CI, 7.7–10.8)—
15.6%, 9.1%, and 5.8% among goats, cattle, and sheep, respectively). The risk of getting C. burnetii infection among old animals
(> 1 year old) was 23 times higher than the risk among young animals (< 1 year old) (95%CI, 10.04–53.01;P < 0.01). Goats were
2.27 (95% CI, 1.41–3.66; P < 0.01) and 3 times at higher risk than cattle and sheep, respectively, of getting C. burnetii infection.
In conclusion, C. burnetii infection is widespread among different ruminant species of the eastern province of KSA which
represents a high risk for environmental contamination and disseminating the infection to humans and animal species in that area.
Also, our findings may reflect the disease status in other countries of the Arabian Gulf area.
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Introduction

Q-fever is an endemic zoonotic disease in many parts of the
world caused by Gram-negative bacterium, Coxiella burnetii
(Eldin et al. 2017). The acute form of Q-fever in humans is

mostly self-limiting and flu-like illness, while the chronic
form lasts symptomless for a long time followed by endocar-
ditis, chronic hepatitis, and pulmonary infection (Maurin and
Raoult 1999). Chronic endocarditis is fatal in most cases as
reported by Rolain et al. (2005). These initial unclear symp-
toms of human Q-fever is responsible for the underestimation
the burden of such disease by health authorities who treat such
case as fever of unknown origin without neither routine testing
nor available diagnostic tools (Anderson et al. 2011).

The prevalence of active recent or chronic infection with
C. burnetii among domestic ruminants in developing coun-
tries is estimated to be around 25% and these ruminants are
considered principal sources of infection to humans in con-
tacts (Ruiz-Fons et al. 2010; Eldin et al. 2017). The disease in
ruminants is associated with late-term abortion especially in
sheep and goats accompanied by secretion of a large number
of C. burnetii in placentas, urine, and milk which resulted in
environmental contamination and disseminating the infection
to other animals and humans (Van den Brom et al. 2012).
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Goats were incriminated as the main source of a major epi-
demic of Q-fever in 4000 people in the Netherlands
(Schimmer et al. 2009).

Q-fever was confirmed as an endemic disease in the Saudi
population for the first time in the1960s; thereafter, in the
following 50 years, studies on Q-fever in the Kingdom of
Saudi Arabia (KSA) are very scarce among human and animal
populations (Jarelnabi et al. 2018). Only five human cases of
Q-fever endocarditis in 2007 and 2012 (Angelakis et al. 2014)
and 18 cases with specific IgG antibodies to phase II of
C. burnetii were detected between 2011 and 2013 by
Almogren et al. (2013). In animals, Q-fever was reported in
wild desert ungulates, camels, and domestic ruminants
(Hussein et al. 2008; Hussein et al. 2012; Mohammed et al.
2014). Recently, Jarelnabi et al. (2018) reported the overall
seroprevalence among ruminants in the central areas of KSA
as 30.71% (30.67%, 34.04%, 12.38%, and 51.53% in cows,
goats, sheep, and camels, respectively). This latter study con-
cluded that domestic ruminants including camel are responsi-
ble for Q-fever endemicity in the KSA.

The scarce studies on Q-fever in KSA domestic ruminants
were carried out in locally restricted areas (Jouf, Kharj, and
Riyadh) of the Kingdom. There are no studies found on the Q-
fever epidemiology in the eastern province of KSA; the area is
very wide and has a very strong geographic connection with
all or other Arabic Gulf area countries. Therefore, the under-
standing of Q-fever epidemiology in such an area may reflect
the disease situation in all other nearby countries. So, the
objectives of the current study are first to estimate the preva-
lence of Q-fever among different ruminant species in the east-
ern province of KSA for the first time up to our knowledge
and second to identify risk factors for Q-fever infection among
these ruminant species.

Materials and methods

Study area

The study area included the eastern province of KSA: Al-
Hassa, Dammam, and Qatif (Fig. 1). Al-Hassa is the largest
governorate in KSA eastern province, named after the Al-
Ahssa oasis which is located about 60 km inland from the
Arabs Gulf. The oasis includes the giant Empty Quarter desert
that connects KSA to Gulf area countries such as UAE, Qatar,
and Oman. Qatif is an urban governorate of the Eastern
Province, KAS, which extends from Ras Tanura and Jubail
in the north to Dammam in the south. It extends also from
King Fahd International Airport in the west to the ArabGulf in
the east. The largest town in the eastern province is Dammam,
which considered the fifth largest in KSA, after Riyadh,
Jeddah, Mecca, and Medina. Dammam has a hot desert cli-
mate especially in summer when the temperature exceeds

40 °C. On the other hand, the winter temperatures in
Dammam ranged from mild to warm and the rainfall is gen-
erally sparse usually takes place in small amounts in
December.

Sample size estimation

Each animal species, cattle, sheep, and goat, is considered a
separate population. The numbers of samples in each animal
were calculated according to Thrusfields and Christy (2018)
after the formula

n ¼ t2 � p 1−pð Þ=m2

where n is the required sample size; t is the confidence level at
95% (standard value of 1.96); p is the expected prevalence of
Q-fever in the region, 30% following recent study in KSA
(Jarelnabi et al. 2018); and m is the margin of error at 5%
(standard value of 0.05). The resulted sample size for each
animal species was estimated at 322 animals, 966 in total. In
the current study, we increased slightly the sample size to be
1310 animals—432 for cattle, 571 for sheep, and 307 for goat.

The eastern province has organized farms mostly in the Al
Qatif region mainly and Al-Hassa region which have cows
and sheep and animals are breed in these closed farms without
contact with other farms or free movable flocks and with ad-
equate hygienic measures. The total numbers of cattle and
sheep in these farms are 157,530 and 710,249, respectively.
This eastern province also has 3 large slaughterhouses for all
animal species—2 in Al-Hassa and one in Dammam—and the
total numbers of animals slaughtered in 2018 were 55,089
cows, 1,153,091 sheep, and 205,701 goats. The total number
of samples was stratified between farms and slaughterhouses,
proportional to the total number in each source, 500 and 799,
respectively. Sampled animals were equally distributed to the
3 slaughterhouses and sampled animals from farms were
equally distributed between 15 farms in Al-Hassa and 30 in
Al Qatif regions. The total number of samples collected from
different locations, farms, and slaughterhouses is shown in
Table 1. The selection of animals in farms was done randomly
by passing animals from a gate and selecting an animal after a
fixed number of animal pass the gate; we divide the total
number of animals in the farm by the total number of samples
required from this farm and the obtained figure was set as the
fixed number. In the slaughterhouses, we collect the required
number of samples without a specific regime.

Collection of blood serum samples and serological
examination

Blood was collected from the jugular vein and serum was
separated and collected by centrifugation at 4000 rpm for
20 min. Finally, the sera were stored at 20 °C with a complete
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data label until use. All sera samples were examined against
C. burnetii using the CHEKIT Q-FEVER ELISA Test Kit
which was supplied from IDEXX Europe B.V. Scorpius 60
Building F Hoofddorp, 2132 LR, Netherlands.

Epidemiological investigation

The prevalence and 95% CI were estimated following
Thrusfields and Christy (2018). Two models for risk factor
identification were built; the first model was built for each
animal species separately, and the second model was built

for all species together. In the first model, data on each animal
species attributes including sex, age, breed, location, and
source were collected at the time of blood sampling. The as-
sociation between seropositivity and these animal attributes
was identified individually for each species using a univariate
logistic regression analysis model that was carried out in IBM
SPSS Statistics for Windows version 21.0 (IBM SPSS Inc.,
Armonk, NY).

In the second model, the association between some animal
attributes (age, location, source, and species) and seropositiv-
ity to C. burnetii infection to all animal species together was
examined using a multivariate logistic regression model.
Breed and sex were not incorporated into such a model be-
cause of lacking individual animal identification for both of
these attributes. Initially, a univariate model was built to de-
termine the association between each of the animal attributes
with C. burnetii infection status. Non-significant associated
attributes with C. burnetii infection status at P > 0.2 were
not included in the final multivariate model. If there is a sig-
nificant correlation between variables, the mostly judged
probable biological variable was kept in the multivariate.

The multivariate logistic regression model equation is

Logit Q−feverð Þ ¼ β0 þ β1 Ageþ β2 speciesþ β3 sourceþ β4 location

where exp. (β) is the odds ratio.

Table 1 Total number of sera samples collected from cattle sheep and
goat from Al-Hassa, Qatif, and Dammam

Area Group Cattle Sheep Goat Total

Al-Hassa Slaughterhouse 143 250 92 485

Farms 67 91 19 177

Qatif Slaughterhouse – – – –

Farms 148 93 93 334

Dammam Slaughterhouse 74 137 103 314

Farms – – – –

Total 432 571 307 1310
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Fig. 1 Map of Saudi Arabia showing the administrative boundaries of the eastern region highlighted in dark gray color



Variables with P < 0.05 were kept in the final model after a
manual backward selection approach was used and all two-
way interactions between these retained variables were
assessed. Testing for confounder was performed by checking
the change of logit of variables by removing a suspected var-
iable from the model.

Results

Results of prevalence estimation showed that 120 out of 1310
animals examined against Q-fever were positive (9.2% and CI
7.7–10.8). The prevalence of infection withC. burnetii among
examined animals was 15.6% and CI 11.9–20.3, 9.1% and CI
6.7–12.1, and 5.8% and Cl 4.2–8.1 among goats, cattle, and
sheep, respectively.

The results of risk factor identification among each animal
species are shown in Table 2. The risk of getting C. burnetii
infection among cows in Al-Hassa province was significantly
higher than in other areas while sheep and goats in Al Qatif
province had a significantly higher risk of getting the infection
other than other areas. Sex was not considered a risk factor for
infection with C. burnetii among goats, while female cows
and male sheep were at significantly high risk of getting
C. burnetii infection. Animal younger than 1 year old had a
significantly lower risk of getting an infection withC. burnetii
among all animal species. The prevalence of infection with
C. burnetii was significantly different among different breeds
of each animal species.

The results of univariate analysis for the association be-
tween different animal attributes and the seropositivity status
to C. burnetii infection showed in Table 3. Age was reordered
to 2 categories: < 1 year old and > 1 year old. The prevalence
of infection in Al-Hassa was significantly lower than that in Al
Qatif and Al Dammam regions. On the other hand, animals
sampled from the slaughterhouse, older than 1 year old, and
goats had a significantly higher odds ratio of getting
C. burnetii infection than animals sampled from farms, youn-
ger than 1 year old, and cows and sheep, respectively.

The source variable was correlated significantly with all
other variables. Also, the location variable was significant-
ly correlated with the age variable. Therefore, both the lo-
cation and the source variables were not incorporated into
the final multivariable model. This final model was built
with 2 variables: age and species. The results of the multi-
variable analysis are shown in Table 4. The results showed
that the risk of getting an infection with C. burnetii among
animals older than 1 year is 23 times more than that among
young animals (95% CI, 10.04–53.01, and P < 0.01). Goats
were at risk of getting C. burnetii infection 2.27 (95% CI,
1.41–3.66, and P < 0.01) times more than cows and almost
3 times more than sheep.

Discussion

This cross-sectional study is the first nationwide, up to our
knowledge, to provide a comprehensive understanding of
the epidemiology of C. burnetii infection among cattle, sheep,
and goats in the eastern province of KSA. The results of the
current study cleared the endemic situation of Q-fever among
domestic ruminants in the eastern region of KSA at a preva-
lence of 9.2%. Obscure signs of Q-fever in humans and ani-
mals and its public and animal health consequences declared
the importance of the current survey and its obtained preva-
lence data which is important for concerned authorities for
applying preventive and control practices.

In the current study, Q-fever seroprevalence in sheep is
5.8%; a higher prevalence (12.38%) was recorded recently
in sheep in the KSA but in regions other than the eastern
region considered in this study (Jarelnabi et al. 2018). In the
neighboring countries, higher prevalences of Q-fever among
sheep were reported: 20% in the southern Marmara of Turkey
(Kennerman et al. 2010) and 36.6%, 43.3%, and 19.6% in the
western desert, Nile Valley, and eastern desert, respectively
(Klemmer et al. 2018). This difference of disease prevalence
in the current study from the neighboring countries’ studies
may be attributed to the husbandry system (sheep in the east-
ern province especially Qatif region are breed in closed orga-
nized farms like cows with no exposure to free movable
flocks), the specific geographical characteristics with the cli-
matic conditions, and the density of animal population in each
area (Asadi et al. 2013; Klemmer et al. 2018).

The obtained seroprevalence of infection with C. burnetii
in goat was 15.6%. A similar prevalence estimate was record-
ed in Iran by Asadi et al. (2013). These results support the
findings of Schimmer et al. (2009) for goats being incriminat-
ed as the most probable source of a major human outbreak of
Q-fever. The free movement of goats’ flocks represents a ma-
jor source for environmental contamination and consequently
spread the infection between different areas.

The seroprevalence ofC. burnetii infection in cattle record-
ed in our study was 9.1%; a higher seroprevalence (51%) was
reported in other regions of the KSA (Jouf, Kharj, and
Riyadh). In Egypt, Gwida et al. (2014) recorded 13.2% sero-
prevalence of C. burnetii in cattle, while Klemmer et al.
(2018) reported 19.3% seroprevalence. The low prevalence
obtained alsomay be attributed to the same reasons mentioned
before especially the very high temperature in the study area
and also the system of cows’ breeding in organized farms with
no exposure to free movable flocks minimizes the exposure of
cows to environmental pathogens. This cow’s prevalence may
indicate the high risk of transmission of C. burnetii to humans
who consume the milk of these cows.

The results of risk factor identification among each animal
species showed that female cows and male sheep were at
significantly high risk of infection with C. burnetii. Mazeri
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et al. (2013) showed that pooled Q-fever seroprevalence
among females was higher than among males. In Cameroon,
the seroprevalence of C. burnetii was higher in female cows
(Cetinkaya et al. 2000). The causes of higher seroprevalence
among females than males could be thatC. burnetii has a high

affinity for the mammary glands and uterus, and so large
numbers of C. burnetii are found in these tissues (Cetinkaya
et al. 2000).

Risk factor detection showed a widespread infection in
slaughterhouses than farms. Animals in slaughterhouses could

Table 2 Results of univariate
logistic regression analysis for
risk factors identification for
C. burnetii infection among cows,
sheep, and goats in Saudi Arabia
Kingdom

Species Variable Number
tested

Number
positive

P value OR 95% CI

Cattle Location Al-Hassa 210 39 – – –

Al Qatif 148 0 0.003 0.015 0.001–0.240

Dammam 74 0 0.004 0.016 0.001–0.270

Breed Friesian 361 39 – – –

Hassawi 71 0 0.045 0.06 0.004–0.940

Sex Male 223 2 – – –

Female 209 37 0.001 23.23 5.25–97.72

Source Farms 215 6 – –

Slaughter
house

217 33 0.006 4.73 1.94–11.51

Age < 1 year 190 2 – – –

1–2 years 52 5 0.16 10.00 1.88–53.15

> 2 years 190 32 0.001 19.04 4.49–80.69

Sheep Location Al-Hassa 341 14 – –

Al Qatif 93 11 0.007 3.13 1.37–7.16

Dammam 137 8 0.420 1.45 0.59–3.53

Breed Awassi 375 1 – –

Swaken 109 10 0.001 37.78 4.77–298.56

Blackhead 59 19 0.001 145.9 18.68–1362.4

Dorper 28 3 0.001 93.49 10.8–808.18

Sex Male 439 33 – – –

Female 132 0 0.03 0.05 0.003–0.75

Source Farms 184 11 – – –

Slaughter
house

387 22 0.88 0.95 0.45–1.99

Age < 1 year 308 1 – – –

1–2 years 220 32 0.001 52.25 7.08–385.59

> 2 years 43 0 0.601 2.35 0.09–58.76

Goats Location Al-Hassa 111 7 – – –

Al Qatif 93 36 0.001 9.38 3.92–22.43

Dammam 103 5 0.006 0.76 0.23–2.47

Breed Ardi 200 9 – – –

Omani 17 9 0.001 23.88 7.46–76.44

Shami 4 0 0.59 2.23 0.11–44.69

Somali 86 30 0.001 11.36 5.09–25.36

Sex Male 254 39 – – –

Female 53 9 0.767 1.12 0.52–2.49

Source Farms 112 38 – – –

Slaughter
house

195 10 0.001 0.11 0.05–0.22

Age < 1 year 154 3 – –

1–2 years 137 43 0.001 22.78 6.87–75.51

> 2 years 16 2 0.618 7.20 1.11–46.71
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be reared in close farms or belonged to movable flocks and
these latter animals may have more chance to be exposed to
environmental pathogens. This finding also highlights the risk
of zoonotic transmission of infection to humans in contact.

The results of the multivariable analysis showed that the risk
of getting an infection with C. burnetii among animals animal
> 1 year of age is significantly higher than that among young
animals. These results are supported by Jarelnabi et al. (2018)
and Barlozzari et al. (2020) findings who recorded a signifi-
cantly higher seroprevalence of Q-fever among adults com-
pared with young animals and these findings may be due to
the increased likelihood of an old animal to be infected
(Anastácio et al. 2013). The univariate analysis showed that
sheep and goats of mid-age (1–2 years old) are at a very high
significant risk of being seropositive to Q-fever more than
younger or older animals and this agrees with the findings of
Kennerman et al. (2010) and Mc Caughey et al. (2010). This
latter finding may be attributed to the infection that occurs
frequently around the time of parturition and primiparous ewes
(1 year old) being at the direct chance of exposure to infection
due to abortion of infected nearby animals while older animals
experienced declining antibody responses after the moment of
infection. Furthermore, horizontal transmission is being the
predominant route of infection other than the vertical transmis-
sion of Q-fever and this may explain the low prevalence among
young animals (Mc Caughey et al. 2010).

Goats were at risk of getting C. burnetii infection 2.27
times more than cows and almost 3 times more than sheep.
These results agree with Akbarian et al. (2015) who recorded a
seroprevalence of C. burnetii among livestock in Afghanistan
as 43.4% for sheep, 52.7% for goats, and 5.2% for cattle. This
could be explained by small ruminants especially that goats
are kept in free-roaming village-based flocks with only limited
management. During the dry seasons, most of the animals
roam freely, but sheep stay closer to the villages than goats
and sheep are breed mainly in organized farms in the study
area. This might explain the difference in seropositivity be-
tween the two species (Kilic et al. 2005). The lower preva-
lence observed in cattle in this study may be due to the differ-
ences in the condition of livestock keeping where cattle are
kept in farms with adequate hygienic measures and without
contact with other farms. Moreover, cattle farms usually have
special calving pens where pregnant animals were isolated in
the late stage of pregnancy until giving birth, where other
cows have no contact with placentas and discharges of such
delivering animals.

The current study has certain limitations due to the lack of
accurate information on the numbers of animals stratified by
age and breed. This prevented us from following the stratified
sampling design for both of these 2 variables. We did not
expect that such a problem could affect our findings of young
aged animals being at low risk of being seropositive to Q-
fever. We expect that inflation of the number of sample size
in our study among young animals may confirm our finding of
them being at low risk to get an infection and this has been
concluded by other studies as mentioned before. The limited
sample size of some examined breeds in this study may affect
the conclusion that some breeds are more at risk of getting Q-
fever, and this point needs further and deep investigation. The
limitation of our study includes the usage of ELISA which
could not differentiate between the old and current infection
as it does not detect the IgM. Therefore, it is required in the
future to use a test which could detect the current infection to
identify precisely the risk factors of Q-fever infection. Finally,

Table 3 Results of univariate
logistic regression analysis for
risk factors identification for
C. burnetii infection among
different ruminant species in
Saudi Arabia Kingdom

Variable Number tested Number positive P value OR 95% CI

Location Al-Hassa 662 60 – – –

Al Qatif 334 47 < 0.01 1.64 1.10–2.47

Dammam 314 13 < 0.01 0.433 0.23–0.80

Source Slaughter houses 799 65 – –

Farms 511 55 0.11 1.36 0.93–1.99

Age < 1 year 652 6 – – –

> 1 year 658 114 < 0.01 22.49 9.82–51.50

Species Cows 432 39 – –

Sheep 571 33 < 0.01 0.62 0.38–1.00

Goats 307 48 < 0.01 1.78 1.19–2.93

Table 4 Results of multivariate logistic regression analysis for
identification of risk factors for C. burnetii infection among different
ruminant species in Saudi Arabia Kingdom

Variable P value OR 95% CI

Age < 1 year – – –

> 1 year < 0.01 23.1 10.04–53.01

Species Cows – –

Sheep 0.22 0.73 0.45–1.21

Goats < 0.01 2.27 1.41–3.66
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we sampled more male animals than female animals and this
could affect the estimated prevalence as we showed in our
results that females are at high risk of being seropositive to
Q-fever. This latter part is attributed mainly to the fact that
most of the animals admitted to slaughterhouses are males and
this point has to be considered in future work.

In conclusion, Q-fever is widely spread among domestic
ruminants of the eastern province of KSA especially goats
which constitute a high risk factor for contaminating the en-
vironment with C. burnetii infection within flocks and be-
tween different areas. Therefore, the public and animal and
health authorities should prioritize Q-fever in their epidemio-
logical surveys and diagnosis. The results obtained may be
extrapolated to other nearby countries with close animal hus-
bandry systems.
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