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Abstract

Coxiella burnetii, or Q fever agent, has notable implications for human and livestock health. Infections in cattle primar-
ily manifest through reproductive issues where infected animals shed the bacterium in birth fluids, placental tissues, and
milk, serving as potential sources of transmission. Bovine herds become reservoirs, contributing to the environmental
contamination of farming areas. Comprehensive studies on the prevalence, transmission routes, and associated risk fac-
tors among cattle contribute to the development of effective control strategies, ultimately safeguarding both livestock and
public health.Here we determine the prevalence of Coxiella burnetii antibodies against in dairy cattle farms from Kabylia
(northern Algeria) and identify the associated risk factors. Bulk tank milk samples from 184 farms were analyzed by
indirect ELISA technique, 49 of them were tested positive which corresponds to a prevalence rate of 26.63% (95% CI
20.25-33.01%). Multivariate analysis by logistic regression showed that the risk factors associated with detection of anti-
Coxiella burnetii antibodies are: cohabitation of cattle with small ruminants(OR =3.74 95% CI [1.41-8.92]), exposure to
prevailing winds (OR=5.12 95% CI [2.11-13.45]), and the veterinarian visits frequency(OR =5.67 95% CI [2.55-13.60]).
These findings underscore the susceptibility of dairy cattle to Q fever in the Kabylia region, highlighting practices that
pose risks. We recommend the implementation of hygienic measures and adherence to proper farming conditions to miti-
gate the transmission of Q fever and reduce the associated zoonotic risk.
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Introduction

Q fever, a bacterial zoonosis caused by Coxiella burnetii, an
obligate intracellular bacterium, is found worldwide except
in New Zealand (Pexara et al., 2018). This bacterium has
been identified in a wide range of vertebrates including wild
mammals, marine mammals, birds, and reptiles (Eldin et al.,
2017), and has also been found in over 40 species of ticks
which can serve as both reservoir and vectors (Espafia et
al., 2020).

Animals can become infected with the agent through
contact with other infected animals or their environment
(Rousset et al., 2003). Infection is mainly transmitted by
inhalation of contaminated aerosols, but can also occur
through the digestive and transcutaneous routes, including
through the bite of infected ticks (Alsaleh et al., 2011). The
presence of C. burnetii has been confirmed by PCR in bull
(Kruszewska and Tylewska-Wierzbanowska, 1997) and
sheep semen (Ruiz-Fons et al., 2014), although sexual trans-
mission in ruminants has been strongly suspected but not yet
proven (Pellerin et al., 2018). In cattle, C. burnetii infection
is most often asymptomatic (Maurin and Raoult, 1999) and
can remain latent for several years (Rousset et al., 2003).
While clinical manifestations are more commonly observed
in sheep and goats, they may be less apparent in cattle (Anas-
tacio et al., 2016), and can include abortions, stillbirths, and
stunted newborns (Agerholm, 2013). Infected females may
excrete large numbers of the bacteria into the environment
during parturition or abortion, with shedding in parturition
products, urine, feces, and milk (Mori et al., 2017). C. bur-
netii can persist to be excreted for several months in vaginal
mucus, feces, urine, and milk (Rodolakis, 2009). Bacteria
can also be aerosolized and carried long distances by the
wind (Mori et al., 2017).

In ruminants, the complement fixation test (CFT) is still
used in some laboratories for the diagnosis of Q fever, but
the most commonly used tests are the ELISA and the rt-PCR
technique. For serological diagnosis, ELISA is the method
of choice because it is automated and more sensitive than
CFT (Boarbi et al., 2016). For herd-wide diagnosis, ELISA
and rt-PCR are used on bulk tank milk (Rodolakis, 2009).
Bulk milk testing for C. burnetii antibodies by ELISA is an
appropriate method to determine herd exposure and status
(Agger et al., 2010; Muskens et al., 2011). The results are
comparable to those obtained from serum samples, as anti-
bodies are transferred from blood to milk in lactating cows
(Nielsen et al., 2011).

In Algeria, the demand for milk is constantly growing,
and dairy farming struggles to meet this exponential demand.
Among the factors hindering the development of this sec-
tor are infectious pathologies. Although Q fever has been
reported in both humans and animals. The seroprevalence of
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Q fever in the human population of Setif is 15.5%, living in
a rural area or having occupational exposure are factors sig-
nificantly associated with seropositivity in the tested popu-
lation (Lacheheb and Raoult, 2009). In cattle, individual
seroprevalence ranged from 10.6% (Agag et al., 2016) to
11.6% (Menadi et al., 2020), at herd level, seroprevalence
varied from 22% (Agag et al., 2016) to 45.56% (Menadi
et al., 2020). The only one study using bulk tank milk and
targeting a large number of cattle farms for the detection
of antibodies against C. burnetii is available, a prevalence
of 37% have been reported (Menadi et al., 2022). Studies
have also demonstrated the circulation of C. burnetii among
sheep flocks, with variable seroprevalences reported at indi-
vidual level ( 12,4% to 24,9%) and at herd level ( 35,9% to
66,7%) (Hireche et al., 2020; Khaled et al., 2016; Belhouari
et al., 2022). These studies revealed that reproductive disor-
ders were significantly associated with seropositivity, and
made it possible to identify certain risk factors, but further
studies are needed to fully understand the epidemiology of
the disease.

The current study aimed to estimate the prevalence of
antibodies against C. burnetii in bulk tank milk of dairy cat-
tle herds using indirect ELISA test, and identify associated
risk factors in the Kabylia region (northern Algeria).

Materials and methods
Study location

The current study was conducted from June 2022 to Octo-
ber 2022 in the departments of Bejaia (36°12” and 36°53’
N, 4°21” and 5°29” E, 3223,48 Km?) and Tizi-Ouzou (36°
28> and 36° 55’ N, 03° 45” and 04° 31” E, 2957,93 Km?)
in northern Algeria. The study area is situated between the
Mediterranean Sea to the north, the departments of Setif,
Bordj Bouareridj, and Bouira to the south, Jijel to the East,
and Boumerdes to the West (Fig. 1). The area is character-
ized by a Mediterranean climate and mountainous terrain,
which covers 90% of its surface. The two departments have
a cattle population of 42,693 and 70,998 head for Bejaia and
Tizi-Ouzou respectively, and a milk production of around
415,013,000 L and 147,993,000 L for Bejaia and Tizi-
Ouzou respectively in 2019 (MADR., 2021).

Milk sampling strategy

A total of 184 bulk tank milk samples were collected from
92 farms in the department of Bejaia and 92 farms in the
department of Tizi-Ouzou. These farms had a total of 2779
heads, with an average of 15 heads per farm. The sample
size was determined based on an expected herd prevalence
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Fig. 1 Map of Algeria showing the geographical location of Bejaia and Tizi-Ouzou departments

0f 22% (Abdelhadi et al., 2015) and a desired level of preci-
sion of 6% at a 95% confidence level, resulting in a require-
ment of 183 herds. During each farm visit, a 50 mL sample
of bulk tank milk was collected in sterile tubes, identified,
processed under cold conditions, and then frozen at -20 °C
for later use.

ELISA-analysis

The frozen samples were thawed to return to room tem-
perature. Then, each sample was centrifuged for 15 min
at 7500 rpm to separate the cream from skimmed milk. A
commercial ID Screen® Q Fever Indirect Multi-species kit
(IDVet, Grabels, France) was used as recommended by the
manufacturer.

Samples are used undiluted, and controls are diluted
1:50 in dilution buffer 2, then 100 pl of positive and nega-
tive controls, 100 pl of each sample were distributed in the
microplates, the microplates were covered and incubated for
45 min at 21 °C. The wells were emptied and then washed,
filled a first time with 300 pl of washing solution for 2 min,
followed by 2 conventional washes with no waiting time.
Concentrated conjugate 10X the was diluted 1:10 in buffer
dilution 3, 100 pl of diluted conjugate were then distributed
to each well, and the plates were covered and incubated for
30 min at 21 °C. The wells were emptied and then washed
with 300 pl of washing solution, 100 ul of substrate solution

were distributed to each well, and the microplates were cov-
ered and incubated for 15 min at 21 °C. To stop the reaction,
100 pl of stop solution were distributed to each well.

The optical densities (OD) were measured at 450 nm, the
test was validated, and for each sample, the percentage SP
(%) was calculated according to the following formula:

SP% = Sample OD - CN OD / CP OD - CN OD X
100.

According to the manufacturer’s manual, milk samples with
S/P% < 30% are considered negative, those with S/P% >
40% positive, and are considered doubtful those with SP%
30% < S/P% < 40%.

Data analysis

The prevalence of anti-C. burnetii antibodies and its 95%
confidence interval were calculated as the ratio of the num-
ber of positive herds to the total number of herds tested.
Information about breeding practices, such as the number
of heads, lactating females, address, screening and vacci-
nation, were collected for each farm included in the study.
A questionnaire was also completed on site for each farm
and it was divided into three parts: (1) The first part focused
on the pathological antecedents of the farms during the 12
last months, including any history of abortion (farms are
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considered suspect for Q fever if they recorded at least 2
or more cases of abortion per month or 3 cases of abortion
during the last 12 months (Sidi-Boumedine et al.,2010)),
this part of the questionnaire also includes questions about
antecedents of retained placenta, repeat breeding (No gesta-
tion after 3 artificial inseminations), metritis, mastitis and
respiratory pathologies. For these last pathological anteced-
ents, only responses from farms with a high incidence of
these disorders (>40%) are taken into account; responses
from farms with sporadic cases are not taken into account
because these disorders are not specific and can have vari-
ous origins. (2) The second part related to the breeding con-
ditions, such as borrowing of breeding stock, cohabitation
with small ruminants, tick infestation, sharing of equip-
ment with other farms, presence of domestic carnivores and
rodents in the barn, exposure to prevailing winds, presence
of calving pens, hygienic precautions at the entrance to the
farm, protective measures during calving or abortion, and
presence of livestock in the vicinity. These first two parts
contain questions with binomial answers (Presence or
Absence) and (Yes or No). (3) The last part includes ques-
tions relating to certain risk practices, such as the frequency
of visits by the attending veterinarian, the fate of parturition
or abortion products (fetal membranes, runts, among oth-
ers.), the frequency of manure evacuation, the method of
reproduction and the origin of water on the farm.

The chi-square test (or Fisher’s exact test/ Yate’s cor-
rected Chi-Squared test for small samples sizes) was per-
formed to evaluate the correlation between the positive
detection of anti-C. burnetii antibodies in bulk tank milk
and the risk factors studied. The results were considered sig-
nificant if P <0.05. Finally, the different parameters with a
significant influence (P <0.05) were subjected to multiple
logistic regression analyses, using R software version 4.0.4
to determine their possible role as risk factors for the detec-
tion of antibodies against C. burnetii in bulk tank milk of
studied farms. P <0.05 was considered significant, with CI
at 95%.

Results

Prevalence of antibodies against C. burnetii in bulk
tank milk

A total of 49 /184 herds were positive with a prevalence of
26.63% (95% CI: 20.25-33.01%), 10 /184 herds provided
a doubtful result, and 125 herds were negative. The prev-
alence of antibodies anti-C. burnetii in the department of
Bejaia was 31.52% (26.68 —36.36%, 95% CI), based on 29
positive cases out of 92 tested (29/92), and that recorded in
the department of Tizi-Ouzou was 21.73% (17.44-26.02%,
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95% CI), with 20 positive cases out of 92 tested (20/92).
There was no significant difference between the results of
these two departments (P=0.133).

Univariate analysis

The relation between the detection of antibodies anti-C.
burnetii in bulk tank milk and variables were analyzed using
chi-square test.

The results obtained revealed a significant associa-
tion between the detection of anti C. burnetii antibodies
and abortion antecedents (P=0.001), retained placenta
antecedents (P=0.009) and repeat breeding antecedents
(P=0.008). Regarding the other variables related to the
pathological history of the herds, no significant association
was detected (Table 1).

Regarding the breeding conditions, several significant
associations with the positive detection of antibodies against
C. burnetii were revealed:, cohabitation of cattle with small
ruminants (P=0.01), tick infestation (P=0.033), exposure
to prevailing winds (P=0.005) and the livestock presence
in the vicinity (P <0.001). The other husbandry parameters
studied did not show a significant association with positive
result in ELISA analysis (Table 2).

The analysis of risky practices using chi-square test
revealed that the frequent manure evacuation and the fre-
quent visits of veterinarian to the farms are significantly
associated with the detection of anitbodies against C. bur-
netii in bulk tank milk (P=0.044 and P<0.001 respec-
tively) ( Table 3).

Multivariate logistic regression analysis

Multivariate analysis of husbandry-related parameters
showed that: cohabitation of cattle with small ruminants,
exposure to prevailing winds, and veterinarian visits fre-
quency were potential risk factors for detection of antibod-
ies against C.burnetii in bulk tank milk of dairy cattle herds
(P<0.05) (Table 4).

Discussion

To the best of our knowledge, this study is the first to use
bulk tank milk to detect C. burnetii antibodies in the Kabylia
region of northern Algeria. The ELISA test used in this study
is based on the use of C. burnetii phase I and II antigens,
which were isolated from the bovine abortion placenta. The
test using C. burnetii antigens isolated from ruminants are
more sensitive than tests using antigens from the Nine Mile
reference strain isolated from ticks (EFSA 2010). The use of
bulk tank milk for antibody testing appears to be an accurate
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Table 1 Univariable analysis of pathological antecedents of dairy cattle herds with detection of antibodies aginst C. burnetii in bulk tank milk

Variables Category seropisitive/tested Percentage + SE P-value

Abortion antecedents ? Presence ° 35/90 38.88+5.13 0.0018
Absence ¢ 14/94 14.89 +3.67

Retained placenta Presence 41/127 32.28+4.14 0.009%

antecedents Absence 8/57 14.04 +4.60

Repeat breeding antecedents Presence 43/135 31.85+4.00 0.008%
Absence 6/49 12.24+4.68

Metritis antecedents Presence 31/110 28.18+6.42 0.586NS
Absence 18/74 24.32+4.99

Mastitis antecedents Presence 45/173 26.01 +3.33 0.486 NS
Absence 4/11 36.36+14.50

Respiratory pathologies antecedents Presence 47/178 26.40+3.30 0.657 NS
Absence 2/6 33.33+19.24

SE : Standard error
#: Refers to a history of the last 12 months

b Indicates the occurrence of the disorder within the farm

S: Significant

¢: Means that the disorder has not occurred on the farm

NS: Not significant

Table 2 Univariable analysis of the farming conditions of dairy cattle herds with detection of antibodies against C. burnetii in bulk tank milk

Variables Category seropisitive/tested Percentage + SE P-value

Department Bejaia 29/92 31.52+4.84 0.133 N8
Tizi-Ouzou 20/92 21.73+4.29

Herd size <10 cows 19/61 31.14+11.57 0.378 NS
> 10 cows 30/123 24.39+3.87

Breeding stock borrowing Yes? 1/15 6.66+6.43 0.074 N8
No® 48/169 28.40+£3.46

Cohabitation with small ruminants Yes 26/72 36.11+5.66 0.0198
No 23/112 20.54+3.82

Tick infestation Yes 29/85 34.11+5.14 0.033 %
No 20/99 20.20+4.04

Equipments with other farms sharing Yes 5127 18.51+7.47 0.354 N8
No 44/157 28.02+3.58

Domestic carnivores presence in the farm Yes 35/132 26.51+3.84 0.955 NS
No 14/52 26.92+6.15

Rodents presence in the barn Yes 49/184 26.63+3.26 /
No / /

Exposure to prevailing winds Yes 27/71 38.03+5.76 0.005 8
No 22 /113 19.47+3.72

Calving pens presence Yes 7/15 46.66+12.88 0.066 NS
No 42/169 24.85+3.32

Hygienic precautions at farm entrance Yes 6/14 42.86+13.23 0.153 N8
No 43/170 25.30+3.33

Protective measures during calving or abortion Yes 6/14 42.86+13.23 0.153 N8
No 43/170 25.30+3.33

Livestock presence in the vicinity Yes 33/84 39.29+5.33 <0.0018
No 16/100 16+3.67

SE : Standard error

NS: Not significant

. The variable is reported in the farm

®: The variable is not reported in the farm

S: Significant
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Table 3 Univariable analysis of the risky practices on dairy cattle farms with detection of antibodies against C. burnetii in bulk tank milk

Variables Category seropisitive/tested Percentage + SE P-value

Manure evacuation frequency 1/ week 7/11 63.64+14.50 0.044 S
1/month 15/52 28.85+6.28
1/6 months 24/112 21.43+3.88
Rarely 3/9 33.33+15.71

Veterinarian visits frequency > 1/ week 10/12 83.33+10.77 <0.0018
1/week 22/64 34.38+5.93
1/month 17/108 15.74+£3.50

Parturition or abortion products fate Thrown 32/103 31.06+4.56 0.124 NS
Buried 17/81 20.99+4.52

Reproduction methods Natural 16/61 26.23+5.63 0.931N8
Artificial insemination 33/123 26.83+3.99

Water origin Public network 2/6 33.33+19.24 0.657 NS
Driling 47/178 26.40+3.30

SE : Standard error
S: Significant
NS: Not significant

Table 4 Multivariable logistic regression analysis of risk factors asso-
ciated with detection of antibodies against C. burnetii in bulk tank milk
of dairy cattle herds

Variable Category OR P-value
Cohabitation with small Yes* 3.74 0.007
ruminants No [1.41-8.92]
Exposure to prevailing winds ~ Yes* 5.12 <0.001
No [2.11-13.45]
Veterinarian visits frequency > 1/ Week* 5.67 <0.001
1/Week [2.55-13.60]
1/ Month

OR : Odds ratio
*: Reference

tool for determining the status of dairy herds against C. bur-
netii infection (Ruiz-Fons et al., 2011).

In this survey, 26.63% of the studied farms were posi-
tive for the presence of anti-C. burnetii antibodies, based on
the analysis of 184 samples of bulk tank milk in the Kab-
ylia region using a commercial ELISA test kit. This result
is higher than the one recorded in 2017 in the Bejaia region
(22%) (Agag et al., 2016) using ELISA technique on blood
serums. This difference may be explained by the fact that in
this study, bulk tank milk was used to test all lactating cows
on the farm, unlike in the previous study where only a few
cows were selected for sampling. The recorded prevalence
is higher than that reported in Sweden (8.2%) (Ohlson et al.,
2014), and England and Wales (21.2%) (Paiba et al., 1999),
but lower than that reported in the Setif region of north-
eastern Algeria (37%) (Menadi et al., 2022), Iran (45.4%)
(Khalili et al., 2011), Spain (66.9%) (Astobiza et al., 2012),
and the Netherlands (78.6%) (Muskens et al., 2011).

A significant association was found between the cohabi-
tation of cattle with small ruminants and a positive result of
bulk tank milk analysis by ELISA test (P <0.05; OR=3.74
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[1.41-8.92]). Menadi et al., (2020) also observed this asso-
ciation in their study. This can be attributed to the duration
of excretion of C. burnetii particularly during parturition
or abortion, which can extend over several weeks in ewes
(Berri etal., 2001) or goats (Rousset et al., 2009), increasing
the risk of contamination. Additionally, this practice is com-
mon in farms (72/184) and is often done for ritual purposes.

Exposure to prevailing winds was identified as a risk fac-
tor for the presence of specific antibodies to C. burnetii in
bulk tank milk by logistic regression (P<0.05; OR=5.12
[2.11-13.45]). The involvement of wind in the spread of C.
burnetii has been suggested since the 1950s (Tissot-Dupont
et al., 2004), with studies showing that exposure to strong
winds is a major risk factor for C. burnetii infection for both
humans (Schimmer et al., 2010) and animals (Nusinovici et
al., 2017). People can become infected through exposure to
aerosols carrying Coxiella during the movement of infected
animals, contaminated manure, or other products, even
if they have no contact with animals or animal products
(Woldehiwet, 2004). The mountainous nature of the study
area increases its exposure to strong winds. Proper manage-
ment of parturition/abortion products and building livestock
structures in the opposite direction to the prevailing wind
could limit the spread and contamination of humans and
animals by C. burnetii.

The logistic regression analysis revealed that frequent
visits by veterinarians were a risk factor for positive find-
ings of antibodies against C.burnetii in bulk tank milk
(P<0.05,5.67 [2.55-13.60]). These results are consistent
with those of the study carried out in Denmark, who pro-
posed that veterinarians may act as mechanical vectors of C.
burnetii from infected to healthy farms(Agger et al., 2010).
Implementing hygiene measures by veterinarians, such as
disinfecting equipment, changing boots and installing foot
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baths at the entrance to the farm, as well as restricting access
to outsiders, could reduce the passive transport and intro-
duction risks of C. burnetii.

This is the first investigation in the Kabylia region C.
burnetii in dairy cattle herds using bulk tank milk. It pro-
vided the prevalence of antibodies but had also identified
the associated risk factors. Further studies, employing
molecular biology techniques to determine the proportion
of herds shedding C. burnetii, are recommended for a more
comprehension. In the absence of robust epidemiological
data, other researches on the disease in small ruminants and
humans are needed. This holistic approach aims to fully
comprehend the Q fever epidemiology and formulate com-
prehensive control plans integrating hygienic and biosecu-
rity measures for both human and animal health within a
“one health” framework.
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