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Abstract
Coxiella burnetii can cause reproductive disease in sheep and zoonotic Q-fever infections in humans. The
role of infectious diseases including coxiellosis in causing poorer reproductive performance of
primiparous ewes is not well studied. The aim of this study was to determine if natural exposure to C.
burnetii is associated with poor reproductive performance of primiparous ewes and compare
seroprevalence of primiparous and multiparous ewes. Coxiella burnetii seroprevalence was 0.08% (95%
con�dence interval 0.01, 0.36) in primiparous ewes and 0.36% (0.07, 1.14) in mature ewes. Coxiella
burnetii was not detected in tissue samples from aborted or stillborn lambs using molecular diagnostic
tests (qPCR). These �ndings suggest that C. burnetii infection was unlikely to be an important contributor
to abortion and perinatal mortalities observed for primiparous ewes, and exposure to C. burnetii was not
widespread in ewes on farms located over wide geographical region of southern Australia.

1. Introduction
The reproductive performance of primiparous ewes is often lower than that observed for multiparous
ewes [1–3]. Higher incidence of foetal or lamb mortality from pregnancy diagnosis to lamb marking has
been reported for primiparous ewes compared to multiparous ewes [2–4]. However, the causes of losses
that occur during this period are not well de�ned. A number of endemic diseases may cause abortion and
poor viability of lambs in Australia [5, 6]. It is not clear if infectious diseases are an important contributor
to foetal and lamb mortality for primiparous ewes in Australia.

Coxiella burnetii is endemic in Australian livestock, including sheep, but prevalence and impact on sheep
health is not well studied [7]. Infections in sheep can be asymptomatic, but in pregnant ewes can cause
abortion, stillbirth and the birth of weak lambs that are less likely to survive [8–12]. The outcome of
infection in the pregnant ewe may be in�uenced by strain virulence, severity of placental infection, and
maternal and foetal immunity [13]. Abortions are more likely to occur during gestation following primary
infection, with no lasting impacts on reproduction in subsequent pregnancies [10, 14]. Therefore, younger
ewes that are immunologically naïve are at risk of abortion if infection occurs during pregnancy.

Seroprevalence for C. burnetii in Australian sheep has been reported to range from 0 - 18.7% depending
on the location, serological assay and cut-off values used [7, 15–18]. However, most of these studies are
either over 50 years old or localised to speci�c regions or single farms. Consequently, the prevalence of C.
burnetii for the current Australian sheep population is poorly quanti�ed and the impact of C. burnetii on
the reproductive performance of Australian sheep has not been assessed.

Apart from impacts for sheep health and production, C. burnetii has important zoonotic implications.
Australia has one of the highest rates of human Q-fever cases reported globally [19, 20]. Livestock are
considered to be an important reservoir for infection in humans [21, 22]. Improved understanding of the
role of sheep as a potential source of C. burnetii infections will inform recommendations for managing Q-
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fever risk in susceptible people including occupational risks for farmers, veterinary staff and abattoir
workers [23, 24].

The aim of this study was to (i) determine if C. burnetii exposure is associated with poor reproductive
performance of primiparous ewes in southern Australia, (ii) compare seroprevalence of primiparous and
multiparous ewes and (iii) determine if ewes represent an important reservoir for C. burnetii infection in
humans. We hypothesised that (i) C. burnetii infection and seropositivity is associated with foetal and
lamb loss in primiparous ewes, and (ii) ewes will demonstrate seroconversion for C. burnetii indicating
that ewes are reservoir for infection.

2. Methods
All procedures were conducted according to guidelines of the Australian Code of Practice for the Use of
Animals for Scienti�c Purposes and were approved by the Murdoch University Animal Ethics Committee
(R3004/17).

2.1 Animals and research sites
This cross-sectional study was conducted at 28 farms using 30 study �ocks located in Western Australia
(n = 11), South Australia (n = 9), and Victoria (n = 10) between 2018 and 2020 (Figure 1; Supplementary
File 1). Farms were selected based on convenience sampling, with eligibility for inclusion based on the
farm having su�cient number of maiden ewes available for the study, capacity to monitor ewes and their
progeny over the study period, and sheep genotype and management that were generally representative
of standard commercial sheep farms in the region. Approximately two-hundred primiparous ewes at each
farm were randomly selected at mating. All farms ran self-replacing �ocks and ewes included in the study
were managed according to standard farm practice.

[INSERT FIGURE 1]

2.2 Animal measurements and sample collection
Primiparous ewes were monitored between mating and lamb marking. Ewes were mated as either ewe
lambs (7-10 months, n = 19 �ocks) or primiparous yearling ewes (18-20 months, n = 11 �ocks). Foetal
mortality was determined via sequential transabdominal pregnancy ultrasounds at 62-101 days (scan 1)
and 108-136 days (scan 2) from the start of mating. Lamb mortality between birth and marking were
determined for each ewe based on birth type (single, twin or triplet), birth status (lambs dead or alive at
lambing rounds) and survival status (lambs dead or alive) at marking which was approximately six
weeks from the start of lambing. Ewe lactation status (lactating or non-lactating) was also determined at
lamb marking.

Blood samples were collected from primiparous ewes by jugular venepuncture at pre-mating, scan 1, scan
2, pre-lambing and lamb marking. At each farm, 20 multiparous ewes aged three years or older that had
been bred and reared on the same farm were also randomly selected for collection of blood samples.
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Timing of sampling relative to lambing and the reproductive outcome for pregnancy was not recorded for
multiparous ewes (Supplementary File 2). Blood samples were collected into serum vacutainer tubes with
clot activator and stored on ice. Blood samples were centrifuged at 4000 rpm for 10 minutes within 72
hours of collection. Serum was then decanted into 1 mL storage tubes and stored at -20oC prior to
serological testing.

2.3 Serology
A sub-sample of at least 40 primiparous ewes from each study �ock were selected for C. burnetii serology
(Supplementary File 1). Where possible, selection was based on ewes that were identi�ed as pregnant at
scan 1 but failed to successfully rear a lamb. This included ewes that aborted as well as ewes for which
lamb mortality occurred in the perinatal period. Ewes that had reared single or twin lambs were included
for �ocks with less than 40 ewes that failed to rear a lamb (Supplementary File 1). Blood samples
collected from primiparous ewes at lamb marking were used for serological screening except where not
available, in which case samples from the latest available timepoint were screened instead. All blood
samples collected from the multiparous ewes were used for serological screening (Supplementary File 2).

Anti-C. burnetii IgG serology were determined by VETPATH Laboratories (Perth, Western Australia) using a
commercial indirect ELISA kit (ID Screen Q-Fever Indirect Multispecies, ID Vet, France) according to the
manufacturer’s instructions. The results were read at 450 nm using a Multiskan FC, Thermo Scienti�c
spectrophotometer. Each plate included positive and negative internal controls. Optical density (OD)
values were expressed as the mean percentage of sample/positive (S/P) values, as recommended by the
manufacturer: S/P value = (ODsample − ODnegative.control)/(ODpositive control − ODnegative.control). Serum
samples were classi�ed as positive (S/P value ≥50), doubtful (S/P value 40 to <50) or negative (S/P
value <40) according to the manufacturer’s recommendation. Lurier, Rousset, Gasqui, Sala, Claustre,
Abrial, Dufour, de Crémoux, Gache, Delignette-Muller, Ayral and Jourdain [25] reported this indirect ELISA
kit to have median sensitivity 86.9% (95% credible interval (CrI) 71.2%, 93.6%) and speci�city 98.5% (95%
CrI 97.3%, 99.4%) for sheep.

For cases that returned positive or doubtful results using indirect ELISA, samples were re-tested with the
same indirect ELISA as describe above, plus a complement �xation test (CFT) to determine the end-point
titre. The CFTs were performed on serum by Department of Primary Industry and Regional Development
Diagnostic Laboratory Service using methodology previously described by Ellis and Barton [26]. For the
CFT, a serum tire of 1:8 or higher was considered positive [26]. Samples that returned one ‘positive’ result
for either test were considered positive. Both laboratories used are NATA (National Association of Testing
Authorities) accredited under ISO 17025 for veterinary testing.

2.4 Aborted and stillborn tissues
Tissue samples from aborted (n = 2) or stillborn (n = 33) lambs recovered from 6 �ocks of primiparous
ewes in Western Australia were submitted to the Department of Primary Industry and Regional
Development Diagnostic Laboratory Services (Perth, Western Australia) and screened for C. burnetii using
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qPCR as previously described in more detail by Clune, Besier, Hair, Hancock, Lockwood, Thompson,
Jelocnik and Jacobson [27].

2.5 Statistical analyses
Lamb mortality was calculated based on the number of foetuses identi�ed at scan 1 and the number of
lambs marked. Lamb mortality was classi�ed as ‘abortion’ based on foetal loss between scan 1 and scan
2 (and validated with lambing records and ewe lactation status). Apparent C. burnetii seroprevalence was
calculated using number positive samples as a proportion of samples tested, with 95% con�dence
interval was determined using Jeffreys method [28]. Apparent seroprevalence were compared for the
primiparous ewe lambs, primiparous yearling ewes and multiparous ewes using a 2-tailed z-test.

The true prevalence and 95% credible intervals (95% CrI) was estimated using Bayesian inference,
considering the sensitivity and speci�city and their 95% CrI derived from Lurier, Rousset, Gasqui, Sala,
Claustre, Abrial, Dufour, de Crémoux, Gache, Delignette-Muller, Ayral and Jourdain [25] as beta-pert
distribution for priors [29].

3. Results

3.1 Reproductive performance of primiparous ewes
Abortion between scan 1 and scan 2 was identi�ed in 14/19 primiparous ewe lamb �ocks and 6/11
primiparous yearling �ocks. Abortion incidence in the ewe lamb �ocks was greater than 2% for 6/19
�ocks and ranged 0 - 48.4% foetuses scanned. For the primiparous yearling �ocks, abortion incidence
was greater than 2% in 1/11 �ocks and ranged 0 - 3.7% foetuses scanned. Overall, foetus/lamb mortality
between scan 1 and lamb marking ranged from 14.3 - 71.1% for ewe lambs and 19.7 - 52.7% for
yearlings.

3.2 Coxiella burnetii serology
Overall apparent C. burnetii seroprevalence using indirect ELISA was 0.16% (95% CI 0%, 0.44%) and
estimated true prevalence was 0.1% (95% CrI 0.0%, 0.3%) (Table 1). Apparent C. burnetii seroprevalence
was 0.08% (95% CI 0.01%, 0.36%) in primiparous ewes and 0.36% (0.07%, 1.14%) in mature ewes.
Seroprevalence did not differ between primiparous ewes and adult multiparous ewes (P = 0.174), nor
between primiparous yearlings and ewe lambs (P = 0.165). Farm-level seroconversion (detected in at
least one animal) was 10.7% (3/28) farms. Within �ock seroprevalence for the �ocks for which
seroconversion was detected was 2.5% for one primiparous ewe �ock in South Australia, and 5% for one
multiparous ewe �ock each for Western Australia and Victoria.

All three samples with seroconversion detected using indirect ELISA were negative for C. burnetii by CFT
(Supplementary File 3).
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Table 1
Apparent seroprevalence and estimated true prevalence for C. burnetii for primipiarous ewes mated as
ewe lambs or yearlings and adult multiparous ewes (aged 3 years or older) from 28 Australian farms.

  Ewes sampled      

  Flocks
(n)

Individual
ewes (n)

Seropositive
samples (n)

Apparent
seroprevalence

% (95% CI)

Estimated true
prevalence

% (95% CrI)

Primiparous
ewes

         

Ewe lambs 19 839 0 0 (0, 0.30) 0.1 (0.0, 0.4)

Yearling 11 440 1 0.23 (0.02, 1.06) 0.3 (0.0, 1.1)

Adults 28 558 2 0.36 (0.07, 1.14) 0.3 (0.0, 1.0)

Overall - 1837 3 0.16 (0.05, 0.44) 0.1 (0.0, 0.3)

95% CI : 95% con�dence interval

95% CrI: 95% credible interval

Molecular detection of C. burnetii in tissues from aborted and stillborn lambs

Coxiella burnetii was not detected by qPCR in tissue samples from aborted (n = 2) or stillborn lambs (n =
33) recovered from primiparous ewes on the subset of six farms in Western Australia [27].

4. Discussion
There was no evidence to implicate C. burnetii as an important contributor to abortion or perinatal lamb
mortality in 30 primiparous ewe �ocks located across southern Australia. The very low C. burnetii
seroprevalence was consistent with the absence of detection of C. burnetii in tissues from aborted or
stillborn lambs from a subset of farms. These �ndings are consistent with recent reviews of veterinary
laboratory investigations that reported coxiellosis to be an uncommon diagnosis in Australian sheep
abortion investigations [5, 6]. Coxiella burnetii control programs such as routine vaccination of breeding
ewes are not warranted for sheep farms in southern Australia in the absence of further evidence that
coxiellosis is contributing to lamb mortality. Nonetheless, C. burnetii should continue to be included in
sheep abortion and perinatal mortality investigation protocols due to the sporadic nature of disease and
important zoonotic implications.

This was an observational study with sheep managed extensively, re�ecting standard sheep
management in these regions of Australia. Although foetal and lamb mortality between scanning and
lamb marking were high for some �ocks, average lamb mortality in the primiparous �ocks was consistent
with ranges previously reported in Australian studies [30]. It is unclear from the current study whether



Page 8/14

reproductive performance of maiden ewes would be impacted in �ocks where seroprevalence was
greater.

Serological testing targeted primiparous ewes with evidence of abortion and perinatal lamb mortality.
Bias towards ewes that failed to rear lambs could be expected to overestimate prevalence in the general
sheep population if C. burnetii was an important contributor to abortion and perinatal deaths. Blood
samples for primiparous ewe samples were collected close to the time of lambing or abortion, and this
may increase probability of detection for C. burnetii seroconversion [31]. Very low seroprevalence in this
sampled population suggests that coxiellosis was not an important contributor to abortion and perinatal
lamb mortality in these �ocks and was consistent with very low seroprevalence in adult ewes on these
farms.

This is the most geographically widespread seroprevalence study for C. burnetii in Australian sheep. Very
low C. burnetii seroprevalence was consistent with previous studies from Western Australia [18] and
Victoria [7] that reported individual seroprevalence ranging from 0 - 4.1%, and �ock-level seroprevalence
ranging from 0 – 17.6%. Our study did not include sheep �ocks from New South Wales, Queensland or
Tasmania. New South Wales and Queensland have the highest rates of human Q-fever reported in
Australia [20]. The most recent studies reporting C. burnetii prevalence in sheep from New South Wales
and Queensland are considerably dated and involve either single farms [15, 16] or abattoir surveys [17].
Increased incidence of local acquisition of human infection may be associated with high prevalence in
livestock [32]. Hence, investigation of C. burnetii seroprevalence in sheep from New South Wales and
Queensland is warranted.

Sampling younger ewes likely contributed to the low C. burnetii seroprevalence reported in this study. Age
is recognised as an important risk factor for C. burnetii seropositivity, with older animals more likely to be
seropositive [33–35]. Notwithstanding this, no apparent difference in seroprevalence was observed
between primiparous ewe lambs (approximately 13 months old at lambing), yearlings (2 years old at
lambing) and mature ewes (3 years or older).

There is no reference test for serological diagnosis of coxiellosis, and sensitivity and speci�city for C.
burnetii serological tests are not well described [36]. The commercial indirect ELISA for C. burnetii that
was used in this study has been used in other seroprevalence studies in sheep [25, 36–40] and the World
Organisation for Animal Health (OIE) recommends ELISA as the preferred method for C. burnetii
seroprevalence studies [41]. In our study, the three samples categorised as seropositive using indirect
ELISA were negative by CFT. It was not possible to determine if these were false positives. Complement
�xation tests are reported to have lower sensitivity than ELISA, but high speci�city for elevated levels of
anti-C. burnetii antibodies in �ocks with C. burnetii-associated abortions [41]. Discordant results can be
observed using different ELISA kits [42], therefore testing samples with more than one kit is an alternative
option for validating animal status [41]. Validation for commercial ELISA in Australian sheep under �eld
conditions could better inform estimation of true prevalence. However, coxiellosis is not frequently
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diagnosed in Australian sheep which presents challenges for evaluating assay sensitivity and speci�city
under �eld conditions.

Seroprevalence surveys may underestimate C. burnetii shedding in livestock. Banazis, Bestall, Reid and
Fenwick [18] detected C. burnetii in Australian sheep faecal samples in the absence of C. burnetii
seroconversion. Other studies have also demonstrated poor correlation between seroconversion and
antigen detection [10, 12, 36, 43]. Joulié, Rousset, Gasqui, Lepetitcolin, Leblond, Sidi-Boumedine and
Jourdain [36] reported good correlation between high C. burnetii burden on vaginal swabs and
seroconversion one-month post-abortion or post-lambing using the same commercial indirect ELISA kit
as used in our study. However, it is possible that some ewes in our study were shedding C. burnetii
without evidence of seroconversion, and thus represent a reservoir of C. burnetii infection for other sheep
or humans. Nevertheless, the combination of testing methodology used and timing of blood sample
collection (within 6 weeks of parturition) in conjunction with the absence of detection of C. burnetii using
molecular techniques on tissues from aborted or stillborn lambs suggests that coxiellosis was not a
major contributor to abortion and lamb mortality observed on these farms.

Despite low seroprevalence detected in this study, contact with sheep should still be considered a risk
factor for Q-fever in humans and precautions should be taken to reduce the risk of zoonotic C. burnetii
transmission. Sheep have been associated with cases of Q-fever in humans in Australia and overseas
[10, 15, 32, 44–48]. Coxiella burnetii shedding can occur from both symptomatic and asymptomatic
sheep, and in the absence of detectable seroconversion [49, 50]. Control strategies include use of
appropriate personal protective clothing when handling birth material or lambing ewes, good hygiene
practices, controlling dust and vaccination of people with an occupational risk including farm, abattoir
and veterinary staff.

5. Conclusion
There was no evidence to implicate C. burnetii as an important contributor to abortions or perinatal lamb
mortality observed for primiparous ewes on the farms in this study. Furthermore, exposure to C. burnetii
was not widespread in sheep from farms in southern Australia included in the study. Whilst ewes on
these farms were not an important reservoir for C. burnetii, the occupational risk associated with
transmission of C. burnetii from Australian sheep has public health implications and people at risk
should maintain appropriate measures to avoid zoonotic transmission.
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Figure 1

Location of sheep farms sampled in Western Australia (Map A), and South Australia and Victoria (Map
B). Average annual rainfall data sourced from Australian Government Bureau of Meteorology [51]
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