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ABSTRACT

Coxiella burnetii is the causative bacterium of the zoonotic disease Q fever, which is recognised as a public health
concern globally. Macropods have been suggested as a potential source of C. burnetii infection for humans. The
aim of this cross-sectional study was to determine the prevalence of C. burnetii exposure in a cohort of Australian
wildlife rehabilitators (AWRs) and assess Q fever disease and vaccination status within this population. Blood
samples were collected from adult participants attending the Australian Wildlife Rehabilitation Conference in
Sydney in July 2018. Participants completed a questionnaire at the time of blood collection. Antibody titres (IgG,
IgA and IgM) against phase I and phase II C. burnetii antigens as determined by immunofluorescence assay,
revealed that of the unvaccinated participants, 6.1% (9/147) had evidence of exposure to C. burnetii. Of the total
participants, 8.1% (13/160) had received Q fever vaccination, four of whom remained seropositive at the time of
blood collection. Participants reporting occupational contact with ruminants, were eight times more likely to
have been vaccinated against Q fever, than those reporting no occupational animal contact (OR 8.1; 95% CI
1.85-45.08). Three AWRs (2%) reported having had medically diagnosed Q fever, two of whom remained
seropositive at the time of blood collection. Despite the lack of association between macropod contacts and
C. burnetii seropositivity in this cohort, these findings suggest that AWRs are approximately twice as likely to be
exposed to C. burnetii, compared with the general Australian population. This provides support for the recom-
mendation of Q fever vaccination for this potentially ‘at-risk’ population. The role of macropods in human Q
fever disease remains unclear, and further research into C. burnetii infection in macropods including: infection
rate and transmission cycles between vectors, macropods as reservoirs, other animals and humans is required.

1. Introduction

Following human infection, clinical outcomes vary in severity, ranging
from asymptomatic infection with seroconversion, to a flu-like illness. In

Coxiella burnetii is the causative agent of the zoonotic disease Q fever,
which is recognised as a public health concern globally [46]. Infection is
typically acquired via the inhalation of aerosols contaminated with the
bacterium. Although domestic ruminants are the main reservoirs of
human disease [70], direct evidence of C. burnetii infection has also been
identified in a variety of wild and domestic animal species including:
dogs [63], cats [42], horses [44] birds [1] and macropods [10,52,61].

some instances, Q fever may progress to chronic forms including endo-
carditis that may result in death [55]. Additionally, post Q fever fatigue
syndrome is a relatively common clinical sequela to Q fever disease
[45]. The economic impact of Q fever disease in Australia is considerable
with the cost of compensation alone estimated to exceed $AU1.3 million
($US960 000) annually [41].

In Australia, Q fever has been a notifiable human disease in all states
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and territories since 1977 [28]. It is the most frequently reported
directly transmitted zoonosis [47] with the highest Q fever notification
rates typically associated with livestock/meat industry workers in New
South Wales (NSW) and Queensland (QLD) [28]. A safe and highly
effective human Q fever vaccine (Q-Vax®; Seqirus, Parkville, Vic.) has
been available in Australia since 1989, and vaccination is recommended
for high-risk occupational groups such as veterinary personnel, and
abattoir and livestock workers [8]. Recently, the recommendation for Q
fever vaccination (QFV), has been extended to wildlife and zoo workers,
with kangaroos particularly mentioned amongst the list of ‘high risk’
animals [8].

Over the past decade in Australia, there has been an increased inci-
dence in Q fever notifications with minimal known exposure to well-
documented risk factors [3,14-16,26,39,50,66], and there is a
growing body of evidence suggesting macropods, in particular kanga-
roos, represent a potential source of C. burnetii infection for humans.
Coxiella burnetii has been isolated from the ticks of infected kangaroos
[52], and C. burnetii DNA has been identified in kangaroos [10,17,53,61]
and other wildlife including bandicoots [12] and their associated ticks
[12,17]. A Western Australian study found C. burnetii DNA in the faeces
of kangaroos co-grazing with livestock, along with a C. burnetii sero-
prevalence of 33% in these same animals [10]. Furthermore, C. burnetii
DNA was recently detected in samples of raw meat containing kangaroo
sold for pet consumption [61]. Ongoing occupational exposure to kan-
garoo and wallaby carcasses was postulated as a possible source of
C. burnetii infection for a Queensland park ranger who contracted Q
fever in 2015 [65]. Q fever has also been reported in individuals working
in outdoor environments inhabited by kangaroos, or on grounds heavily
contaminated with kangaroo faeces, and in those handling juvenile joeys
[25]. Although molecular evidence of C. burnetii was not found in any of
the kangaroo samples tested, the association with macropods in these
cases was still considered a plausible risk factor for C. burnetii trans-
mission. Combined, these studies suggest that wildlife rehabilitators can
potentially acquire Q fever by handling sick, injured and orphaned
wildlife.

This study aimed to measure the seroprevalence of C. burnetii (Q
fever) antibody in Australian wildlife rehabilitators attending a wildlife
rehabilitator conference, and investigate the association of seroposi-
tivity with risk factors for C. burnetii exposure to determine: 1) the level
of exposure to C. burnetii in rehabilitators of Australian mammalian
wildlife (AWRs), and 2) the potential sources of exposure.

2. Materials and methods
2.1. Study design and recruitment

This cross-sectional study targeted AWRs over 18 years of age
attending the Australian Wildlife Rehabilitation Conference (AWRC),
held on the Camperdown campus of the University of Sydney, Sydney
Australia, in July 2018. Participants were recruited from the conference
delegation over the three days of the conference to complete a self-
administered questionnaire and have a blood sample collected. Partici-
pation was voluntary. This research was approved by the Human
Research Ethics Committee of the University of Sydney (project number
2018/457).

2.2. Sample size calculation

Since the population size of wildlife rehabilitators across the whole
of Australia was not available, an estimation based on the known
number of rehabilitators in NSW was made. The population of NSW was
7.7 million of which approximately 4600 (0.06%) [56] people engaged
in wildlife rehabilitation. The relative proportion of wildlife re-
habilitators residing in other Australian states and territories was pre-
sumed to be similar to NSW and were subsequently calculated using the
Australian Bureau of Statistics 2016 population figures [4]. The
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population estimates from each jurisdiction were summated to give an
estimated national wildlife rehabilitator population size of 14,358. The
sample size for this study was calculated using Statulator software [20].
Assuming a nationwide average of 3% seroprevalence of Immunoglob-
ulin G (IgG) antibodies to C. burnetii [30], an expected response rate of
15% [based on a serosurvey of veterinary workers [58]] and a national
wildlife rehabilitator population size of 14,358, this study would require
a sample size of 117 AWRs for estimating C. burnetii seroprevalence with
8% absolute precision and 95% confidence.

2.3. Questionnaire

Participants completed a questionnaire to accompany their blood
sample (Supplement 1). A unique identification number assigned to each
participant was used to label their questionnaire and corresponding
blood collection tube. The questionnaire consisted of 32 questions (24
closed and eight Likert scale) and was divided across four sections
containing questions on (i) demographics of the rehabilitator and where
they rehabilitated wildlife, (ii) the type of wildlife they rehabilitated and
other animals located on or nearby to the caring residence (iii) their
rehabilitation and husbandry practices, (iv) a history of Q fever disease
(QFD) and vaccination status. Each participant was provided with an
information statement explaining the purpose and expected outcomes of
the research, and written consent was obtained prior to study partici-
pation. At the end of the questionnaire, participants could opt to be
notified of their individual serological results, as well as a receive a
summary of the study outcomes.

2.4. Laboratory methods

2.4.1. Blood sample collection

Approximately 8 mL of blood was drawn from the median cubital
vein of each participant into serum separator tubes (Interpath, Victoria,
Australia) by a certified venepuncturist or registered doctor. The blood
was centrifuged at 4000 xg for 5 min, after which the serum was
removed and stored at 20 °C until transportation to the laboratory.

2.4.2. Indirect inmunofluorescence antibody testing

The serum samples were analysed at the Australian Rickettsial
Reference Laboratory (ARRL), Geelong, Australia using an in-house in-
direct immunofluorescence assay (IFA) accredited by the National As-
sociation of Testing Authorities (accreditation No. 14342). Initial
screening of serum samples was conducted using a 1/25 and a 1/400 (to
detect prozone phenomenon) dilution of sera in 2% casein. Approxi-
mately 2 pL of diluted serum was spotted in duplicate onto a glass slide
coated with C. burnetii Phase I or Phase II antigen (Virion/Serion, Ger-
many). After incubation at 35 °C for 40 min, the slides were washed with
PBS (diluted 1/10) and air-dried before adding a combined conjugate
containing fluorescein-labelled goat anti-human IgA + IgG + IgM (H +
L). The incubation and wash steps were repeated, the slides were dried,
mounted with a cover slip and read using a fluorescent microscope
(400x; Axioskop 40; Zeiss). Positive sera underwent a doubling dilution
series (1/25 to 1/3200 in 2% casein) with and without rheumatoid
factor removal reagent (Virion/Serion, Germany) to reduce non-specific
binding. Each serum dilution was tested against three fluorescein
labelled goat anti-human conjugates, anti-IgM, anti-IgG anti-IgA, and
total conjugate containing anti- IgA + IgG + IgM (H + L) using the
methodology described above. For both screening and titration, positive
and negative human serum samples were included on each slide as
controls, and serum was considered positive if fluorescence was
observed at a dilution of 1/25 or greater. All antibodies were manu-
factured by KPL/ SeraCare (USA). Criteria adapted from Healy et al.
[37] was used to classify exposure with relatively recent exposure
considered if Phase I and/or phase I IgG >1/50 and phase I IgM >1/50
and past exposure if Phase [ and/or phase II IgG >1/50 and phase II IgM
<1/50.
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2.5. Statistical analysis

2.5.1. Data management

Participants completed paper questionnaires, and the data were
manually entered into the secure online platform REDCap (Research
Electronic Data Capture) [35,36], hosted at The University of Sydney,
Australia. A subset (10%) of randomly selected questionnaires were
checked for transcription errors, after which the data were exported into
Microsoft® Excel® (Microsoft Corporation, Washington, USA) for
cleaning and processing. Data analysis was performed using R statistical
program® (R [54]).

2.5.2. Outcome variables and risk factors

The primary outcome variable was whether the rehabilitator was
C. burnetii seropositive or seronegative [Q fever serostatus (QFSS)].
Secondary outcome variables included whether the participant had or
had not been vaccinated against Q fever [Q fever vaccination status
(QFVS)] and whether or not the participant had been medically diag-
nosed with Q fever disease [(Q fever disease status (QFDS)]. All outcome
variables were dichotomous. Descriptive statistics (mean, median and
range for continuous variables, bar charts for categorical variables) were
generated to obtain information regarding the distribution of each
variable. The continuous variables age and number of animals cared for
per year were categorised and then collapsed into condensed categories
for further analyses. Questions regarding animal exposure were
collapsed into four groups as follows: ruminants (cattle, goats, sheep),
macropods (kangaroos and wallabies), domestic species (dogs, cats,
pigs, horses, poultry) and other wildlife species (bandicoots, possums,
flying foxes, koalas, wombats and other wildlife). Responses to questions
which utilised a Likert scale (frequently, occasionally, rarely, never)
were collapsed and categorised as ‘yes’ if the response was frequently or
occasionally, and ‘no’, if the response was rarely or never. Variables with
10% missing data were not included in the statistical analysis. Partici-
pants unsure of their QFVS (5/165) were excluded from the final data
set.

Two additional variables were generated from postcode of residence:
(1) Australian state of residence and (2) Australian Statistical Geography
Standard (ASGS) Remoteness Area. Participant’s postcodes were
matched to the corresponding remoteness area, according to the
Australian Bureau of Statistics (ABS) remoteness structure, which di-
vides Australia into five geographic regions of relative remoteness
(Major cities of Australia, Inner Regional Australia, Outer Regional
Australia, Remote Australia and Very Remote Australia) [5]. Postcodes
spanning more than one remoteness category, were allocated to the
category that contained the majority of the geographic area of the
postcode.

Biosecurity practices were based on two questions in which partici-
pants indicated how frequently (‘always’, ‘frequently’, ‘occasionally’,
‘rarely’ or ‘never’) they utilised the following infection control practices
while handling animals and cleaning enclosures: overalls/protective
outerwear, disposable gloves, safety glasses, face mask, and prompt
hand washing. Biosecurity practices were deemed inadequate if partic-
ipants ‘never’ used any form of PPE when handling animals or cleaning
enclosures. The use of each type of infection control was considered
adequate if ‘always’ or ‘frequently’ was selected. A participant’s bio-
security practice was considered adequate if they ‘always’ or
‘frequently’ used overalls/protective outerwear and practiced prompt
hand washing when handling animals, and additionally wore disposable
gloves when cleaning enclosures. Respondents were considered to
practice enhanced biosecurity when handling animals if they ‘always’ or
‘frequently’ used overalls/protective outerwear, practiced prompt hand
washing and wore disposable gloves, or if all five methods of infection
control were practiced when cleaning enclosures. This assessment and
classification of adequate and enhanced biosecurity were established by
the authors, using recommendations from the Australian Veterinary
Association Guidelines for Veterinary Personal Biosecurity [9], in
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combination with National Wildlife Biosecurity Guidelines (Wildlife
Health [69]).

The fourteen potential risk factors that underwent univariable
analysis for the outcome variables QFSS and QFVS were: age, state of
residence, remoteness area, total years rehabilitating wildlife, total
weeks per year rehabilitating wildlife, animal species residing on their
property or within a 2 km radius, rehabilitating wildlife on own prop-
erty, number of people in the household rehabilitating wildlife, wildlife
species rehabilitated during rehabilitation career, total number of ani-
mals rehabilitated per year, occupational animal contact, present or
assisting with the birth of non-human mammalian species, and bio-
security practices when handling animals and cleaning enclosures. An
additional four risk factors were considered for the outcome variable
QFSS: frequency of rehabilitating macropods over the rehabilitation
career and during the past year, handling orphan joeys and whether the
rehabilitator reported having been bitten by a tick.

2.5.3. Modelling

Univariable logistic regression was conducted to identify associa-
tions between potential risk factors and the outcome variables QFSS and
QFVS. Risk factors with p < 0.3 in the univariable analysis were pro-
gressed to multivariable analysis after evaluation of the strength of as-
sociation between these risk factors using the Cramer’s V statistic. When
the correlation coefficient for a pair of risk factors was >0.7 only the
variable deemed more biologically plausible was included in subsequent
multivariable analysis. Multivariate modelling was performed using
backward selection where the variable with the least significance (Wald
test) was removed sequentially. Variables with p-values <0.1 were
retained in the final model. Occupational animal contact was considered
a potential confounder and included in the multivariable model for the
outcome variable QFSS a priori due to its association with positive
serology.

3. Results
3.1. Responses

Out of 350 AWRC delegates, 165 AWRs volunteered to donate a
blood sample and complete the questionnaire, corresponding to a
response rate of 47.1%. Five participants were removed from the study
due to their inability to recall their QFVS, leaving 160 participants in the
final data set.

3.2. Demographics of Australian wildlife rehabilitators

Of the 160 AWRs, 93.8% (150/160) were female and the median age
of the cohort was 54 years (158/160; 21-79; IQR 45-62). All re-
spondents had been actively rehabilitating wildlife for the past five
years, and 50.6% (81/160) had been rehabilitating wildlife for more
than 10 years. Most participants (96.9%; 155/160) identified their as-
sociation with wildlife was as a rehabilitator, and of these, 29.7% (46/
155) performed other wildlife-associated roles. Amongst the cohort
were: 26 (16.3%) veterinary nurses, six wildlife researchers (3.8%) and
one veterinarian (1%), most of whom (apart from two veterinary nurses)
also classified themselves as a wildlife rehabilitator).

Participants were predominantly from NSW (53.8%; 86,/160) fol-
lowed by Western Australia (WA; 13.1%, 21/160), Victoria (VIC; 12.5%,
20/160), QLD (9.4%; 15/160), South Australia (SA; 6.3%, 10/160),
Tasmania (TAS; 1.9%, 3/160), Northern Territory (NT; 1.3%, 2/160)
and the Australian Capital Territory (ACT;1.9%, 3/160). Although all
Australian states and territories were represented, the proportion of
AWRs residing in NSW was higher, and the proportions in VIC and QLD
were lower (53.8%, 12.5% and 9.4% respectively), compared to the
available total national population estimates for these states (32%, 26%
and 20% respectively) [6]. The proportions within the remaining ju-
risdictions of WA, SA, TAS, ACT and NT (combined 24.4%) were
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comparable to the Australian population distribution. According to the
available data on population distribution via state and remoteness area
(National Rural Health [49]), the proportion of the cohort living in
major cities was lower (48% vs 70%), while the proportion living in
inner regional Australia was higher (39% vs 18%) than the distribution
of the general Australian population. Thirteen percent (20/160) of
AWRs resided in outer regional/remote areas, which was similar to the
population distribution for these remoteness categories (11%).

3.3. Wildlife rehabilitating practices

Of the 160 AWRs, 98.1% (157/160) who rehabilitated animals in the
same state as their residence, 83.7% (134/160) resided in the same
geographical postcode in which their wildlife rehabilitation was un-
dertaken, and 78.6% (125/159) of rehabilitators spent more than 30
weeks per year caring for wildlife. The number of animals cared for per
year ranged from 2 to 1500, with three rehabilitators reporting having
cared for over 1000 animals per year. Of the 93.1% (149/160) of AWRs
who rehabilitated animals on their own property, 20.1% (30/149)
housed animals exclusively within their home, 8.7% (13/149) used
outdoor enclosures and 71.1% (106/149) practiced both housing ar-
rangements. Regarding the primary location at which rehabilitation was
undertaken, 89.4% (143/160) of respondents rehabilitated wildlife
primarily in their home or someone else’s home, 25.0% (40/160) in a
wildlife rescue centre/dedicated wildlife hospital, 13.8% (22/160) in a
veterinary clinic that also treats wildlife and 3.8% (6/160) primarily
rehabilitated wildlife in a zoo. Of the 58.8% (94/160) of AWRs who
reported occupational contact with animals, 37.2% (35/94) had been
exposed to ruminants, 78.7% (74/94) to domestic animals, 53.2% (50/
94) to macropods and 71.3% (67/94) to other animals including wild-
life. Over half of the participants had frequently rehabilitated macro-
pods throughout their wildlife rehabilitation career and in the year prior
(61.9%; 99/160 and 52.9%; 83/157 respectively). Overall, the most
commonly and frequently rehabilitated species, over the duration of
their rehabilitation career and in the year prior (data not shown) were
possums and gliders followed by macropods (kangaroos and wallabies).
Almost all (96.2%, 152/158) had handled orphaned joeys, 43.8% (70/
160) had been bitten by a tick, and 27.5% (44/160) had been present or
assisted with a non-human birth.

Biosecurity practices adopted when handling animals and cleaning
enclosures are presented in Table 1. While the majority of AWRs

Table 1

Biosecurity practices reported by 158 Australian wildlife rehabilitators when
handling animals and cleaning animal enclosures. Results obtained from a sur-
vey conducted at the Australian Wildlife Rehabilitation Conference in Sydney in
July 2018.

Number (%) of participants
when handling animals

Number (%) of participants
when cleaning enclosures

Biosecurity practice

No PPE 5(3.2) 5(3.2)
Prompt hand 153 (96.8) 153 (96.8)
washing
Overalls/ 20 (12.7) 29 (18.4)
protective
outerwear
Disposable gloves 36 (22.8) 61 (38.6)
Safety glasses 5(3.2) 10 (6.3)
Face mask 4 (2.5) 8 (5.1)
Level of biosecurity practice®
Inadequate 138 (87.3) 136 (86.1)
Adequate 12 (7.6) 19(12.0)
Enhanced 8 (5.1) 3(1.9

@ Level of biosecurity practice was based on reported personal protection
equipment (PPE) use and recommendations from the Australian Veterinary
Association Guidelines for Veterinary Personal Biosecurity [9] and National
Wildlife Biosecurity Guidelines (Wildlife Health [69]).
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practiced prompt hand washing after handling animals and cleaning
enclosures, 3.2% (5/158) of AWRs indicated that they did not practice
any form of biosecurity during or after either activity. Disposable gloves
were worn more frequently when cleaning enclosures than when
handling animals (p = 0.002), however the vast majority of AWRs did
not meet adequate biosecurity requirements in either situation, and only
5.1% (8/158) and 1.9% (3/158) practiced enhanced biosecurity when
handling animals and cleaning enclosures respectively.

3.4. Q fever serostatus and investigated potential risk factors

Serological results of vaccinated and unvaccinated rehabilitators are
presented in Table 2. Nine (6.1%; 95% CI 2.8%-11.3%) of the 147 un-
vaccinated participants were C. burnetii seropositive, and all except one
rehabilitator resided in either NSW or QLD. The two participants whose
serological response was classified as ‘recent exposure’ also resided in
NSW and QLD, were unvaccinated and one described themselves as a
wildlife rehabilitator, and the other a wildlife researcher/student. Seven
of the nine (77.7%) seropositive participants had rehabilitated macro-
pods, 5/9 (55.6%) had been present at, or assisted with non-human
births, and 7/9 (77.7%) had been exposed to animals through their
occupation.

Of the 18 potential risk factors investigated for association with
positive C. burnetii serostatus amongst the 147 unvaccinated AWRs, six
had a p < 0.3 in the univariable analyses (Table 3). Participants were
more likely (OR 3.7 95%; CI 0.92-15.60) to be seropositive if they had
been present at, or assisted with non-human births, and participants
residing in QLD were twice as likely (OR 2.3; 95% CI 0.38-14.54) to be
seropositive than those living in NSW. All measures of association
returned a Cramer’s V p value <0.7; therefore all six variables were
included in the multivariable model. Although not significant (p =
0.535) in the univariable analysis, ‘occupational animal contact’ was
considered a confounder, and therefore included in the model. Multi-
variable analysis was unsuccessful in producing a final model of risk
factors associated with a positive QFSS.

3.5. Q fever diagnosis

Three (2%; 95% CI 0.4%-5.8%) of the 147 unvaccinated participants
self-reported having been medically diagnosed with QFD. Two of these
participants (one seropositive and one was seronegative at the time of
blood collection) indicated that their QFD diagnosis occurred >20 years
ago, and both reported animal-associated occupations (beef cattle
breeder and veterinary nurse) and having been present at the birth of
mammals other than humans. The third participant (who was seropos-
itive at the time of blood collection) reported a more recent diagnosis of
QFD (2017). This participant was an engineer whose employment was
non-animal-associated and who had not attended non-human births. All
three QFD confirmed rehabilitators indicated that they had rehabilitated
macropods. Out of the 147 unvaccinated participants, two reported
having had self-diagnosed QFD (without laboratory testing), one of
whom indicated they were ineligible for the Q fever vaccine due to a
positive pre-vaccination screening result in 2012. Although this partic-
ipant was seronegative at the time of blood collection, the reported
positive pre-vaccination test was evidence that this participant had been
exposed to C. burnetii. Due to the small number of participants reporting
having had medically diagnosed QFD, logistic regression analysis was
not performed for this outcome variable.

3.6. Q fever vaccination and investigated potential risk factors

Thirteen (8.1%; 95% CI 4.4%-13.5%) of the 160 participants self-
reported having been vaccinated against Q fever and all reported
never being diagnosed with QFD. The majority (84.6%; 11/13) of the 13
vaccinated participants resided in NSW (7/13) or QLD (4/13) and re-
ported having received the Q fever vaccine through their General
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Table 2
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Serological results, and self-reported Q fever vaccination of, and Q fever disease in, wildlife rehabilitators participating in a Coxiella burnetii seroprevalence survey at

the Australian Wildlife Rehabilitation Conference in Sydney in July 2018.

Phase II C. burnetii antigens Phase I C. burnetii antigens

Occupation State of Residence Year vaccinated Year diagnosed IgA IgM 1gG IgA IgM 18G
Persons with self-reported Q Fever disease

Veterinary nurse/teacher VIC - 1992 - - - - - -
Beef cattle breeder NSW - 2000 - - 1600 - - 1600
Engineer NSW - 2017 100 - 400 - - 200
Persons seropositive and therefore assumed to have been exposed to Coxiella burnetii (clinical or subclinical infection)

Wildlife rehabilitator QLD - - 200 50 400 50 25 100
Retired teacher NSwW - - - - 25 - - -
Veterinary nurse NSW - - - - 50 - - 25
Wildlife researcher/student NSW - - - 200 >3200 - - 100
Writer/editor NSW - - - - 50 - - 25
Veterinary nurse QLD - - 50 - 50 - - -
Company director/farmer WA - - - - 25 - - 50
Persons reporting having received Q fever vaccination

Retired/ farmer /journalist NSW 2013 - - - 50 - - 50
Wildlife catcher/spotter QLD 1998 - - - - - - -
Wildlife rehabilitator QLD 1999 - - - - - - -
Service QLD 2005 - - - - - - -
Home duties NSW 2010 - - - 800 200 50 100
Wildlife catcher/spotter QLD 2010 - - - - - - -
Rescue officer SA 2014 - - - - - - -
Midwife NSW 2015 - - - - - - -
Veterinarian NSW 2015 - - - - - - -
Veterinary nurse/zookeeper NSwW 2015 - - - - - - -
Veterinary nurse/admin Assistant NSW 2016 - - 25 - - 50 50
Veterinary student SA 2017 - - - - - - -
Retired librarian NSwW 2017 - - - 50 - - 100

Numbers correspond to reciprocal antibody titres; Dash (—) = reciprocal antibody titre <25.
VIC - Victoria, NSW - New South Wales, QLD - Queensland, WA - Western Australia, SA - South Australia,

Table 3

Univariable logistic regression analysis of positive serological result for C. burnetii exposure amongst Australian wildlife rehabilitators participating in a survey
conducted at the Australian Wildlife Rehabilitation Conference in Sydney in July 2018. (p < 0.3).

Variable name and description

Q fever Serostatus

Total number Seropositive Seronegative Odds ratio 95% LCL 95% UCL P-value
State of residence 147 0.111
NSW/ACT 6 76 1
Queensland 2 9 2.814 0.375 14.544 0.245
Other 1 53 0.240 0.012 1.454 0.191
Total years rehabilitating wildlife 147 0.288
1-10 3 71 1
more than 10 6 67 2.119 0.537 10.359
Total number of animals rehabilitated per year 143 0.291
0-30 3 64 1
31-100 5 40 2.667 0.620 13.575 0.195
>100 1 30 0.771 0.034 5.810 0.772
Frequency of caring for macropods over rehabilitation career 147 0.275
Infrequently 2 55 1
Frequently 7 83 2.318 15.954 2.769
Present at or assisting with the birth of non-human mammalian species 147 0.063
No 4 103 1
Yes 5 35 3.667 0.924 15.596
Biosecurity practices when cleaning enclosures 145 0.265
None/hand wash only 6 76 1
Handwash + other 2 61 0.415 0.059 1.875
Occupational animal contact 147 0.535*
No animal contact 3 60 1
Contact with ruminants 3 24 2.5 0.436 14.349 0.281
Contact with other animals 3 54 1.11 0.198 6.220 0.900

" p > 0.3 but considered a confounder a priori and therefore included in the multivariable analysis.

Practitioner (GP) (6/13) or a workplace/university vaccination program
(7/13). All rehabilitators who had been vaccinated through a vaccina-
tion program, reported occupational contact with ruminants. Of the 26
(26/160; 15.5%) veterinary nurses participating in this study, 93.3%
(24/26) were not vaccinated two (8.3%) of whom were seropositive.
Univariate logistic regression identified six risk factors (out of 14)

that were associated with having received QFV (p < 0.3) (Table 4). Of
these, ‘occupational animal contact’ was highly significant; AWRs
reporting occupational contact with ruminants were six times more
likely to have received QFV (OR 6.2; 95% CI 1.66-30.09) than those
reporting no occupational contact with animals. The risk factor ‘state of
residence’ was also significant; AWRs residing in QLD were four times
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Table 4
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Univariable logistic regression analysis of Q fever vaccination amongst Australian wildlife rehabilitators participating in a survey conducted at the Australian Wildlife

Rehabilitation Conference in Sydney in July 2018 (p < 0.3).

Variable Name and Description

Q fever Vaccination Status

Total number Vaccinated Unvaccinated Odds ratio 95% LCL 95% UCL P-value

State of residence 160 0.038

NSW/ACT 7 82 1

Queensland 4 11 4.260 0.989 16.681 0.039

Other 2 54 0.433 0.063 1.870 0.308
Rehabilitating wildlife on own property 160 0.264

No 2 9 1

Yes 11 138 0.359 0.079 2.54 0.223
Number of people in house caring for WL 157 0.186

1 5 89 1

>1 7 56 2.225 0.674 7.340 0.189
Number of animals per year cared for per year 156 0.089

0-30 4 67 1

31-100 8 45 2.978 0.883 11.704 0.089

>100 1 31 0.541 0.027 3.840 0.582
Occupational animal contact 160 0.005

No animal contact 3 63 1

Contact with ruminants 8 27 6.222 1.660 30.090 0.01

Contact with other animals 2 57 0.737 0.094 4.579 0.743
Biosecurity handling animals 158 0.065

None/hand wash only 6 104 1.000

Handwash + other 7 41 2.959 0.930 9.700 0.065

more likely to have been vaccinated (OR 4.26; 95% CI 0.99-16.68) than
those residing in NSW or other Australian jurisdictions. Of the six risk
factors considered in the multivariable analysis, three were retained in
the final model (Table 5). After accounting for the state of residence, and
the total number of animals rehabilitated per year, ‘occupational animal
contact’ was the only significant risk factor for QFV; AWRs reporting
occupational contact with ruminants were eight times more likely to
have received QFV (OR 8.1; 95% CI 1.85-45.09) than those who had no
occupational contact with animals.

4. Discussion

This is the first study to investigate C. burnetii exposure amongst
Australian wildlife rehabilitators. We report an overall seroprevalence
for this cohort of 6.1%, which is 70% greater than the recently reported
3.6% in an Australian study of Red Cross blood donors from non-
metropolitan NSW and QLD (using the same laboratory techniques as
the current study) [30]. Two other Australian studies (also employing
the same laboratory methods as the current study), have reported higher
general population C. burnetii seroprevalence: Islam et al. [39] estimated
an overall seroprevalence of 7% in the Hunter New England region of
NSW, and more recently Gidding et al. [31] reported a 5.6% nationwide
C. burnetii seroprevalence, however these two studies used archived sera

Table 5

that were opportunistically obtained from pathology laboratories. We
believe that the Red Cross blood donor study is a closer approximation to
the assumed healthy participants in the current study, as blood donors
must be of good general health and meet specific eligibility criteria to
donate blood [7]. Furthermore, participants in the current study, and
the blood donor study, completed a questionnaire which accompanied
their blood sample that contained specific questions regarding their
demographic details, QFDS, QFVS and potential exposure history. This
enabled a detailed analysis of the respective data sets to identify po-
tential risk factors associated with seropositivity and having received Q
fever vaccination. The 6.1% seroprevalence observed in the current
study is lower than the 19% C. burnetii seroprevalence reported for a
cohort of unvaccinated Australian veterinary workers, where increasing
exposure to ruminants was identified as a significant risk factor for
seropositivity [58]. International studies of livestock veterinarians have
reported seroprevalence for C. burnetii as high as 65.1% [67]. Our
findings suggest that rehabilitators of Australian wildlife are almost
twice as likely to be exposed to C. burnetii compared to the general
population, but only a third as likely to be exposed as Australian vet-
erinarians associating with ruminants.

The current study utilised IFA to confirm C. burnetii exposure by
measuring levels of circulating C. burnetii antibody at a ‘point in time’.
Although IFA is considered the ‘gold standard’ for human Q fever

Final multivariable logistic regression analysis of Q fever vaccination amongst Australian wildlife rehabilitators participating in a survey conducted at the Australian

Wildlife Rehabilitation Conference in Sydney in July 2018. (p < 0.1).

Q fever Vaccination Status

Variable Name and Description Vaccinated Not Vaccinated Odds ratio 95% LCL 95% UCL P-value Wald
Constant
State of residence 0.061
NSW/ACT 7 82 1
Queensland 4 11 2.041 0.346 10.427 0.404
Other 2 54 0.231 0.030 1.156 0.103
Number of animals per year cared for per year 0.063
0-30 4 67 1
31-100 8 45 2.795 0.722 12.353 0.145
>100 1 31 0.314 0.015 2.544 0.336
Occupational animal contact 0.008
No animal contact 3 63 1
Contact with ruminants 8 27 8.111 1.852 45.087 0.008
Contact with other animals 2 57 0.974 0.117 6.187 0.955
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diagnosis [46], due to temporal decline in antibody levels and the
variability in immune responses between individuals [58], the 6.1%
seroprevalence observed in this study likely represents the minimum
level of C. burnetii exposure amongst this cohort. This heterogeneity in
antibody titres is demonstrated by the finding that only 30.7% (4/13) of
vaccinated participants and two of the three participants with medically
diagnosed QFD were seropositive at the time of blood collection
(Table 2). Similarly, in the study by Gidding et al. [30], only 10% of
vaccinated blood donors and 39% of donors with a history of QFD were
seropositive. Additional AWRs with previous C. burnetii exposure may
have been identified via intradermal skin testing or the measurement of
interferon gamma production in response to C. burnetii antigenic stim-
ulation [57], however such tests were beyond the scope of this study.
Currently there is limited information available on the demographics
of AWRs, however one recent study on NSW rehabilitators reported that
79% were female and over half were > 50 years [34], which was re-
flected in the findings of this study. A potential source of bias in this
study is the representativeness of the cohort with respect to the pro-
portion of wildlife rehabilitators in Australia and notifications across
states. In this study the state of NSW was overrepresented by 22%, which
could have resulted in a higher number of seropositive participants
given that 43% of the national Q fever notifications in 2018 were from
NSW [48]. However, this was offset to some extent by an 11% under-
representation of participants from QLD which has similarly high noti-
fication rates as NSW [48]. The higher number of participants from NSW
compared to other states was not unexpected given it was the host state,
making travel and attendance easier for these participants. It is recog-
nised that there may be self-selection bias with rehabilitators choosing
to participate in the study because of previous experience or association
with Q fever, however with half the participants of the conference
engaging in the study, the impact of this potential bias is likely limited.
While this study demonstrated that C. burnetii exposure was higher in
AWRs compared to the general population, and although QFD notifi-
cation data suggests that macropods are potential sources of infection
[15,16,32], we were unable to demonstrate a positive correlation be-
tween C. burnetii seropositivity and exposure to macropods (adults or
juveniles) within this cohort based on the responses to the question-
naire. Nor were we able to identify that exposure to ruminants, other
domestic animals or other wildlife, or being present at non-human births
were risk factors for C. burnetii seropositivity. This was surprising given
that the majority of QFD notifications are ruminant associated
[15,16,32], and that birth products of infected animals, particularly
ruminants, can potentially contain high levels of C. burnetii [46,68]. In
this study, seropositivity was also not associated with tick bites. Simi-
larly, a study of Q fever in Belgian veterinarians also reported a lack of
association between tick bites and C. burnetii exposure [18]. Early in-
vestigations by Pope et al. [52] in which C. burnetii was isolated from the
ticks of infected kangaroos, and more recent Australian studies which
detected C. burnetii DNA in several wildlife-associated tick species
including A. triguttatum (ornate kangaroo tick), [17] and Ixodes hol-
ocyclus (paralysis tick) [17,33], suggests that a tick-wildlife transmission
cycle exists. It is therefore possible that spillover from infected kanga-
roos to humans may occur, however whether ticks are a direct source of
C. burnetii infection for humans has not yet been demonstrated. In re-
ports of cases of Q fever in which tick bites were a part of the clinical
history, it was hypothesised that the tick was the source of infection for
the affected patients, however, infection from other sources, particularly
contaminated aerosols could not be discounted [11,24]. The link be-
tween C. burnetii and ticks has long been established [19], and given that
ticks can excrete large amounts of C. burnetii organisms in their faeces
during feeding [51], it is plausible that direct transmissions to humans
could potentially occur via inhalation of aerosolised tick excreta, or
through direct contamination of the bite site. More research focussing on
ticks as a direct source of C. burnetii infection for humans is needed. The
discovery that many tick species harbour genetically-related Coxiella-
like endosymbionts [23], further complicates the role of ticks in
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C. burnetii transmission, and highlights the need for robust serological
[2] and molecular [22] assays, which are able to definitively differen-
tiate between these two Coxiella burnetii and non-burnetii species.

While the source of infection for the seropositive participants in this
study remains unknown, the possibility that macropods can occasionally
be an infection source for AWRs cannot be ruled out given the sero-
logical evidence that macropods can become infected with C. burnetii
[10,52], and potentially shed the bacterium [10,53,61]. Further
research is required to determine whether macropods are reservoirs for
C. burnetii, and whether they are capable of shedding viable organism
which can subsequently infect humans and cause QFD. This is particu-
larly important, given the growing number of Q fever notifications citing
exposure to macropods, without exposure to other well-known infection
sources such as ruminants.

Overall, three (2%) out of the 147 unvaccinated AWRs in this cohort
self-reported having been medically diagnosed with QFD. This finding is
similar to what was found in a study on Australian veterinary workers by
Sellens et al. [58], where 2% (4/192) of the cohort reported having QFD,
but lower in comparison to another study of Australian cat breeders in
which 6% (7/123) of the study population reported having had medi-
cally diagnosed QFD [62]. In all three studies, the level of QFD is sub-
stantially higher than the Australian annual notification rate of 0.002%
[48]. Due to the non-specific symptoms, many cases of Q fever go un-
diagnosed [64]. It has been suggested that occurrence of QFD could be
more than three times higher than that recorded in the notification data
[40]. Interestingly, one of the participants in the current study reported
being ineligible for the Q fever vaccine due to a positive pre-vaccination
screening result. Patients such as these who have been exposed to
C. burnetii but are not medically diagnosed, contribute to the underes-
timation of the actual QFD burden. Although age and gender breakdown
of Q fever notifications reveal an overrepresentation of males in the
40-59 year age group [64], given the elevated seroprevalence in this
cohort of AWRs, who were predominantly female, practitioners should
not discount the possibility of QFD as a differential diagnosis in female
AWRs presenting with an acute febrile illness.

Multivariable modelling for QFVS revealed that the strongest pre-
dictor of having been vaccinated against Q fever in this study was
occupational animal contact, in particular ruminant contact, (Table 5)
with rehabilitators reporting occupational contact with ruminants eight
times more likely to have been vaccinated against Q fever compared to
those reporting no contact with animals. Rehabilitators residing in QLD
were more likely to have been vaccinated against Q fever than those
residing in NSW (OR 2.04) or other Australian jurisdictions (OR:0.231).
This was not unexpected given the majority of vaccinated (11/13)
participants in this study resided in NSW and QLD, and that the vast
majority Q fever notifications originate in these states [48].

Currently, the Australian Immunisation Handbook recommends QFV
for wildlife and zoo workers who have contact with at-risk animals,
including kangaroos and bandicoots [8], however only 8.1% (13/160)
AWRs in this study had undergone vaccination. This is consistent with
other Australian studies which have also reported low levels of vaccine
uptake in groups for whom vaccination is recommended [30,38,43,60],
Similarly, this handbook recommends QFV for veterinary nurses, but
alarmingly 93.3% (24/26) of the veterinary nurses participating in this
study were not vaccinated. Furthermore, evidence of C. burnetii antibody
was observed in two of the 24 (8.3%) unvaccinated veterinary nurses
(Table 2) indicating exposure to C. burnetii and reinforcing the need for
QFV amongst this group. This low rate of vaccination is consistent with
the findings of Sellens et al. [60] who surveyed Australia’s veterinary
workforce and found that only 29% veterinary nurses had sought QFV,
compared to 74% of veterinarians. Poor knowledge and awareness of
QFD and vaccination were cited as notable barriers for not having
sought the Q fever vaccine amongst the veterinary nurse cohort. From a
workplace health and safety (WH&S) perspective, veterinary employers
and veterinarians have a legal and ethical responsibility to reduce or
eliminate hazards or threats within the workplace such as those posed by
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diseases such as Q fever [59]. Low rates of Q fever vaccine uptake in ‘at-
risk’ groups such as AWRs and veterinary nurses, places them at un-
necessary risk of C. burnetii infection. Overall these findings reinforce the
need for greater Work Health & Safety promotion amongst employers by
the delivery of targeted education programs to ‘at-risk’ groups regarding
the risks of C. burnetii exposure, and appropriate risk prevention stra-
tegies, the most important of which is vaccination. The need for a na-
tional Q fever vaccine register was highlighted by five study participants
stating that they were ‘unsure’ of their vaccination status. Given previ-
ous QFV is a contraindication for subsequent vaccination due to serious
adverse events in those previously exposed to the vaccine, knowledge of
vaccination status is vital. None of the vaccinated participants reported
having been diagnosed with QFD, which supports the effectiveness of
the vaccine [29].

Comprehensive National Wildlife Biosecurity Guidelines issued by
Wildlife Health Australia (Wildlife Health [69]) state that wildlife re-
habilitators should be aware of, and implement, basic biosecurity
practices at all times regardless of the animal species or perceived dis-
ease risk, and, in particular for Q fever, recommend that biosecurity
practices include ventilation controls, P2/N95 particulate respirator,
dust management, and QFV. Although approximately 95% of AWRs in
this study reported practicing appropriate hand hygiene, a finding
which is consistent with other studies of wildlife health professionals
[13,271, overall we discovered a shortfall in the biosecurity practices
within this cohort according to these guidelines. Given that wildlife can
serve as reservoirs of known and potentially novel zoonotic pathogens
which can be transmitted to humans and domestic animals through
bites, scratches and contact with bodily fluid such as urine and faeces
[27], it is essential for wildlife rehabilitators to adopt appropriate bio-
security practices (including the use of PPE) to help mitigate the risk of
contracting Q fever and other zoonotic diseases. The reasons for the
deficiency in biosecurity practices amongst this cohort are unclear.
Significant knowledge gaps regarding Q fever have been identified in
Australian cat breeders [62] and Australian veterinary personnel [60]. A
study of Australian veterinarians reported that a lack of perceived risk of
zoonotic disease exposure and awareness of industry guidelines
contributed to poor infection control practices and insufficient PPE
usage [21]. It is anticipated that wildlife rehabilitators may have similar
knowledge gaps regarding the availability of the National Wildlife Bio-
security Guidelines document, the health risks posed by zoonotic dis-
eases, and what constitutes high-risk activities when rehabilitating
wildlife. Future studies investigating the knowledge, attitudes and
practices regarding zoonotic diseases amongst AWRs are required for the
development and delivery of targeted education programs, aimed at
improving biosecurity practices and preventing zoonotic disease trans-
mission to this population. Although ensuring best practice biosecurity
will aid in the prevention of many zoonotic diseases, the risk of con-
tracting Q fever from infected animals is still possible due to the trans-
mission mode and environmental persistence of C. burnetii [46,55].
Therefore, it is recommended that vaccination is a major component of
the Q fever prevention strategy for at-risk populations.

5. Conclusion

This is the first study to investigate the level of C. burnetii exposure in
rehabilitators of Australian wildlife and correlate seroprevalence with
potential risk factors. We observed elevated C. burnetii seroprevalence
and a higher rate of self-reported QFD in this cohort compared to the
general Australian population, however only 8.1% of the cohort had
received QFV. Although the source of their increased C. burnetii sero-
positivity requires further clarification, the increased exposure rates,
and the finding that wildlife rehabilitators as a group have a broad range
of animal exposures suggest that rehabilitators of Australian wildlife
would benefit from QFV. Therefore, as per national guidelines, QFV is
recommended for this group [8], and efforts are needed to increase their
awareness and uptake of the vaccine. Shortfalls in the biosecurity
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practices employed by AWRs identified in this study has important im-
plications, not only for Q fever, but for a range of zoonotic diseases.
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