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The Australian fur seal (Arctocephalus pusillus doriferus) has experienced a slower than
expected population recovery since the end of the commercial sealing era, with a high
third trimester abortion rate. There is currently no known proximate cause. Coxiella
burnetii (Cb) is a well-known cause of abortion in domestic and wildlife species and
an important zoonotic pathogen. It has been recorded from a small number of northern
hemisphere marine mammals and may be a potential contributory factor to decreasing
populations of northern fur seals (Callorhinus ursinus) and Steller sealions (Eumetopias
jubatus). It has not been recorded from marine mammals in the southern hemisphere
but is well documented in ruminants and wildlife in Australia as a cause of reproductive
failure. Third trimester aborted fetuses (n = 46) and full-term placentas (n = 66) from
Australian fur seals, were collected on Kanowna Island and Seal Rocks in Bass
Strait, south-eastern Australia. Utilizing routine hematoxylin and eosin histopathology,
Cb immunohistochemistry and two different qPCR targets–htpAB and com1, Cb was
identified. Routine histopathology and immunohistochemistry were insensitive for the
detection of Cb. The detected Cb prevalence ranged from 10.6% for com1 up to 40.9%
with htpAB. Coxiella burnetti was readily detected in full-term placentas but in aborted
fetal material only in a single placenta associated with a still birth. The exact significance
is currently unclear, but this highlights that Cb is present in Australian fur seals, breeding
in Bass Strait. Bass Strait is in one of the world’s fastest warming oceanic regions
and marine mammals breeding in the area are likely to be key indicators of marine
ecosystem stressors. This first description of Cb in a marine mammal from the southern
hemisphere, highlights the need to further investigate the potential risks this pathogen
poses to Australian fur seals and sympatric marine mammals. Additionally, it is important
to determine the zoonotic risk of this pathogen to persons working with, and in proximity
of, Australian fur seal breeding colonies.
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INTRODUCTION

There are many marine mammal populations that have recovered
significantly since the shift toward conservation rather than
exploitation. This has been most obvious in the pinnipeds. It
appears that their near-shore habitat use and relatively shorter
and faster life cycles compared to cetaceans, favor their recovery
(Magera et al., 2013). Worldwide, most fur seal populations have
displayed an annual recovery rate of 10–15% since bans on
commercial harvesting were legislated (Wickens and York, 1997).
However, this has not been the case for some species, such as
the Australian fur seal (Arctocephalus pusillus doriferus, a benthic
forager) (Arnould and Costa, 2006).

Originally, it was postulated that benthic foraging pinnipeds
are faced with additional stressors (i.e., energetic expenditure
and nutritional composition of benthic prey) that their pelagic
foraging counterparts are not exposed to (Trites and Donnelly,
2003), potentially explaining the reduced recovery of certain
pinnipeds (Rosen and Trites, 2005). More specifically, this
“nutritional stress hypothesis” was considered as potentially the
reason for lower fecundity in benthic foragers such as the Steller
sea lion (Eumetopias jubatus), Australian sea lion (Neophoca
cinerea), and the Australian fur seal (Costa and Gales, 2003; Trites
and Donnelly, 2003; Gibbens et al., 2010). Recent studies of the
critically endangered Galapagos sea lion (Zalophus wollebaeki)
suggest, however, that benthic foraging modes are not necessarily
less efficient than pelagic foraging (Blakeway et al., 2021). This
then raises the question as to what other factors could be having
a significant impact on the ability of the species such as the
Australian fur seal to fully recover their population?

The breeding distribution of Australian fur seals is restricted
to south-eastern Australia between 32◦28′–43◦52′ S and 142◦00′–
152◦33′ E, including a limited number of islands within Bass
Strait (McIntosh et al., 2018). They were locally extirpated from
17 of their 26 known historical colonies within Australia by the
time they got full legislative protection in 1975 (Lancaster et al.,
2010). Currently there are only nine regular breeding sites within
Bass Strait (McIntosh et al., 2018). It was noted in certain colonies
that the number of viable pups being produced each season
declined after 2007 (McIntosh et al., 2018). This does not appear
to be the case across all colonies but considering that Australian
fur seals have shown much slower recovery than other fur seal
species (Gibbens et al., 2010), it is possible that low recruitment
from an unknown factor may be contributing to the slow recovery
of this species (Pemberton and Gales, 2004).

Initial research has identified multiple possible causes for low
recruitment, including environmental toxicants such as per-and
polyfluoroalkyl substances (PFAS) (Taylor et al., 2021). However,
the influence of infectious and toxicological agents, nutritional
deficiencies, climate change and other factors has yet to be fully
investigated. There has been a single study in which antibodies
to Brucella sp. were detected in adult female Australian fur
seals (Lynch et al., 2011a). In terrestrial mammals, brucellosis
is a serious cause of reproductive failure and abortion but in
marine mammals the literature on its pathogenicity is sparse. The
organism has not definitively been detected in Australian fur seals
and the seroprevalence indicated low levels of this abortifacient
pathogen in circulation (Lynch et al., 2011a). One of the only

other pathogens associated with reproductive failure that has
been identified in Australian fur seals is Mycoplasma but, at
present, there is no substantial evidence that it plays an important
role in reduced fecundity (Lynch et al., 2011b).

Coxiella burnetii (Cb) was first described in Australia in 1937
as the causative agent of human disease, Query-fever or Q-fever
(Eldin et al., 2017). This intracellular gram-negative bacterium
has been associated with a broad range of hosts, including
domestic animals and wildlife (González-Barrio and Ruiz-Fons,
2019). Although it is an obligate intracellular pathogen, it has
two distinct growth forms. The intracellular form is known as
the large cell variant (LCV), but once the organism is shed in the
reproductive secretions, the organism transforms into a highly
resistant condensed form known as the small cell variant (SCV),
which is the most infective form of Cb (Abeykoon et al., 2021).
In domestic ruminants, Cb has been noted to cause significant
reproductive failure including abortion, still-birth, premature
birth and weak full-term birth (Agerholm, 2013). It is considered
an organism of significant zoonotic risk with the ability to be
dispersed as an environmentally resistant aerosol that can remain
infective for decades (Bond et al., 2018).

Although infection tends to be localized and with distinct
patterns in various geographic regions, occasionally it can occur
as large disease outbreaks (Eldin et al., 2017). In humans and
domestic animals, the effects of a disease outbreak can be
catastrophic, as was the case in Netherlands epidemic (2005–
2009) with nearly 4000 human cases reported as a result of
aerosols from infected goat herds (Roest et al., 2011). It is
often less dramatic in humans, producing mostly influenza-like
symptoms with a roughly 1% case fatality rate (Bond et al.,
2018). C. burnetii is an important emerging disease in wildlife
(González-Barrio and Ruiz-Fons, 2019), but despite Cb being
well described in domestic animals and humans, data on its
significance in wildlife are sparse in comparison, with very little
literature available on the significance of infection in marine
mammals. C. burnetii has been detected in the placental tissue of
a few species of northern hemisphere marine mammals including
harbor seals (Phoca vitulina), harbor porpoises (Phocoena
phocoena), Steller sea lions and northern fur seals with the first
report in the literature in 1999 (Lapointe et al., 1999; Duncan
et al., 2012; Kersh et al., 2012). Whether it poses a significant risk
as a pathogen of marine mammals is still uncertain, though it has
been associated with declining populations of northern fur seal
and Steller sea lion (Minor et al., 2013).

The aims of this study were to investigate whether Cb, a
significant cause of reproductive failure in terrestrial mammals,
could play a contributory role to low fecundity in Australian fur
seals. Aborted fetuses, still births and full-term placentas from
two of the largest Victorian breeding colonies were screened
histologically and molecularly for the presence of Cb over a
period of 3 years.

MATERIALS AND METHODS

Sample Collection
Spontaneously aborted third trimester Australian fur seal fetuses
were purposely collected on Kanowna Island (39◦15′48′′S;
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146◦31′04′′E) (n = 27) between July and October in 2019
and 2020 and opportunistically on Seal Rocks (38◦31′34′′S;
145◦05′59′′E) (n = 19) between August and October in 2018,
2019, and 2020. The Seal Rocks colony consists of approximately
18,400 individuals and is currently the largest for the species
(McIntosh et al., 2018). Kanowna Island hosts a colony of
approximately 13,000 individuals (Kirkwood et al., 2010) which
is currently considered to be the third largest for the species
(McIntosh et al., 2018). Fetuses were freshly sampled as per
Table 1 on Kanowna Island and those from Seal Rocks were
stored frozen at −20◦C and thawed at room temperature
prior to processing.

Sixty-six fresh placentas from-full term Australian fur seal
pups born on Kanowna Island were collected over a 3-week
period during November and December 2020 and immediately
processed in situ. The placental sections collected into formalin
were cut full thickness from the maternal side of the placenta
through to the fetal side of the placenta in the cleanest, grossly
uncontaminated portions of the placenta. The incision and
size of the tissue blocks ensured collection of all placental
structures through from the fetal to maternal side of the
placenta, including the trophoblast and hematophagous zones.
The samples stored in RNAlater for DNA extraction were
collected from the internal aspect of the opened placental sac-
like unit, cutting on the fetal side of the placenta, to avoid
environmental contamination of the samples.

A summary of the samples collected from each location is
detailed in Table 1, indicating which were stored in 10% buffered
formalin and in RNAlater (Thermo Fisher Scientific, Waltman,
MA, United States). Some organs were absent due to scavenging
activity of gulls.

Histopathology
Routine hematoxylin and eosin (HE) staining was performed on
5 µm thick sections of formalin fixed fetal tissues (heart, lung,
trachea, esophagus, thymus, thyroid, lymph nodes, cerebrum,
cerebellum, liver, spleen, kidney, adrenal gland, stomach, and
umbilicus) and placenta embedded in paraffin wax. The sections
were mounted on microscope slides and examined under light

microscopy. Lesions across all representative fetal tissues were
described. Table 1 details all the fetal tissues collected and
examined histologically. Two sections of representative placenta
and placental vasculature were evaluated for each full-term
placenta. The placental slides were evaluated for the presence
of necrosis, mononuclear and neutrophilic infiltration, fibrin
deposition, the accumulation of cellular debris and thrombosis as
individual histological traits. Each histological trait was assigned a
score between zero and three, to indicate the presence and degree
of severity, with 0.5 increments. The total score for each slide
was divided by five as five histological traits were examined for
each slide to give an average score used to grade the inflammatory
changes present.

DNA Extraction and Quantitative
Polymerase Chain Reaction
Using a proprietary Invitrogen Purelink genomic DNA extraction
kit (Thermo Fisher Scientific, Waltman, Massachusetts,
United States), genomic DNA was extracted and purified from
a total weight of 250–350 µg of RNAlater preserved tissue for
each sample. For fetuses the tissues collected from one individual
were combined and extracted together. For full-term placentas
the total weight was comprised of solely placental tissue.

Coxiella burnetii was detected and semi-quantified using
two real-time TaqMan polymerase chain reaction (qPCR)
assays using the proprietary Invitrogen Platinum Quantitative
PCR SuperMix-UDG (Thermo Fisher Scientific, Waltman, MA,
United States), a two-color tracking dye system to prevent
carryover contamination targeting the com1 and htpAB genes.
The com1 is a single copy gene whereas the htpAB is a 20-
copy gene, that codes for two heat shock proteins (htpA and
htpB) and is more sensitive than the single gene com1 (Fournier
and Raoult, 2003). The primers and probe concentrations are
shown in Table 2. A total volume of 25 µl was used for each
reaction, which included 5 µl of extracted DNA. A no template
control was run with each reaction using 5 µl nuclease free water
(Gibco, Mulgrave, Vic, Australia). A magnetic induction PCR
cycler (Mic) was used to perform amplification and fluorescence

TABLE 1 | Tissue samples collected from aborted fetuses and full-term placentas from Australian fur seals (Arctocephalus pusillus doriferus) from Kanowna Island (KI),
Seal Rocks (SR) in Victoria.

Lung Lymph node Heart Thymus Thyroid Spleen Liver Trachea Kidney Adrenal gland Cerebellum and Cerebrum Placenta

Kanowna Island

Aborted fetuses (n = 28)

10% F 28 28 24 27 11 21 22 28 21 21 21 7

RNA Later 28 28 0 27 0 21 22 0 6 0 0 7

Full-term placentas (n = 66)

10% F 32

RNA Later 66

Seal Rocks

Aborted fetuses (n = 19)

16 16 15 14 10 12 12 16 13 13 9 2

18 15 0 13 0 12 12 0 0 0 0 2

Respective sample sizes (n) for preservation in 10% formalin (F) and RNA Later proprietary preservative are shown.
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TABLE 2 | Primers and probes used for qPCR assays for the detection of Coxiella
burnetii DNA in tissue samples from Australian fur seals (Arctocephalus pusillus
doriferus).

Assay Primer/
Probe

Sequence (5′–3′) Final concentration
(nm)

Amplicon
size (bp)

Com1 Com1_F AAAACCTCCG
CGTTGTCTTCA

400 76

Com1_R GCTAATGATACTT
TGGCAGCGTATTG

400

Com1_P FAMa-
AGAACTGCCCATT
TTTGGCGGCCA-
BHQ1b

200

htpAB htpAB_F GTGGCTTCGC
GTACATCAGA

400 114

htpAB_R CATGGGGTT
CATTCCAGCA

400

htpAB_P FAM-
AGCCAGTACGGT
CGCTGTTGTGGT-
BHQ1

200

All primers and probes were synthesized by Integrated DNA technologies (IDT).
The positive control, Nine Mile Phase II, Clone 4 (RSA439) was obtained after
repeated passage in Vero cells and diluted to give Cq values between 26 and
30 per amplification.
Prepared single use aliquots and stored in −20◦C.
a6-Carboxyfluorescein.
bBlack Hole Quencher-1.

detection at 50◦C for 3 min, thereby activating the uracil DNA
glycosylase (UDG) in the SuperMix. Cycling then occurred at
95◦C for 5 min to activate the platinum Taq DNA polymerase.
For both the com1 and htpAB assays, 40 cycles of denaturation at
95◦C for 20 s, with annealing and elongation occurring at 60◦C
for 40 s were used to amplify the Cb DNA. Data were analyzed
using proprietary Mic PCR software version 2.8.13. A positive
reaction for Cb DNA on either of the two qPCR was considered a
positive result.

Immunohistochemistry
For immunohistochemistry (IHC), paraffin wax embedded
placental sections were stained with anti-Coxiella antibodies
(dilution 1:2,500) of only the PCR positive samples. PCR negative
normal full-term goat placenta was used as the negative control
tissue and the positive control was goat placenta with a known
positive immunohistochemical staining for intracytoplasmic Cb.
The assay was previously developed in-house at the University of
Melbourne and internally validated; for details see Muleme et al.
(2021).

Immunohistochemistry staining was applied to all placentas
that produced a positive result on either of the two qPCRs
and for which formalin fixed tissue was available (n = 11).
Sections of formalin-fixed tissue of 5 µm thickness were
mounted and deparaffinized on slides and then rehydrated with
ethanol. Antigen retrieval was performed using a commercial kit
(DAKO ARS S1700, Agilent, Santa Clara, CA, United States),
the primary antibody was applied in 1:2500 and allowed to
incubate for 30 min. Nova Red Chromogen Substrate (Vector
Laboratories, Burlingame, CA, United States) was applied as

per the manufacturer’s instructions and the slides were then
counterstained with hematoxylin.

RESULTS

Routine histopathology did not show any Cb organisms in
any of the aborted fetal material including the associated
aborted placentas. There were various non-specific lesions
present throughout the fetuses, but none were positive for
Cb. Amnion aspiration was commonly detectable through the
presence of increased numbers of squamous epithelial cells
present in the alveoli of the fetal lung and present in 29.8%
of aborted fetuses. Nearly a fifth (23.4%) of the fetal lungs
had what appeared to be histiocytic pneumonia with occasional
neutrophilic infiltrates. There were non-specific cardiac lesions
in 14.9% of the aborted fetuses including lymphohistiocytic
epicarditis, regional myocarditis and myocardial necrosis. Of
all the full-term placentas examined histologically on routine
hematoxylin and eosin staining, intracytoplasmic bacteria were
only detectable in one sample. The organisms were not uniformly
distributed, but when present formed stippled cytoplasmic
inclusions with characteristic foamy appearance within the
placental trophoblasts (Figure 1). The Cb organisms did not
appear to be associated with significant inflammatory reactions.

The grading of placental inflammatory lesions on HE,
did not correlate with the presence of Cb as determined
by qPCR. Placental inflammatory changes were quite focal
and, even in more dramatic instances, were often interspersed
with large amounts of normal appearing placenta. Many of
the inflammatory changes appeared to be associated with
the normal birthing process. These included focal areas of
hemorrhage and thrombosis, mononuclear and neutrophilic
white cell infiltration not associated with organisms or significant
necrosis, mild fibrin deposition and the accumulation of surface
cellular debris. Trophoblast necrosis was commonly seen as
large strips of necrotic tissue surrounded by normal placental
architecture. Occasionally the necrotic areas of trophoblast were
associated with regions of fibrosis and mild focal calcification
in 7.6% of placentas examined microscopically. The latter are
not acute changes and not assumed to be associated with
normal parturition.

A total of 45 third trimester abortions and a single full-term
still birth collected from Kanowna Island and Seal Rocks were
tested with both the htpAB and com1 qPCR. Due to scavenging
by gulls, placental tissue was rarely available for the abortions and
only nine (including the full-term still birth) were recovered and
tested with the aborted fetuses. Coxiella burnetti DNA was not
detected in any of these samples, except for the placental tissue
of the full-term still birth. On the other hand, when the full-term
placentas were evaluated using both qPCR, a substantial number
of samples produced a positive result for the presence and
amplification ofCbDNA. The htpAB produced 27 positive results
from 66 samples (40.9%), whereas the com1 produced seven
positive results from 66 full-term placental samples (10.6%).
All samples that produced a positive com1 amplification were
also positive for amplification on the htpAB (Table 3). The

Frontiers in Marine Science | www.frontiersin.org 4 January 2022 | Volume 9 | Article 809075

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-09-809075 January 19, 2022 Time: 15:4 # 5

Gardner et al. Coxiella Aus Fur Seals

FIGURE 1 | Typical foamy Coxiella burnetii cytoplasmic inclusions within the placental trophoblasts are indicated by solid black arrows, 40×, hematoxylin and eosin
stain.

quantification cycle (Cq) values ranged from 27.91 to 38.19 for
the com1 and 24.58 to 39.64 for the htpAB. Using a Fisher’s exact
test, it appears that there is a statistically significant predicted
difference using at a 95% confidence interval with a p value of
0.05 of 0.0238 between the presence of Cb in full-term placentas
and the placental tissue of third trimester abortions.

Only full-term placentas that produced a positive result
on the htpAB qPCR and for which formalin-fixed tissue was
available were evaluated using IHC (n = 11). One of these
placentas produced a positive result on IHC for immunoreactive
coccobacilli (Figure 2), being the sample that was identified on
routine histopathology. The IHC produced minimal non-specific

TABLE 3 | Summary of all test results for Coxiella burnetii in Australian fur seals
(Arctocephalus pusillus doriferus) from Victoria, across all samples and testing
modalities.

HE IHC com1 htpAB

Aborted fetuses 0% (0.00;
0.08)

0% (0.00;
1.79)

0% (0.00;
0.08)

0% (0.00;
0.08)

(0/45) (0/1) (0/45) (0/45)

Still births 0% (0.00;
1.79)

0% (0.00;
1.79)

100%
(0.79; 2.00)

100%
(0.79; 2.00)

(0/1) (0/1) (1/1) (1/1)

Full-term placentas 3.3%
(29.99;
30.17)

10% (9.98;
10.40)

10.6%
(65.95;
66.20)

40.9%
(65.70;
66.53)

(1/30) (1/10) (7/66) (27/66)

Results shown as percentage (95% CI - lower; upper) and number of positive
samples/total number of samples tested in brackets underneath.
HE, hematoxylin and eosin stain on histopathology; IHC, immunohistochemistry.

staining of degenerate surface non-Cb material and was relatively
easy to evaluate.

DISCUSSION

With a detected Cb prevalence ranging from 10.6 to 40.9%,
this study brings to question what significance Cb holds for the
reproductive ecology of Australian fur seals. C. burnetii is known
to typically cause abortions, premature birth and other indirect
negative impacts on reproduction (Agerholm, 2013). There is
a growing body of evidence that Cb is associated with chronic
infertility, especially in cattle that do not show the typical overt
clinical signs of large-scale abortions as is seen in goats (De Biase
et al., 2018). In 2018, it was first described that Cb can produce
chronic endometritis in dairy cattle with resultant chronic sub-
fertility (De Biase et al., 2018). The results of this study in
full-term, previously presumed healthy births might indicate that
Australian fur seals experience chronic sub-fertility in part from
Cb infection.

Reduced pup abundance has been observed in Australian
fur seals at various colonies (McIntosh et al., 2018). Increased
pup mortality has also been noted in unpublished observations
at Seal Rocks (McIntosh, unpublished data). Some of the
colonies exhibit high rates of third trimester abortions (Gibbens
et al., 2010). At present the exact cause of the decreased
Australian fur seal pup numbers in certain colonies is unknown.
C. burnetii is currently an important emerging disease in wildlife
(González-Barrio and Ruiz-Fons, 2019) and is widely reported
on the Australian mainland (Mathews et al., 2021). Considering
the detected prevalence of Cb in full-term placentas, it brings
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FIGURE 2 | Immunoreactive coccobacilli typical of Coxiella burnetii stain a brick red-orange on immunohistochemistry are indicated by solid black arrows, 40×.

to question if this may potentially have significant impacts on
post-partum pup survival.

It has been noted that Australian fur seals tend to have higher
rates of abortion in young females despite younger females having
high rates of pregnancy (Gibbens et al., 2010). Potentially if
younger females are naïve to Cb infection, this could contribute
to higher rates of abortion, especially if combined with other
environmental stressors. When Cb infection shows endemic
circulation in a population, older animals often inadvertently
develop more effective immunity (González-Barrio and Ruiz-
Fons, 2019). These negative reproductive outcomes could be
contributing to a direct lack of recruitment in the Australian fur
seals colonies at both study sites through premature and full-term
loss of pregnancy. Furthermore, if Cb can produce chronic sub-
fertility in Australian fur seals, this would additionally decrease
the fecundity of breeding colonies and could contribute to the
observed slow population recovery rate.

Routine HE histopathology and IHC had poor sensitivity for
the detection of infection with Cb. Full-term placentas regularly
had minor histopathological changes that were presumed in
most cases to be associated with normal parturition rather than
distinct Cb-related pathology. The typical lesions described in
this study, including surface debris accumulations associated
with placental necrosis, inflammatory white cell infiltrations,
thrombosis and occasional mineralization have been identified
as non-specific changes associated with parturition and are
not necessarily indicators of infectious placentitis in bovine
placentas (Botta et al., 2019). In the routine histopathology
and the immunohistochemical staining, the distribution of
the presence of Cb in the placental tissue was patchy.
These results are similar to findings published in a study
of several marine mammals of the Pacific Northwest of the

United States, which found that IHC is quite insensitive for
detecting the presence of Cb in marine mammal placentas
(Kersh et al., 2012).

The sensitivity of detection with IHC was very low at 9.1% for
qPCR Cb positive samples in the study of marine mammals of the
Pacific North-West (Kersh et al., 2012). In a study of northern fur
seals, where qPCR was employed in conjunction with IHC, only
3% of placentas evaluated were positive on IHC, compared to
qPCR that showed a 74.7% detection rate for Cb using the com1
gene (Duncan et al., 2012). Similarly reported low detection rates
of 11% using IHC compared to 30% for the com1 qPCR have
been recorded in marine mammals in the Pacific Northwest of
the United States (Kersh et al., 2012).

Molecular testing was found to be a more sensitive modality
for the determination of the presence ofCb in Australian fur seals.
The authors believe the difference in detection of Cb between
the abortions and full-term placentas is an inability to detect
the organism due to a small sample size for placentas from
the abortions. In the few reports of abortions associated with
Cb in marine mammals, there were no fetal lesions and Cb
organisms could only be detected in placental tissue (Lapointe
et al., 1999; Kersh et al., 2010). The results presented here support
this being the same in Australian fur seals. It is well documented
that the placenta acts as a barrier to pathogens entering the
fetus and is a far more common site of infection (Robbins
and Bakardjiev, 2012). On the other hand, with abortions being
sporadic and not synchronized as is pupping, the risk for cross
contamination might also be lower, while the high prevalence in
full-term placentas could be at least partially the result of such
cross contamination.

Strict care was taken in the field sampling to avoid
environmental and cross-contamination of samples. It is not
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certain if some of the higher Cq (Quantification cycle)
values of the qPCR indicate low levels of Cb across most
samples or if those with higher Cq values potentially indicate
a degree of environmental contamination at the time of
maternal expulsion. During the pupping season there are dense
congregations of females simultaneously giving birth, potentially
increasing the risk of cross-contamination between infected and
uninfected placentas.

The association of Cb with Australian fur seal placental tissue
does not necessarily prove causality but highlights the need to
determine whether this infectious organism is in part responsible
for the decreased pup production of this species and its lower-
than-expected recovery rate. The results of the present study are
geographically restricted, with all samples collected from two
colonies and all the positive samples from only one of these,
Kanowna Island. The significance of Cb infection to Australian
fur seals within this positive colony is not known and is even
less so for the other colonies within the species’ range. Indeed,
very little is known of the importance of this pathogen in other
marine mammals. Its origin in Australian fur seals is unknown
and further genetic investigations are required to determine
if it is related to spillover of terrestrial Australian genotypes
or if it potentially an endemic marine adapted form of Cb.
Such information is of importance as these two scenarios have
completely different environmental implications.

There are significant zoonotic considerations to the findings
presented here. Historically, persons working within the livestock
industry, especially those working with small ruminants and in
the abattoir industry have been associated with an increased risk
of zoonotic exposure to Cb (Mathews et al., 2021). A highly
effective national Cb vaccination strategy has been in place in
Australia since 2002 for persons at high risk in the abattoir and
farming sector (Gidding et al., 2009). It has become apparent,
though, that wildlife rescuers and rehabilitators are twice as likely
compared to the general Australian public to be exposed to Cb
and seroconvert (Mathews et al., 2021). It is also well documented
that Australia has one of the highest recorded rates of Q-fever
infection in the world (Bond et al., 2018).

Coxiella burnetii can persist in the environment for many
years as the SCV, which is extremely resistant to inactivation
through environmental degradation (Eldin et al., 2017). This
SCV is also highly infectious and even in dilute environmental
numbers is still a considerable zoonotic risk (Eldin et al., 2017).
Taking into consideration the sheer numbers of animals giving
birth in Australian fur seal colonies and the often dry and windy
weather conditions during the pupping season (November–
December) (O’Grady and McInnes, 2010), there is a clear need
to investigate if these conditions pose an occupational health and
safety concern for human activities in and around Australian
fur seal colonies and if there is a seasonal difference in these
risks. In the interim it may well be important to ensure adequate
vaccination of persons working in these situations as they should
be considered high-risk for potential Cb exposure.

Australian fur seals have overlapping foraging areas, haul-
outs and breeding colonies with other pinnipeds including
New Zealand fur seals (Arctocephalus forsteri) and Australian sea
lions (Shaughnessy et al., 2010; Hoskins et al., 2017). This could

serve as a source of cross-species transmission and could have
potentially serious risks to the already endangered Australian
sea lion population. In South Australia (Kangaroo Island and
Casuarina Island), New Zealand fur seals and Australian sea lions
have in recent years had increasing contact with Australian fur
seals as they expand their breeding range into South Australia
(Shaughnessy et al., 2010). The Australian sea lion is Australia’s
only endemic pinniped, is classified as endangered and currently
shows a decreasing population size facing a variety of population
risks (Goldsworthy et al., 2021). If this population is naïve for
Cb, there is the potential for introduction through expansion
of Australian fur seal colonies that results in additional risk to
an already unstable population. Unpublished observations from
researchers working on Cape Bridgewater and Lady Julia Percy
Islands have noted the presence of male Australian sea lions
in Australian fur seal colonies. At present Cb has only been
investigated in female animals and abortions. The risk that males
pose to transmission of the organism is unknown. Alternatively,
if Cb is already present in the population it would need to
be explored as a possible contributing factor to the population
decline of this endemic marine mammal.

To the authors’ knowledge this is the first description of Cb
in a marine mammal in the southern hemisphere despite the
organism being first described on the Australian mainland nearly
a century ago. It is currently unknown if the terrestrial and
marine Cb organisms are of the same genotype. It is critical
to understand the relationship between Cb in Australian fur
seals and terrestrial genotypes of the organism. There is some
preliminary evidence that genotypes might display a degree of
host specificity (González-Barrio et al., 2016). Understanding the
significance of this well-known zoonotic abortifacient organism
is very important both to the ecology of Australian fur seals
and other marine mammals. Additionally, also as a potential risk
factor to researchers and ecotourism operators conducting work
with and in the vicinity of Australian fur seal colonies.
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