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Seroprevalence of Coxiella burnetii in pig-hunting dogs from north

Queensland, Australia
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The causative agent of Q fever, Coxiella burnetii, is endemic to
Queensland and is one of the most important notifiable zoonotic
diseases in Australia. The reservoir species for C. burnetii are clas-
sically ruminants, including sheep, cattle and goats. There is
increasing evidence of C. burnetii exposure in dogs across east-
ern and central Australia. The present study aimed to determine
if pig-hunting dogs above the Tropic of Capricorn in Queensland
had similar rates of C. burnetii exposure to previous serosurveys
of companion dogs in rural north-west New South Wales. A total
of 104 pig-hunting dogs had serum IgG antibody titres to phase
| and phase 2 C. burnetii determined using an indirect immuno-
fluorescence assay test. Almost one in five dogs (18.3%; 19/104;
95% confidence interval 9.6%-35.5%) were seropositive to C. bur-
netii, with neutered dogs more likely to test positive compared
to entire dogs (P = 0.0497). Seropositivity of the sampled pig-
hunting dogs was one of the highest recorded in Australia.
Thirty-nine owners of the pig-hunting dogs completed a survey,
revealing 12.8% (5/39) had been vaccinated against Q fever and
90% (35/39) were aware that both feral pigs and dogs could
potentially be sources of C. burnetii. Our findings indicate that
pig hunters should be aware of the risk of exposure to Q fever
during hunts and the sentinel role their dogs may play in C. bur-
netii exposure.
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oxiella burnetii, the causative agent of Q fever, is an obligate

intracellular bacterium responsible for one of the most

important zoonotic diseases in Australia."™* Originally
called ‘Query fever’, the disease was first described in Queensland
(Qld), Australia in the 1930s.° Ruminants, such as cattle, sheep and
goats, remain the primary animal reservoir for the bacterium,> °°
experiencing largely subclinical infections with occasional reproduc-
tive impairment,” '° including abortion, dystocia, reduced fertility
and neonatal deaths” ° Indeed, contact with aborted ruminant
reproductive materials and the normal products of parturition are
considered high risk exposures for Q fever in humans.® & '171°

The stable nature of the bacterium in the environment means it can
remain viable in soil for more than 4 months and persist as an aero-
sol for a fortnight.lo’ 17719 Cases of Q fever have been recorded in
humans with no direct exposure to ruminants and are thought to

have originated through aerosol or environmental contamination.®
17, 19-22

In humans, Q fever causes variable symptoms. About 60% of cases
are asymptomatic infections,”® with up to 40% of people experienc-
ing severe flu-like symptoms including fever, chills, headaches, mus-
cle and joint pain, fatigue and malaise.** Complications include
hepatitis, pneumonia, valvular endocarditis, osteomyelitis and
post-Q fever fatigue syndrome.”® Acute symptoms in humans gen-
erally start 2-3 weeks after initial contact with infective propagules
of the organism." * & 27

Q fever is a nationally notifiable disease in humans, with 86% of
cases arising from Qld and New South Wales (NSW)," 2 2% and
QId responsible for more than half of all Q fever notifications in
Australia annually.> *° There are 6.3 cases per 100,000 people in
Qld, which is more than double the rate of the next highest state
(NSW). The human Q fever notification rate for regions above the
Tropic of Capricorn in Qld between 2016 and 2021 is shown in
Figure 1.*!

Certain occupations are at greater risk of developing Q fever than
others, largely due to interactions with ruminants. Abattoir workers,
dairy farmers, veterinarians and saleyard workers are all considered
at increased risk compared with the general public®® '* '& 30
Although not recognised as a significant source of human infection,
both feral (prevalence rates 1.5%-5.9%) and domestic pigs (preva-
lence rate 6.8%) overseas have tested positive to C. burnetii with
ELISA, immunofluorescence assay (IFA) or PCR testing.”’ 3 In
Australia, one study using an unvalidated ELISA, reported that 22%
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Figure 1. Human Q fever notifications to
Queensland Health from Hospital and Health
Services regions above the tropic of Capri-
corn in Queensland, Australia from January
2016 to 19 December 2021.
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Table 1. Summary of canine Coxiella burnetii prevalence data in Australia from published studies until November 2021

Location Year Sample size Sample source Method of detection Prevalence References
Townsville (Qld) 1984-1985 100 Pet dogs ELISA 16% 39
Townsville (Qld) 2006-2007 101 Pet dogs ELISA 21.8% 39
Qld (various) 2012 127 Dingoes ELISA 17.3% 34
Qld (various) 2013 574 Pet dogs PCR 5% 19
Sydney (NSW) 2010-2012 309 Breeding dogs IFA 2.3% 37
Sydney area and 2010-2014 328 Pet dogs IFA 3% 37
Wagga Wagga (NSW)

Regional NT and NSW 2000-2014 321 Camp dogs IFA 6.5% 37
Sydney (NSW) 2011-2012 265 Shelter dogs IFA 1.9% 37
North-west NSW and NT 2013-2014 96 Camp dogs IFA 4.2% 38
Remote NSW 2016-2018 330 Camp dogs IFA 26.1% 10

of feral pigs in northern Queensland were seropositive to C.
burnetii.**

Feral pig hunting is a popular activity in rural and remote Qld, with
most hunters using dogs as a hunting aide.> ¢ Although pig
hunters are not recognised by human health authorities in Qld as
being an at-risk group for Q fever, their exposure to the environment
and feral pigs, potential hunting of other wildlife species like mac-
ropods and interaction with dogs may be associated with an
increased risk. Increasingly, species other than ruminants are being
implicated as potential sources of infection including cats and dogs,
both of which have been associated with human outbreaks of Q
fever, usually linked with attendance at parturition.” > >~

There are few epidemiological studies on C. burnetii prevalence in
dogs in Australia. Only six serosurveys have been conducted on
canids in Australia to date!® ' 3 3773 (Table 1). The role of dogs
in human C. burnetii infections remains unclear, and with limited
understanding of the prevalence of C. burnetii in the Australian dog
population, humans who interact with parturient dogs such as veter-
inary staff and owners, may not take appropriate safety precautions
to mitigate the potential infectious disease risk.

This study aimed to determine if pig-hunting dogs above the Tropic
of Capricorn in Qld had similar rates of C. burnetii exposure to com-
panion dogs in rural NSW. We hypothesised that at least 10% of
pig-hunting dogs would be seropositive to C. burnetii; more than
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urban companion dogs in NSW (1.9%-2.3%),”” but less than rural
companion dogs in far north-west NSW (26.1%)."°

Materials and methods

Sample population of pig-hunting dogs

Veterinary clinics from above the Tropic of Capricorn in central,
north and far north Queensland were approached via email and in
person, to participate in this study. Clinics were chosen primarily
based on location, as it was assumed pig hunters were more likely to
utilise clinics in rural and regional areas. Eight clinics opted to par-
ticipate in the study from the regions around Sarina, Clermont, Pros-
erpine, Charters Towers, Tully, Innisfail, Malanda and the Atherton
Tableland (Figure 2).

All dogs enrolled in the study were older than 6 months-of-age at
the time of sampling. The key inclusion criteria for the study speci-
fied that the dog must be currently used for pig hunting. Veterinary
clinics provided medical histories for each patient, and the following
data were captured at the time of sampling: the dog’s age, breed, sex,
reproductive state (sexually intact versus neutered) and vaccination
history. Animal ethics approval was obtained from The University of
Sydney Animal Ethics Committee (approval number 2018/1341).

A registered veterinarian performed a physical examination and
determined each dog as clinically normal prior to sampling. Whole
blood (3-5 mL) was collected via cephalic venepuncture, stored on
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Figure 2. Location of participating veterinary clinics in a 2018
serosurvey of pig-hunting dogs from above the tropic of Capricorn in
Queensland, Australia.

ice and allowed to clot. Serum was then collected from the sample,
aliquoted and stored at —20°C until IFA testing was performed at
the Sydney School of Veterinary Science, The University of Sydney,
New South Wales, Australia.

Owner survey

Dog owners self-identified their dogs as pig-hunting dogs and com-
pleted a survey while their dogs were examined by a veterinarian.
The paper-based survey (Appendix S1) comprised of 34 questions:
30 closed or semi-closed questions and four open ended questions.
There were five themes in the survey: demographic information
about the owner; information about the dog; hunting style and geo-
graphic region of hunts with their dog; the health of their dogs; and
their knowledge and awareness of zoonotic disease risks during
hunts. The survey obtained human ethics approval from The Uni-
versity of Sydney Human Research Ethics Committee (approval
number 2018/317).

IFA testing

Indirect IFA testing for phase I and phase II IgG antibodies was con-
ducted using a commercially available, human indirect IFA kit
(Vircell, Spain), with phase I and phase II antigens separated into
different wells and adapted and verified for use in dogs, as described
previously.'® *” The adaptations included replacing the supplied
human fluorescein isothiocyanate (FITC) conjugate with anticanine
IgG FITC conjugate (CJ-F-CANG-10ML, Veterinary Medical and
Research Development [VMRD]), and utilising positive control sera
from a dog at the centre of a Q fever outbreak,®” as well as the sup-
plied human positive and negative controls.
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Dogs were initially screened with sera diluted at 1/64, with this cut-
off determined by previous studies as it provides a clear distinction
between bacterial fluorescence and background fluorescence at this
titre.”” Positive sera then underwent twofold serial dilutions to deter-
mine the final titre for both phase I and phase II antibodies based on
fluorescence. A BX60 epifluorescence microscope (Olympus, Mel-
ville, NY, USA) was used to read slides at a 400x magnification
(wavelength: excitation 490 nm, emission 530 nm). Two of the
authors (BO and JN) independently read each slide. Samples were
considered seropositive if phase I and/or phase II antibody titres
were 1/64 or greater.

Data analysis

The age and serostatus of pig-hunting dogs, the relationship between
housing type and seropositivity as well as the likelihood of positive
cases being from the same household, were compared using Mann-
Whitney U tests. Two-tailed Fisher’s exact tests were used to com-
pare the likelihood of male and female dogs recording seropositive
titres as well as the role of neuter status in seropositivity. A signifi-
cance level of P < 0.05 was used for all statistical tests.

Results

Pig-hunting dogs

A total of 104 pig-hunting dogs were sampled from above the Tropic
of Capricorn in Qld, Australia. Nineteen dogs (18.3%, 95% CI 9.6%-
35.5%) were seropositive to C. burnetii on IFA. Twelve dogs had IgG
titres to both phase I and phase II, seven dogs had IgG titres to phase
II only, while no dogs were seropositive to phase I IgG titres alone
(Table 2).

There was no significant difference in age between seropositive
(median age 2 years; IQR 2-6 years) and seronegative dogs (median
age 3 years; IQR 2-5 years) (P = 0.99; Mann-Whitney U test). Like-
wise, there was no relationship between sex and seropositivity (11/60
males vs 8/44 females; P = 1; Fisher’s exact test, two-tailed). How-
ever, neutered dogs (7/20; median age 6; IQR 4-8.5) were more likely
to be seropositive than entire dogs (12/84; median age 2; IQR 1.7-
3.25) (P = 0.0497; Fisher’s exact test, two-tailed).

Seropositive dogs were more likely to come from households where
multiple dogs tested seropositive (P < 0.00001; Mann-Whitney U
test). Some regions had higher rates of seropositivity than others
(Table 3). Three regions — Charters Towers, Malanda and Tully -
had more than 30% of dogs test positive for Coxiella burnetii
antibodies.

Owner survey

A total of 39 owners returned the survey (Appendix S1). Just over
one third of owners (35.8%; 14/39) indicated they kept their pig-
hunting dogs in their home or house yard, with the remainder
(64.2%; 25/39) noting their dogs lived primarily in separate kennels.
No relationship between housing type and seropositivity was found
(P = 0.86; Mann-Whitney U test).

Regarding Q fever vaccination, five respondents (12.8%; 5/39) indi-
cated they had received a Q fever vaccination, while 27 said they had
not been vaccinated against Q fever (60.2%; 27/39) and seven were
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Table 2. Signalment and IgG titre for Coxiella burnetii seropositive pig-hunting dogs tested in 2018 from above the tropic of Capricorn, Queensland

using an indirect immunofluorescence assay

Breed or type Age (years) Sex Location Phase | IgG titre Phase Il IgG titre
Bull Arab X 6 MN Malanda Negative 1/256
Border Collie X 11 FN Malanda Negative 1/256
Bull Arab X 6 MN Malanda Negative 1/256
Pit Bull Terrier X 7 MN Proserpine 1/256 1/128
Bull Arab X 10 FN Clermont 1/128 1/128
Wolfhound X 2 MN Charters towers 1/256 1/256
Staffordshire Terrier X 2 FN Charters towers 1/256 1/256
Bull Arab X 0.5 M Malanda Negative 1/256
Wolfhound X 2 F Malanda Negative 1/64
Bull Arab X 3 F Malanda Negative 1/64
NQ Bullhound 2 F Malanda 1/64 1/64
Cattle Dog X 0.5 M Malanda 1/256 1/256
Bull Terrier X Boxer 0.9 M Malanda 1/128 1/64
Jack Russell Terrier 2 M Malanda 1/256 1/256
Bull Arab X 4 F Tully Negative 1/64
Cattle Dog X 2 M Tully 1/128 1/128
Cattle Dog X 2 F Clermont 1/64 1/256
Ridgeback X 7 M Clermont 1/256 1/128
Bull Arab X Wolfhound 5 M Charters towers 1/64 1/128

F, female intact; FN, spayed female; M, male intact; MN male castrated; X, crossbred.

Table 3. Coxiella burnetii seropositive results in pig-hunting dogs tested in 2018 from veterinary clinics above the tropic of Capricorn in Queens-

land, Australia

Region Number of seropositive dogs Total dogs Percentage of seropositive dogs (%)
Atherton 0 5 0

Clermont 3 36 83

Charters towers 3 50

Innisfail 0 5 0

Malanda 10 30 33

Proserpine 1 19 55

Tully 2 3 66.6

unsure. To the best of their knowledge, no owner had contracted Q
fever previously. Most respondents (35/39; 90%) were aware that
both feral pigs and pig-hunting dogs could be sources of C. burnetii.

Discussion

Almost one in five pig-hunting dogs in our research cohort from
above the Tropic of Capricorn in Qld, Australia was seropositive for
C. burnetii (Table 2). This rate of seropositivity is high compared to
previous canine serosurveys which used IFA to investigate seropreva-
lence in breeding dogs, urban companion dogs and dogs from
remote First Nations communities across NSW and the Northern
Territory (NT).”” *® The seropositivity rate of pig-hunting dogs in
QId, however, was lower than companion dogs in far north-west

© 2022 The Authors. Australian Veterinary Journal published by John Wiley & Sons Australia,
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NSW, which to date has recorded the highest seropositivity in
canines in Australia.'® Issues with the prevalence rates found in ear-
lier serosurveys using ELISA above the Tropic of Capricorn in Qld
have been discussed previously and include using an ELISA
optimised for mice and using pooled samples as positive and nega-
tive controls.'” *” This was the first study examining C. burnetii
exposure in pig-hunting dogs and adds to our growing understand-
ing of the epidemiology of C. burnetii in dogs in Australia. Pig-
hunting dogs in Qld have been shown to be at high risk for canine
heartworm disease*® and Leptospira spp. exposure,* and their expo-
sure rate to C. burnetii suggests another increased infectious dis-
ease risk.

Although the average seropositivity rate across the pig-hunting dog
cohort was 18.3%, the regions of Malanda, Charters Towers and
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Tully had more than one in three dogs test positive to C. burnetii
antibodies (Table 3). It was established that dogs from the same
household had an increased risk of testing seropositive to C. burnetii.
This is not unexpected, as dogs living and hunting together would
face similar environmental sources of exposure. There was no rela-
tionship between age or sex and seropositivity, however neutered
dogs were found to have an increased risk of C. burnetii seropositiv-
ity compared to entire dogs. This may be due to the increased age of
neutered dogs, reflecting a potential cumulative lifetime exposure
risk. Establishing the validity of this increased risk requires further
investigation with a larger, more diverse sample of dogs from across
Queensland to determine if this relationship holds true.

Feral pigs have been found to shed C. burnetii in Australia and over-
seas.'” ** The increased rates of seropositivity in pig-hunting dogs
may be due to direct contact with feral pigs, although it is more
likely their increased environmental exposure during hunts, and
rural lifestyle, increases their exposure risk compared to urban
dogs.'® Like humans, dogs living in rural and agricultural regions
appear to have an increased risk of seropositivity to C. burnetii, pos-
sibly due to environmental contamination of dust and soil from live-
stock.'” ' 27 In addition, exposure to marsupials and ruminants
may be indirectly increased by hunting in livestock paddocks and
environments where animals converge,50 and there are anecdotal
reports of pig hunters shooting kangaroos to feed their dogs, with
feeding fresh kangaroo meat a potential risk factor for Coxiella expo-
sure in cats and dogs.’

The single time point nature of this serosurvey is associated with sev-
eral limitations. We can determine past exposure to C. burnetii from
this study, but we are unable to establish the timing of exposure or
whether the exposure resulted in clinical or subclinical disease for
the animal such as abortion in entire female pig-hunting dogs. Previ-
ous research conducted on companion dogs in far north-west NSW
found no detectable C. burnetii in blood or reproductive organs.'
Future investigations of C. burnetii exposure in pig-hunting dogs
should include a ‘control’ population of nonhunting farm or com-
panion dogs to isolate the risk posed by hunting compared to other
environmental interactions such as herding livestock. As pig-hunting
dogs travel widely with their owners,> > it is challenging to identify
the exact location of C. burnetii exposure.

A key finding from our research was the rates of Q fever vaccination
amongst the pig hunters who enrolled their dogs in our serosurvey.
None of the owners surveyed indicated they had previously been diag-
nosed with Q fever, although the majority were aware that feral pigs
and dogs may be a source of infection. Five (12.8%) of the respon-
dents indicated they had been previously vaccinated against Q fever. It
is likely this rate of Q fever vaccination is much higher than the gen-
eral public, however as Q fever vaccination data are not collected on a
state or national basis, we were unable to make this comparison.
Although a Q Fever Register exists, it is privately run and does not
capture data on vaccination rates.”Given our results demonstrate a
relatively high rate of C. burnetii seropositivity in pig-hunting dogs, it
seems prudent to encourage this vaccination trend and recommend
all pig hunters in QId to strongly consider Q fever vaccination.

It is unknown why Q fever vaccination rates were high for our pig
hunters. It may be that pig hunters are more likely to be engaged in
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agricultural sectors where vaccination is either mandatory or
strongly recommended, such as abattoirs and livestock saleyards.
Alternatively, it might reflect the rural nature of the activity, being a
popular recreation in nonmetropolitan regions of Qld.>* > Further
research into Q fever vaccination rates by occupation may provide
additional insights.

There is mounting evidence of C. burnetii exposure in dogs in
Australia.'” *77* The zoonotic disease risk posed by these dogs
remains poorly understood, and it would be prudent to continue
investigations and surveillance on C. burnetii in dogs to further
explore this possibility. In the interim, pig hunters and veterinary
staff handling parturient pig-hunting bitches and neonates should be
cautious and take appropriate risk mitigation measures such as wear-
ing PPE and vaccination against Q fever.
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