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Abstract

This large-scale cross-sectional study was conducted to determine the prevalence, geographical
distribution, and risk factors for the presence of antibodies against Coxiella burnetiiin bulk tank
milk derived from dairy cattle, sheep, and goats in Jordan. Bulk milk samples were collected from
78 dairy cattle, 48 sheep, and 23 goat farms from various places in Jordan according to the density
of these animal species in each region of the country. The samples were tested for C. burnetii
antibodies using the CHEKIT Q-Fever Antibody ELISA kit. A standardized questionnaire was
also used to collect data from each farm to identify and rank the risk factors for the presence of C.
burnetii antibodies. The results revealed that 62.9% (95% confidence interval: 55.1 t070.0%) of
the tested ruminant farms were positive for C. burnetii antibodies. Positive results were obtained
from 70.9% (60.6 t079.5%) of dairy cattle farms, 52.1% (38.3 to 65.5%) of sheep farms, and
56.0% (37.1 to 73.3%) of goat farms. Six factors were associated with the presence of these
antibodies on cattle farms, and five factors were associated with these antibodies on sheep and
goat farms (chi-square test). The multivariate logistic regression model revealed that large dairy
cattle farms, farms that add new animals to the herd, farms that infrequently clean the feeders, and
farms in particular areas are 28.6, 19.9, 8.0, and 6.4 times more likely, respectively, to have
animals with C. burnetii antibodies. Sheep and goat farms that mix their animals with those from
other farms, graze more than 5 km, and infrequently sanitize the feeders were 8.0, 0.06, and 13.6
times more likely, respectively, to have animals with C. burnetii antibodies. These data reveal the
widespread exposure of Jordanian ruminants to C. burnetii and suggest a high risk for public
health.
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Q fever is a zoonotic disease that is caused by the gramnegative bacterium Coxiella burnetii
and can result in significant morbidity and mortality in human populations (7, 28). Infection
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with C. burnetii can also cause significant reproductive problems in some animal species. C.
burnetii is transmitted to humans from animals via inhalation of aerosolized contaminated
animal waste products. This pathogen can reach high levels in the placenta and birth
products and is very stable in the environment because it forms a spore-like cell type known
as the small cell variant, which resists harsh environmental conditions such as desiccation,
osmotic stress, UV light, and disinfectants and is able to spread by wind among adjacent
farms (10, 17, 29).

The animal reservoirs of C. burnetii are numerous and include many wild and domestic
mammals, birds, and arthropods (15, 33). However, the primary reservoirs associated with
human infection are cattle, sheep, and goats(23). Animals infected with C. burnetii usually
are asymptomatic, but when clinical disease occurs, it is manifested as late abortion and
reproductive disorders. However, animals can remain chronically infected and continue to
shed the organism in milk and during subsequent pregnancies (1, 5, 24).

Despite the plethora of reports on the prevalence of C. burnetii in various countries
worldwide, the majority of the published research was focused on the prevalence of serum
antibodies in dairy animals rather than prevalence of antibodies in milk (14). Little
information is available from small ruminants (sheep and goats) despite their significant role
in human outbreaks (14). Thus, serological analysis of bulk tank milk can provide valuable
and inexpensive information regarding herd exposure and prevalence of C. burnetiiand is
simpler to perform than serological tests on animal blood or serum (11, 12, 25, 31, 32, 39,
40, 45). A knowledge gap exists concerning the prevalence of C. burnetiiin animals in
Jordan and several Middle Eastern countries. This large-scale study was conducted to
investigate the prevalence of antibodies against C. burnetii and associated risk factors for
contamination with this pathogen in the milk of cattle, sheep, and goats in Jordan.

MATERIALS AND METHODS

Sample size.

Setting.

The prevalence of C.burnetii infection in Jordan is unknown. At an assumed prevalence of
0.5 with an allowable error (95% confidence interval [CI]) around the estimate of 0.1, the
required sample size would be 96 using the formula n=22p(1 - p)/c%. In the present study,
159 farms were included to increase the power of the analysis; 86 cattle, 48 sheep, and 25
goat farms were randomly selected from various regions of Jordan for milk sample
collection during 2015 and 2016.

No vaccination program for Q fever currently exists for animals in Jordan. This cross-
sectional study was designed to cover all 12 governorates of Jordan. Most (50 to 60%) of
dairy cattle in Jordan are located in Al-Dulail, a small area in the northeast, whereas sheep
and goat farms are spread throughout the country. Several farms randomly selected from
each governorate in Jordan were included in the study. In each governorate, selected
veterinarians helped with sample collection and administration of questionnaires because
these professionals have strong ties of trust with their farmer clients. This approach was used

J Food Prot. Author manuscript; available in PMC 2019 April 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

OBAIDAT and KERSH Page 3

Risk factors

Milk sample

to allow easier access for sample collection and to obtain accurate answers on the
questionnaire.

associated with C. burnetii infection.

A questionnaire was designed to collect data to assess the possible risk factors for C. burnetii
infection. The questionnaire included questions about farm demographics, management, and
disease incidence. The questionnaire was tested in a pilot study with a convenience sample
of five farms, and all modifications were made before the questionnaire was finalized. The
questionnaire was administered in Arabic by veterinarians took 5 min to complete. The
repeatability of the questionnaire was examined by giving the same farmers the
questionnaire in two forms: by face-to-face interview and by phone call. The repeatability
was determined by calculating the agreement between answers to three questions: (i) How
many animals are on your farm? (ii) Do you add or purchase new animals for your farm?
(iii) How often do you clean your farm? The kappa scores for each question were 0.93 (very
good),0.90 (very good), and 0.79 (good), respectively.

collection and testing for C. burnetii.

A 100-mL sample of bulk or commingled milk was aseptically collected in sterile containers
from each farm by trained veterinarians and transported daily under cold conditions in an ice
box to the Food Hygiene Laboratories (Faculty of \eterinary Medicine, Jordan University of
Science and Technology) for analysis.

Immediately upon arrival at the laboratory, the milk samples were centrifuged; the fat was
discarded, and the nonfat milk serum was kept at —20°C until tested. The milk serum was
tested for antibodies against C. burnetii using the Q-Fever Antibody Test Kit (product code
06-40669-04, IDEXX, Liebefeld-Bern, Switzerland) based on C. burnetii inactivated phase 1
and phase 2 antigens. This assay is considered superior, with higher sensitivity and
specificity than complement fixation tests (2, 14, 25, 35, 39, 48). The optical densities (ODs)
of all samples were determined in duplicate, averaged, and adjusted by subtracting the
negative control OD.

The results were expressed as S/P values, which were estimated as the ratio between the
sample (S) OD and the positive control (P) OD. The positive control was included in the test
kit. The S/P values were estimated on a continuous scale with a theoretical range from zero
to 8. According to the IDEXX instructions, an S/Pvalue of <30% is considered negative, a
value of 240% is considered positive, and values of 30 to 40% are considered intermediate.

Data management and statistical analyses.

The data were entered into an Excel (Microsoft, Redmond, WA) spreadsheet and analyzed
using SPSS 2011, version 20 (SPSS Corp., IBM, Armonk, NY). A univariate analysis using
a chi-square test was performed to determine the associations between a Q fever antibody—
positive result (outcome variable) and potential risk factors. Potential risk factors with P <
0.25 (two tailed; alpha=0.25) and no collinearity (r < 0.6) and variance inflation factors of
5.0 were considered for further analysis. Collinearity between potential risk factors was
examined using Spearman’s rank correlations test. The overall prevalence was calculated as
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the total number of serologically positive samples divided by the total number of tested
samples.

A multivariate model for C. burnetii antibody—positive status was constructed using a
manual stepwise forward logistic regression analysis. Risk factors that were significant in
the univariate model were used to construct the final multivariate logistic regression to study
the potential risk collectively. A Hosmer-Lemeshow goodness-of-fit test was used to
evaluate the fit of the models.

A total of 159 of ruminant farms were included in this study, and milk samples from 62.9%
of the farms were positive for the presence of C. burnetii antibodies (95% C1,55.1 to 70.0%).
The prevalence of these antibodies in bulk milk from cattle, sheep, and goats was 70.9%
(60.6 t079.5%), 52.1% (38.3 to 65.5%), and 56.0% (37.7 to 73.3%), respectively.

The chi-square test for potential risk factors on cattle farms and on sheep and goat farms are
shown in Tables 1 and 2, respectively. The risk factors for finding C. burnetii antibodies in
cow’s milk were farm location, herd size, history of abortion, adding new animals to the
herd, practicing natural breeding, and frequency of farm cleaning. The risk factors for
antibodies in ewe’s and goat’s milk were flock size, mixing animals with animals from other
farms, grazing more than 5 km away from the farm, farm cleaning, and cleaning and
sanitation of feeders.

The final model of the multivariate binary logistic regression for cattle is shown in Table 3.
The model for cattle revealed that the probability of C. burnetii antibodies in bulk milk on
large (>51 head) farms was 28.6 times higher than that on smaller farms. Farms that added
new animals to the herd had a 19.9 times higher probability of antibodies in milk than did
farms that did not add new animals. The probability of antibodies in farms on which the
feeders were cleaned infrequently (monthly) was 8.0 times higher than that for farms on
which feeders were cleaned frequently (weekly).

The final model of the multivariate binary logistic regression for sheep and goats is shown in
Table 4. The probability of antibodies in the milk on sheep and goat farms that mix animals
with animals from other farms was 8.0 times higher than that on farms that did not mix their
animals with animals from other farms. Sheep and goats that grazed more than 5 km away
from the farm were 0.06 times more likely to have C. burnetii antibodies than were animals
that did not graze at this distance. The probability of finding C. burnetii antibodies in milk
from sheep and goats from farms on which feeders were sanitized infrequently (less often
than every 2 weeks) was 13.6 times higher than that from farms on which the feeders were
sanitized frequently (every 2 weeks or more often).

DISCUSSION

Bulk milk samples were tested for C. burnetii antibodies in this study to obtain information
about the prevalence of this pathogen on ruminant farms in Jordan. Taurel et al. (44)
reported that the use of an enzyme-linked immunosorbent assay (ELISA) to analyze bulk
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tank milk could allow identification of herds with very low within-herd C. burnetii
seropositivity. Not all seropositive animals shed C. burnetiiin their milk, and shedding of
this pathogen in milk is intermittent (13, 36, 37). Serological methods using animal blood
and/or sera are useful for preliminary surveys of C. burnetii infection but do not allow
identification of animals shedding C. burnetii because at least 25% of seronegative goats
shed these bacteria (37). Some cattle and sheep shed C. burnetii before they develop
antibodies, meaning that some infected animals do not seroconvert (15,48). Thus, testing
bulk milk provides a better picture of the infection status on the whole farm and of the safety
of dairy products made from unpasteurized milk, which is widely consumed in Middle
Eastern countries such as Jordan (16).

In our study, 70.9% of the tested dairy cattle herds in Jordan were infected with C. burnetii,
and antibodies were found in milk samples. A very high prevalence of C. burnetii (>90%) in
bulk tank milk of dairy herds has been was reported in the United States (19). C. burnetii
prevalence also has been reported in The Netherlands (79% (13) and 37.0% (24)), France
(73.0% (13)), northern Spain (67% (6)), Denmark (59% (2)), northeastern Spain (49.4%
(26)), southeastern Iran (54.4% (18)), and Ireland (37.9% (42)). The findings indicate that C.
burnetiiis widespread in cow’s milk and perhaps may be explained by the longer period of
C. burnetii shedding in cow’s milk compared with ewe’s and goat’s milk (6, 36).

In this study, about 52.1 and 56.0% of the sheep and goat farms, respectively, were infected
with C. burnetii, which indicates that C. burnetiiis circulating in small ruminant farms in
Jordan. In contrast, low C. burnetii prevalence was found in small ruminant bulk milk in The
Netherlands. van den Brom et al. (45) tested bulk milk from sheep and goats using an
ELISA and found prevalence values of 29.8 and 18.8%, respectively, with significant
differences among different areas of The Netherlands. The prevalence of C. burnetii
infection in small ruminants has also been determined in several countries based on results
from animal serum samples. Therefore, comparison of our findings for antibodies in bulk
milk with those of other studies must take this sample difference into consideration. The
antibody prevalence in bulk milk is expected to be higher than the flock seroprevalence
because not all animals are sampled in most flock seroprevalence studies (20, 38). The
reported flock seroprevalence in goats differed among countries: 17.8, 42.9, 40.0, and 45%
in The Netherlands, Spain, France, and Northern Ireland, respectively (13, 22,39). The flock
seroprevalence for sheep was 89.0% in France and 14.5% in The Netherlands (13).

A higher prevalence of C. burnetii antibodies was found in bulk milk from dairy cattle than
in bulk milk from sheep and goats, which was also reported in several countries. In central
Portugal, the prevalence of C. burnetii antibodies in bulk milk from cattle (20%) was higher
than that in milk from sheep and mixed herds (6%) (3). In contrast, several reports from the
United States, Canada, Australia, and several European countries indicated that human
outbreaks of Q fever associated with small ruminants were more frequent than those
associated with cattle (11). Consequently, the prevalence was higher in sheep and goats than
in cattle in some countries. For example, in Portugal the herd prevalence was higher in
mixed sheep and goat herds(38.5%) and in sheep herds (37%) than in goat herds(28.8%) (4),
and the herd seroprevalence in sheep (74%) was much higher than that in goats (45%) and
cattle (43%) (39). In Bulgaria, goats have been the main reservoir for C. burnetii and have
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replaced cattle and sheep as the most frequent source of human infection (33). Higher
seroprevalence in goats (48.2%) than in sheep (18.9%) and cattle (24%) was reported in
Cyprus (33).

A significant difference in the prevalence of C. burnetii was found among different regions
of Jordan for cattle only but not for sheep or goats in the present study. However, in other
studies regional differences have been found within the same country. Georgiev et al. (13)
reported that the prevalence difference was as high as fourfold among different areas of
Bulgaria and even higher in some rural areas of Germany. Nusinovici et al. (27) found that
the prevalence of C. burnetiiin bulk milk of dairy cattle herds differed among regions of
Sweden, where herds raised in regions with open landscape, high wind speed, high animal
density, and high temperature had a higher risk of infection. The absence of differences
among regions for sheep and goat farms reported in the present study might be attributed to
the small area and by the similarity of the small ruminant husbandry systems in different
regions of Jordan, but the close distances between farms in the Al-Dulail area might explain
the higher prevalence in this area compared with the highlands.

In this study, an increase in herd for cattle, sheep, and goats was positively associated with
C. burnetii infection. In several worldwide studies, the prevalence of C. burnetiiin a given
farm increased as the herd or flock size increased (2, 4, 22, 33, 41, 43, 46). The higher risk
of introduction and/or transmission of C. burnetiiin larger herds is possibly due to the higher
number of calving or lambing females during the parturition season (47) and might be due to
other management factors such as larger amounts of animal supplies such as feed and a
higher number of people working at the farms (43). Therefore, larger herds are more prone
to C. burnetii infection, and the number of animals must be considered a risk factor for C.
burnetii dissemination.

In this study, infrequent cleaning and sanitation were significant risk factors for C. burnetii
infection in dairy ruminants in Jordan. Similarity, van Engelen et al. (46) found that more
frequent cleaning of barn bedding was inversely related to positive C. burnetii results in bulk
tank milk. This inverse relationship might be attributed to a decreased transmission of C.
burnetii to other animals in the same herd by eliminating contaminated birth material or
vaginal excretions from the bedding.

Addition of new animals to the herd also was a significant risk factor for C. burnetii
infection in the tested cattle farms in Jordan. Mixing animals with animals from other farms
was a risk factor for infection in sheep and goat farms. These findings corroborate previous
findings that purchase of cattle from at least two addresses was significantly and positively
associated with anti—C. burnetii seropositivity in bulk tank milk of dairy cattle in The
Netherlands (46).

The univariate analysis in this study revealed that the history of abortion was a significant
factor for infection on sheep and goat farms but not on cattle farms. Other results have been
reported regarding the association between reproductive problems or abortion with C.
burnetii prevalence, i.e., positive associations between seroprevalence and abortion have
been reported in sheep and cattle (8, 9). However, some researchers reported a lack of
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association between high seroprevalence of C. burnetii and reproductive disorders in cattle
(6, 24, 34). In another study, infection with C. burnetiiin cattle did not cause abortion. These
findings suggest that infection can persist in cattle sometimes without producing significant
clinical signs (30), but this might be not the case in sheep and goats.

The univariate analysis revealed that practicing natural breeding with bulls from the farm
was a risk factor for C. burnetii infection. Little information is available about the
probability of venereal transmission; however, in one study C. burnetii was reported in bull
semen (21).

The high prevalence of C. burnetii detected in cattle, sheep, and goats in this study was
attributed to several risk factors, and these findings highlight the significance of biosecurity
and enhanced hygiene for decreasing the risk of C. burnetii contamination of bulk tank milk.
Some of the risk factors, such as the increase in herd size for dairy cattle, are hard to control;
thus, vaccination could be a suitable control measure for high-risk farms. In conclusion, this
study confirms the widespread existence of C. burnetii antibodies in dairy cattle, sheep, and
goats in Jordan and suggests that further studies on the public health consequences of C.
burnetii shedding in ruminant milk would be beneficial.
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Prevalence and risk factors of C. burnetii antibodies in bulk milk of dairy cattle farms in Jordan, 2015 to 2016

Variable No. of farms  No. of positivefarms P value (x? test)

Location 0.00
Al-Dulail 50 45
Highlands 36 16

Herd size 0.00
Small (1-50) 37 15
Large (>51) 49 46

Having designated parturition area 0.15
Yes 10 9
No 76 52

Separate aborted animals? 0.11
Sometimes 18 13
Never 44 39

Abortions occurred on the farm 0.00
Yes 59 50
No 27 11

Adding animals to the herd 0.00
Yes 33 15
No 53 46

Natural breeding 0.01
Yes 38 32
No 48 29

How often the farmer cleans the feeders 0.00
Weekly 36 18
Monthly 50 43

a . .
Not all farmers reported the occurrence of abortions on their farms.
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TABLE 2.

Prevalence and risk factors of C. burnetii antibodies in bulk milk of sheep and goat farms in Jordan, 2015 to
2016

Variable No. of farms  No. positivefarms P value (x2 test)

Species 0.75
Goats 25 14
Sheep 48 25

Area 0.90
North 34 19
Middle 13 7
South 26 13

Flock size 0.01
Small (1-50) 20 6
Large (>51) 53 33

Mixing sheep and goats on one farm? 0.33
Yes 32 20
No 29 13

Mixing animals with animals from other farms 0.00
Yes 32 24
No 41 15

Using fences around the farm 0.98
Yes 45 24
No 28 15

Grazing more than 5 km away 0.03
Yes 14 11
No 59 28

Farm cleaning 0.04
Biweekly 9 2
More than once per week 64 37

Feeder cleaning and/or sanitation 0.00
Biweekly 30 7
More than biweekly 43 32

Water source 0.65
Well on the farm 31 18
Spring or lake water 22 12
Municipal water 20 9

History of reproductive disorders 0.08
Yes 53 32
No 19 7

a .
Not all farmers raise both sheep and goats on the same farm.
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