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Abstract
Interactions with flying foxes pose disease transmission risks to volunteer rehabilitators

(carers) who treat injured, ill, and orphaned bats. In particular, Australian bat lyssavirus

(ABLV) can be transmitted directly from flying foxes to humans in Australia. Personal pro-

tective equipment (PPE) and rabies vaccination can be used to protect against lyssavirus

infection. During May and June 2014, active Australian flying fox carers participated in an

online survey (SOAR: Survey Of Australian flying fox Rehabilitators) designed to gather

demographic data, assess perceptions of disease risk, and explore safety practices.

Responses to open-ended questions were analysed thematically. A logistic regression was

performed to assess whether rehabilitators’ gender, use of PPE, threat perception, and

years of experience predicted variation in their odds of being bitten or scratched. Eligible

responses were received from 122 rehabilitators located predominantly on the eastern

coast of Australia. Eighty-four percent of respondents were female. Years of experience

ranged from <1 to 30 years (median 5 years). Respondents were highly educated. All reha-

bilitators were vaccinated against rabies and 94% received a rabies titre check at least

every two years. Sixty-three percent of carers did not perceive viruses in flying foxes as a

potential threat to their health, yet 74% of carers reported using PPE when handling flying

foxes. Eighty-three percent of rehabilitators had received a flying fox bite or scratch at some

point during their career. Carers provide an important community service by rescuing and

rehabilitating flying foxes. While rehabilitators in this study have many excellent safety prac-

tices, including a 100% vaccination rate against rabies, there is room for improvement in

PPE use. We recommend 1) the establishment of an Australia-wide set of guidelines for

safety when caring for bats and 2) that the responsible government agencies in Australia

support carers who rescue potentially ABLV-infected bats by offering compensation for

PPE.
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Author Summary

Wildlife rehabilitators can encounter risks when handling animals, such as physical harm
and exposure to infectious diseases. In Australia, rehabilitators that care for fruit bats may
be exposed to Australian bat lyssavirus if bitten or scratched, which is fatal to people not
vaccinated against rabies. We initiated a survey to assess rehabilitators’ perceptions of dis-
ease risk associated with fruit bats as well as rehabilitators’ safety practices. Despite an
excellent rabies vaccination rate (100%), we found room for improvement in use of per-
sonal protective equipment. Supporting this, our regression analysis showed that use of
protective equipment is associated with less chance of being bitten or scratched. Rehabili-
tators that are able to safely handle fruit bats can reduce risk to themselves, model good
behaviour for onlookers, and protect animals from euthanasia. We recommend that carers
develop Australia-wide guidelines for safety when rehabilitating bats and that the respon-
sible government agencies in Australia support carers who rescue potentially lyssavirus-
infected bats by offering compensation for costly protective equipment.

Introduction
Mainland Australia is home to four species of Pteropus fruit bats (flying foxes) which play an
important ecological role by pollinating forest ecosystems and dispersing seeds as they forage
for nectar, pollen, and fruit [1]. Though generally hardy animals, flying foxes occasionally sus-
tain injuries due to extreme weather events [2] or manmade hazards (e.g. barbed wire, netting,
power lines) [3]. A number of volunteer rehabilitators (commonly known as carers—the terms
are used interchangeably here) care for injured, ill, and orphaned flying foxes, often as part of
wildlife care groups [4]. A carer typically rehabilitates a flying fox until it can be returned to the
wild; in cases of debilitating or lasting injury, a flying fox is euthanised or occasionally kept in
permanent care.

Of concern to human health, and rehabilitator health in particular, is that flying foxes are
reservoir hosts of zoonotic viruses—those passed from an animal to a human [5]. The most
prominent of these in Australia are Australian bat lyssavirus (ABLV) and Hendra virus (HeV),
both of which cause fatal disease in humans [5]; however, only ABLV is known to be transmit-
ted directly from bats to humans. All four mainland species of flying fox (the black, Pteropus
alecto; the grey-headed, P. poliocephalus; the little red, P. scapulatus; and the spectacled, P. con-
spicillatus) are reservoirs of ABLV and HeV [6–8]. ABLV infection has additionally been
recorded in a species of insectivorous bat [7].

The four fatal human cases of HeV to date resulted from close contact with horses [9] and
there is no evidence of direct flying fox to human transmission [10]. In contrast, ABLV can be
transmitted directly from an infected bat to a human via a bite, scratch, or saliva contamination
of broken skin or mucous membranes [11–13]. The clinical consequences of ABLV infection
mirror those of classical rabies [14]. Guidelines recommend that wound care and rabies post-
exposure prophylaxis be administered following any Category II exposure (nibbling of uncov-
ered skin, minor scratches or abrasions without bleeding) or Category III exposure (scratch,
bite, or saliva contamination of broken skin or mucous membranes) [15,16]. Rabies and ABLV
are among the few viruses capable of causing clinical and pathological signs of disease in bats
[17,18]. ABLV-infected bats often display neurological signs of infection and aggression and
are frequently unable to fly [8], thereby increasing the opportunity for interaction with humans
and other animals. Since the identification of ABLV in 1996, there have been three documented
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human fatalities (all occurring in Queensland) including one wildlife carer who had cared for
both flying foxes and insectivorous bats [11–13].

Members of the Australian public are cautioned not to handle bats [19–21]; instead, bat
rehabilitators are commonly called upon to rescue bats trapped in fencing or netting. These
rescues, along with daily interactions such as treating injuries and hand-feeding pups, pose a
bite and scratch hazard to carers. Carers are at special risk of ABLV infection as sick, injured,
and orphaned bats have a significantly higher rate of ABLV infection than healthy bats [8]. Use
of personal protective equipment (PPE) is recommended for rehabilitators [15,16] and rabies
pre-exposure vaccination is typically required by care organisations. While state guidelines for
the care of flying foxes exist [22–26], there is no set of unifying regulations in place across Aus-
tralia, and safety practices vary between carers and care organisations.

No studies to date have comprehensively assessed risk perception, safety practices, and
potential disease exposure in the Australian flying fox rehabilitator community. Studies of
human-bat interactions in Australia incorporating carers have focused primarily on potential
ABLV exposures [27–29]. More recent studies have examined the Australian public’s knowl-
edge of and attitudes towards bats, including risk perception, but these were not designed to
target bat rehabilitators [30–33]. Only two studies have specifically characterized the rehabilita-
tor community. After two outbreaks of HeV (then known as equine morbillivirus) in Queens-
land in 1994, 128 bat carers were tested for antibodies to HeV and additionally asked to report
their contact history (including bites and scratches) with flying foxes [10]. The study reported
that some carers were concerned about the risk of HeV infection from flying foxes, but did not
provide exact numbers. A 1998 survey explored demographics and motivations of flying fox
rehabilitators, with a minor focus on risk perception [4]. Neither addressed safety practices,
thus information regarding this aspect of care is especially deficient.

This study addresses the current lack of information about the flying fox rehabilitator com-
munity in Australia by presenting updated demographic data, assessing disease risk perception
among carers (specifically focusing on viruses), and exploring the safety practices carers
employ and the reasons underlying their actions.

Methods

Participant recruitment
A total of 21 email addresses for Australian flying fox and wildlife care organisations, as well as
wildlife health interest groups, were identified via 1) online searches using various combina-
tions of the following keywords: “flying fox”, “bat”, “carer”, “rehabilitator”, “wildlife”, and
“Australia” and 2) referral. All organisations (S1 Table) were contacted via a solicitation email
containing a link to an online survey (SOAR: SurveyOf Australian flying fox Rehabilitators)
hosted on SurveyMonkey from 8 May to 1 June 2014. The survey was open to Australian adults
(aged 18 years and older) who had cared for flying foxes within the last twelve months. Partici-
pants were encouraged to share the survey link with rehabilitators unaffiliated with a care
organisation.

Survey design
The survey design was based in part on previous work [4] but was modified and updated to
reflect the increased awareness of flying foxes as reservoir hosts for a variety of zoonotic viruses
[34]. The survey was piloted with four individuals familiar with flying foxes but not involved in
their care. Recommendations were incorporated before wider distribution to the target
audience.
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The survey (S1 File) included demographic questions on gender, age, state or territory of
residence, level of education, and whether the respondent had ever completed a similar survey.
Several questions addressed aspects of caring for flying foxes, such as motivations, years of
experience, care organisation affiliation, and where flying foxes were housed while in care. Fur-
ther questions focused on threat and risk perception. In the survey, “threat perception” was
used to describe the implications of viral infections carried by bats on carer health, while “risk
perception” was used in reference to questions relevant to the behaviour of carers to mitigate
the risks associated with bites or scratches or potential exposure of pets. Carers were asked
whether they felt that viruses found in flying foxes posed a potential threat to carer health. Car-
ers also used ordered rating scales to rate the risk to human health posed by several hypotheti-
cal situations involving flying foxes. Response options ranged from “high risk” to “no risk”
with an additional option of “don’t know.” Participants were questioned regarding their safety
precautions, including rabies vaccination status, frequency of titre checks, whether these checks
were self-initiated or required by a care organisation, preferred PPE, and whether they had
ever been bitten or scratched by a flying fox. For certain multiple-choice questions participants
were asked to further explain their choice in an open-ended response; participants were also
provided room at the end of the survey to make additional comments.

Data management and statistical analysis
Survey responses were exported from SurveyMonkey into Microsoft Excel as a.csv file.
Responses to open-ended questions were manually spell-checked to ensure clarity between
investigators, then analysed thematically [35]. Initial codes were generated and refined to clas-
sify responses; thematic maps were then created to sort codes into broader themes and sub-
themes. Once themes were reviewed and refined, all responses were re-coded.

All statistical analyses were performed in the R statistical environment (version 3.1.1) [36]. A
binary logistic regression was performed to determine whether rehabilitators’ gender, use of PPE,
threat perception, and years of experience predicted variation in whether they had been bitten or
scratched by a flying fox during their careers. The regression was performed using the glm func-
tion with a binomial error distribution and logit link function. Threat perception was assessed by
carers’ responses to the question, “Do you feel that viruses found in flying foxes are a potential
threat to the health of carers?”. Threat perception (yes/no), gender (male/female), and PPE
(none/any) were categorical variables, while years of experience was included as a continuous
covariate to account for the fact that rehabilitators with more experience would have had more
occasions to be bitten or scratched. “Any” PPE was defined as all categories of PPE other than
“nothing” (i.e. nitrile gloves, heavy gloves, or other PPE). Explanatory variables were checked for
multicollinearity by calculation of variance inflation factors using the vif function in the car pack-
age [37]. Model performance was assessed by creating a receiver operating characteristic curve
and calculating the area under the curve (AUC) with the roc function in the pROC package [38].

Ethics
The study was approved by the CSIRO Health and Medical Research Human Research Ethics
committee (protocol LR07/2014). Participants gave informed consent by reading a consent
page and clicking a button to proceed with the survey.

Results

Characteristics of respondents
A total of one hundred thirty-six survey responses were received. Participants’ responses were
excluded if they did not complete the survey or did not fit the eligibility requirements, leaving
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122 remaining responses (S2 File). The number of eligible rehabilitators reached by the online
solicitation is unknown, and thus the response rate could not be determined; however, the
number of responses is comparable to similar studies [4,10].

Selected demographic characteristics of rehabilitators are displayed in Table 1. Eighty-four
percent (103/122) of carers were female; half of all carers (50%, 61/122) were 45–64 years old.
Most responses were received from rehabilitators residing in New South Wales (47%, 58/122),
Queensland (34%, 42/122), and Victoria (11%, 14/122). Fifty-five percent (68/122) of carers
listed university or technical college as their highest level of education. Almost all (94%, 115/
122) respondents indicated that they were affiliated with a care organisation; in total, 36 care
organisations were represented. Nearly all rehabilitators (95%, 116/122) reported that they had
never participated in a similar survey. Years of experience ranged from<1 to 30 years (median
5 years; not displayed in Table 1).

Motivations of participants for caring for flying foxes
To investigate their motivations for caring, participants were asked, “What do you enjoy most
about caring for/handling flying foxes?” and asked to choose two options from a list developed
by Markus & Blackshaw [4]. Responses to this question are presented in Table 2. Returning the
flying fox to nature (67%, 82/122) and helping to conserve the species (55%, 67/122) were the
most popular choices. Among carers that listed “Other” as a motivation (14%, 17/122), the

Table 1. Demographic characteristics of 122 Australian flying fox rehabilitators, 2014.

Characteristic %a n

Gender

Female 84.4 103

State/territoryb

ACT 2 2

NSW 47 58

NT 3 4

QLD 34 42

SA 2 2

VIC 11 14

Age group

18–24 years 4 5

25–44 years 28 34

45–64 years 50 61

65 years and over 18 22

Highest level of education

High school or earlier 22 27

University or technical college 55 68

Postgraduate study 22 27

Associated with a care group

Yes 94.3 115

Have participated in similar survey

No 95.1 116

a Percentages may not equal 100% due to rounding
b ACT, Australian Capital Territory; NSW, New South Wales; QLD, Queensland; SA, South Australia; VIC,

Victoria.

doi:10.1371/journal.pntd.0004411.t001
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main themes were public outreach and education, close interaction with flying foxes, and a
desire to help animals.

Safety practices
Safety practices employed by carers are summarized in Table 3. All rehabilitators (100%, 122/
122) reported that they were vaccinated against rabies, which is used to protect against ABLV
infection. Most carers (94%, 115/122) reported having their rabies titre checked at least every
two years; for 58% (70/122), titre checks were required by their care organisation, while 38%
(46/122) of carers initiated the checks. Of the five (4%, 5/122) rehabilitators who reported
never having their titres checked, four had� 2 years of experience. Most rehabilitators
reported that flying foxes in their care were housed in a human residence (40%, 49/122) or a
human and pet residence (30%, 36/122).

A little over a quarter of carers (26%, 32/122) reported that they typically used no protection
to handle flying foxes. The ease of handling a flying fox was a high priority among these reha-
bilitators, with nearly all expressing the opinion that using gloves limited dexterity and reduced
sensitivity. These limitations were felt to potentially increase the risk of a bite (e.g. due to not
being able to feel the position of a flying fox’s head) or of harming the bat (e.g. by inadvertently
applying excess force or pressure). Less commonly expressed was a belief that vaccination,
experience, and training provided protection without a need for PPE.

Another quarter of carers (25%, 31/122) reported that they most commonly used nitrile or
heavy gloves (nitrile or similar, 12/31; heavy gloves, 19/31). Of the 59 rehabilitators (48%, 59/
122) who reported “Other” as their typical PPE, 18 (31%, 18/59) said that their choice of PPE
depended on the situation and the flying fox being handled. Towels and blankets were the
most popular alternative PPE listed; carers articulated that they provided a balance of personal
safety and dexterity. Rehabilitators also reported using other types of gloves, arm protection
(e.g. long sleeves, Neoprene arm protectors), and eye protection. There was a perception of low
risk among carers who reported using “Other” or no PPE; it was not always specified whether
this was a risk of being bitten or scratched or a risk of disease transmission.

Self-protection (e.g. against bites, scratches, and associated pain) was the most common
motivation among rehabilitators who reported using some form of PPE. Protection of the bat
was also a theme, with carers recognizing that receiving a bite or scratch would mean euthana-
sia of the bat (as guidelines for public health units recommend the testing, typically via a fluo-
rescent antibody test on brain tissue, of any bat involved in a potential ABLV exposure [15]).

Table 2. Motivations of 122 Australian flying fox rehabilitators, 2014

Respondents
indicating this
motivationa

Motivation % n

Returning the flying fox to nature when it is able to fend for itself 67 82

Helping to conserve the species 55 67

Being able to observe and learn about a wild flying fox 35 43

Helping the flying fox to survive 34 41

Other 14 17

Being able to nurse and care for a helpless animal 12 15

Having a temporary pet without the long-term commitments 0 0

a Respondents were asked to choose two motivations, but 29 chose either one or more than two.

doi:10.1371/journal.pntd.0004411.t002
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Five rehabilitators reported using PPE specifically when being observed by members of the
public to set a good example.

Disease threat and risk perception associated with bats
Although bats likely harbour a variety of pathogens (bacteria, parasites and viruses), only zoo-
notic viruses such as ABLV have been associated with human disease and were therefore the
focus of the current survey. A majority of carers (63%, 77/122) reported that they did not feel
that viruses found in flying foxes were a potential threat to carer health. When asked to elabo-
rate, the key theme was that vaccination against rabies and regular titre checks eliminated any
threat. Secondary themes included the importance of training, hygiene, and handling tech-
niques, and perceptions of low prevalence of ABLV infection in flying foxes and low chance of
disease transmission. Several carers expressed that they felt it was possible to recognize bats
infected with ABLV. Direct bat-to-human transmission of HeV was not perceived as a threat.
Among rehabilitators that did feel that viruses were a potential threat (37%, 45/122), themes
included the potential lethality of ABLV infection (including a previous carer death) the high
contact rate between carers and bats compared to the general public, and the potential for fly-
ing foxes to harbour other viruses. As in the former group, rehabilitators emphasized proper
handling and training. Carers in both groups perceived certain categories of flying foxes to
pose more of a threat to their health, namely adults, wild-caught bats, and “odd” or “suspi-
cious” bats.

Table 3. Reported safety practices of 122 Australian flying fox rehabilitators, 2014

Characteristic %a n

Vaccinated against rabies

Yes 100 122

Frequency of titre checks

Every 6 months 1 1

Every year 64 78

Every two years 30 36

Other 6 7

Reason for titre checkb

Self-initiated 38 46

Required by care organisation 58 70

Never had titre checked 4 5

Personal protective equipment used to handle flying foxes

Nothing 26 32

Nitrile or similar gloves 10 12

Heavy gloves 16 19

Other 48 59

Where in-care flying foxes are housed

Bat-only facility 24 29

Wildlife-only facility 7 8

Human residence 40 49

Human and pet residence 30 36

a Percentages may not equal 100% due to rounding
b One non-response; calculation of percentages adjusted accordingly

doi:10.1371/journal.pntd.0004411.t003
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Participants additionally rated the risk to human health in a number of hypothetical situa-
tions (adapted from [30]) involving flying foxes (Fig 1, S2 Table). A member of the public han-
dling a live flying fox was perceived as the riskiest situation (59%, 70/118, rated as high risk),
while disposing of a dead flying fox was perceived as the least risky situation (47%, 55/118,
rated as no risk). Responses of “Don’t know” were recorded for only two situations: a flying fox
interacting with pets and disposing of a dead flying fox. Four respondents failed to assign a risk
to one or more scenarios and were not included in Fig 1.

Predictors of being bitten or scratched
A binary logistic regression was performed to determine whether any groups of carers are
more likely to be bitten or scratched when handling flying foxes. Specifically, this analysis
examined whether carers’ use of PPE, gender, threat perception, and years of experience pre-
dicted variation in the response variable: whether a carer had been bitten or scratched by a fly-
ing fox in their career. Results of logistic regressions are typically reported in odds ratios (ORs),
where an OR of 1 indicates that two groups have equal odds of experiencing an outcome of
interest. An OR greater than 1 for a given group indicates that the group has higher odds of
experiencing the outcome of interest than a second group. If the 95% confidence interval of the
OR does not cross 1, this is generally considered a significant result [39].

Rehabilitators who wore no PPE had 9.58 times (95% CI: 1.83–177) the odds of being bitten
or scratched compared to those who used any type of PPE (nitrile gloves, heavy gloves, or other
protection; Fig 2, S3 Table). Wearing heavy gloves provided the best protection, followed by
nitrile gloves and other protection (S4 Table). A carer’s gender, threat perception, and years of
experience did not significantly predict variation in being bitten or scratched (Fig 2, S3 Table).

Post-exposure management
Most carers (83%, 101/122) indicated that they had been bitten or scratched by a flying fox dur-
ing their career (females: 82%, 84/103; males: 89%, 17/19). The Communicable Diseases Net-
work Australia (CDNA) recommendation for post-exposure management (PEM) comprises
both wound management and receiving post-exposure prophylaxis [15]. Carers were asked to
elaborate on how they responded to being bitten or scratched or how they would respond if
they had not been bitten or scratched. For carers who had been bitten or scratched, this ques-
tion was intended to assess actual post-exposure actions taken, but a number of carers gave
hypothetical responses. Carers reported a range of PEM; at one extreme, carers reported that
they would do nothing or ignore the wound, while at the other extreme, carers reported that
they would wash the wound, apply an antiseptic or virucide, and receive a rabies booster shot.
Other carers reported that they would practice wound care but not seek medical attention. A
main theme was that carers’ responses depended on several factors, such as a bat’s health status
and rescue or care history. Scratches were reported to be common, especially from orphaned
flying foxes, and perceived to be less risky than bites. Some carers factored their rabies titre
level or date of last vaccination into the decision to seek medical attention. Attitudes towards
euthanasia of a flying fox that had bitten or scratched a rehabilitator (as per Public Health Unit
guidelines) varied. While some carers reported that they would euthanise the bat themselves or
contact health authorities to arrange euthanasia, others emphasised that they would never
euthanise a bat, or only as a last resort.

Discussion
One hundred twenty-two eligible responses were received for this survey, a number compara-
ble to similar studies reported in 1998 and 2014 [4,10]. Demographic characteristics of carers
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Fig 1. Risk to human health rated by 118 Australian flying fox rehabilitators, 2014.Rehabilitators assigned risk ratings to multiple hypothetical scenarios
involving a flying fox.

doi:10.1371/journal.pntd.0004411.g001
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in 2014 were similar to those reported in 1998 [4]; most carers were female and were between
the ages of 45–64. While Markus & Blackshaw [4] did not directly ask rehabilitators’ educa-
tional level, the authors inferred from occupation that many were highly educated. Likewise,
55% (68/122) and 22% (27/122) of carers in this study listed university/technical college and
postgraduate study, respectively, as their highest level of education. Rehabilitators were thus
highly educated compared to the Australian population as of May 2014, of which 45.7%
attained a bachelor’s degree, graduate or advanced diploma, or Certificate III/IV, and 5.2%
received a postgraduate degree [40].

Compared to the 1998 survey [4], the present study had a greater geographic representation.
No responses were received from Victoria, the Australian Capital Territory, Northern Terri-
tory, or South Australia in 1998, whereas rehabilitators from these states and territories made

Fig 2. Odds ratios and 95% confidence intervals of predictors for being bitten or scratched. A 95% confidence interval that does not cross 1 is
considered a significant result. The x-axis is on a log scale.

doi:10.1371/journal.pntd.0004411.g002
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up 18% of respondents in the current survey. This may reflect increased ease of contacting car-
ers through online methods, rather than any shift in range limits of flying foxes [41]. The high
percentage of respondents from NSW and QLD is likely due to the large number of care orga-
nisations found in these two states, which in turn reflects the distribution of flying foxes along
the eastern coast of Australia, and is unlikely to introduce significant bias to the results. While
at least 36 care organisations are represented, the true number of organisations represented is
probably higher, as some carers did not specify the organisation to which they belonged, while
others indicated only an umbrella organisation rather than an individual branch.

Disease threat and risk perception and safety practices
Since 1998, a number of novel viruses have been identified in both frugivorous and insectivo-
rous Australian bats (e.g. Cedar virus and other paramyxoviruses, Broome virus) [42–45].
However, disease threat perception rates associated with bats amongst carers have remained
moderate. A smaller percentage of carers in 2014 compared to 1998 felt viruses found in flying
foxes were a potential threat to carer health (2014: 37%, 45/122; 1998: 41%, 49/119), but this
difference was not statistically significant (P = 0.2862, two-tailed Fisher’s exact test). Threat
perception appears to be driven by a focus on ABLV. Given the low number of fatalities due to
ABLV combined with high rates of rabies vaccinations and titre checks, rehabilitators may not
view potential viral transmission as a threat.

Risk ratings of hypothetical situations involving flying foxes were generally intuitive (e.g. a
member of the public handling a flying fox was likely perceived as the riskiest situation because
average citizens are rarely rabies-vaccinated). Two situations are of particular interest. A flying
fox interacting with pets had the second-highest number of “high risk” ratings. This is impor-
tant considering that 30% of rehabilitators reported that flying foxes were cared for in a human
and pet environment. Disposing of a dead flying fox was perceived as the least risky situation.
Although the CDNA considers contact with a flying fox that has been dead for more than four
hours to be low risk [15], rabies virus has been found to remain viable for more than four
hours under favourable temperature and sunlight conditions [46]. Thus, rehabilitators dispos-
ing of flying fox carcasses should still consider using PPE.

Despite moderate threat perception of viruses in flying foxes, and moderate-to-low risk per-
ception of hypothetical rescue situations, carers reported high frequency of PPE use when han-
dling flying foxes. This discrepancy may be due to regulations imposed by care organisations, or,
as some rehabilitators indicated, a desire to model appropriate behaviour for observing members
of the public. Although we asked carers to report what they “typically” used to handle flying
foxes, it is possible that carers vary their PPE depending on the threat they associate with a partic-
ular bat. Adult and wild-caught bats were perceived to pose more of a threat to carers, which cor-
responds with data on bats submitted for ABLV testing as part of a surveillance program
between June 1996 and March 2002 [8]. However, the recent detection of ABLV in three juvenile
flying foxes underscores that bats of all ages can be infected [47]. While age and origin of a bat
are relatively easy to identify, “odd” or “suspicious” bats were also perceived to pose an increased
threat. ABLV infection can cause a range of behaviours in infected bats, from paresis (weakness)
to aggression, and carers may have different thresholds in considering a bat suspicious. A carer
overconfident in her or his ability to diagnose ABLV infection, or unwilling to have a bat eutha-
nised, might postpone or forgo seeking medical attention if bitten or scratched by a flying fox.

Potential disease exposures and post-exposure management
When carers in Queensland and New South Wales were tested for HeV antibodies in the mid-
1990s, 74% reported having been bitten and 88% reported having been scratched by a flying fox
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[10]. These values are comparable to the 83% in this study who reported having been bitten or
scratched. While this percentage does not give a sense of howmany times a carer has been bitten
or scratched, just a single exposure can be sufficient for ABLV infection. Our results suggest that
rehabilitators should use PPE when handling flying foxes in order to reduce their odds of being
bitten or scratched. However, we recognize that PPE is just one component involved in handling
a bat, and that as carers emphasized, learning safe handling techniques is also important.

Carers ranged in the levels of PEM they reported, from taking no action to fully adhering to
the CDNA guidelines (practicing wound care and receiving post-exposure prophylaxis). Many
carers appeared to adjust their PEM based on the wound’s severity (e.g. bite or scratch), the
perceived risk posed by the bat (e.g. age, behaviour), and knowledge of their rabies titre level.

Limitations
Our results may be subject to selection bias because the survey was hosted online and was thus
only available to people with internet access. There may be less representation from carers in
remote areas and carers with lower socioeconomic status. In addition, because participants
were recruited via email discussion lists, rehabilitators unaffiliated with a care organisation
may be underrepresented. The lack of a centralized registry of carers prevents an estimate of
whether the sample is representative of the carer community as a whole. Our results may also
be subject to volunteer bias, as rehabilitators who have a high level of compliance with recom-
mended safety measures may have been more likely to complete the survey. Because all experi-
ences were self-reported, they may be subject to recall bias. Although the survey was
anonymous to encourage honesty, participants may have underreported risky behaviours.

Some carers indicated that the wording of the hypothetical risk scenarios were unclear, as
the risk to human health could be interpreted from the point of a carer or a member of the pub-
lic. For this reason, we did not include a numeric measure of risk perception, as calculated by
Young et al. [30], as an explanatory variable in the regression analyses.

Summary and recommendations
This report describes the results of the first survey designed to explicitly gather data on disease
risk perception and safety practices among Australian flying fox rehabilitators. We found that
carers are highly aware of ABLV, but do not perceive viruses in general to pose a threat to their
health. Rehabilitators in this study have many excellent safety practices, including a 100% vac-
cination rate against rabies, but there is still room for improvement in the use of PPE, both in
overall use and in use of heavier-duty equipment that can offer better protection. One barrier
to PPE use may be cost; since carers are typically volunteers, carers may not prioritize PPE
given limited funds. PEM also presents an opportunity for improvement, as some carers report
not practicing wound care or seeking post-exposure prophylaxis after a bite or scratch from a
bat. We recommend the development of Australia-wide guidelines for safety when caring for
bats. These guidelines, developed by carers, should emphasize the importance of proper PPE
use to reduce the risk of being bitten or scratched, which will in turn protect bats from the
threat of euthanasia. The guidelines should additionally provide recommendations on rabies
vaccination and frequency of titre checks.

Although they work in a volunteer capacity, rehabilitators provide an important service to
their communities by rescuing and rehabilitating flying foxes. Carers act as first responders in
diverse situations, ranging from rescuing bats from barbed-wire fence to treating large num-
bers of bats in extreme heat waves, and are thus put at increased risk of zoonotic disease trans-
mission. Bites and scratches are common in rehabilitators’ lifetimes, although this study did
not measure how frequently these occurred. Given that Australian state and territory
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government agencies recommend that members of the public should rely on carers to handle
bats [19–21], we recommend that these agencies in turn support carers. Through the HeV PPE
rebate program, Queensland veterinarians are offered compensation for the cost of initial pur-
chases of PPE, as well as for PPE used during an HeV investigation [48]. Similarly, state and
territory government agencies could offer compensation to carers who rescue a potentially
ABLV-infected bat. Such a program would help protect rehabilitators, and thus enable them to
continue caring for the bats that are so vital to Australia’s forest ecosystem.

Supporting Information
S1 File. SOAR: Survey Of Australian flying fox Rehabilitators.
(PDF)

S2 File. Survey data. Responses to the survey from 122 Australian flying fox rehabilitators.
Data were de-identified by removing the following information: gender, age, education level,
state of residence, years of experience, and wildlife care organisation.
(CSV)

S1 Table. Wildlife and flying fox organisations contacted.
(DOCX)

S2 Table. Risk to human health rated by 118 Australian flying fox rehabilitators, 2014: %a

and (n). Rehabilitators assigned risk ratings to multiple hypothetical scenarios involving a fly-
ing fox.
(DOCX)

S3 Table. Results of a binary logistic regression to identify predictors of being bitten or
scratched. Values are reported for β (beta) coefficient, SE (standard error), OR (odds ratio)
and 95% CI (confidence interval). PPE, personal protective equipment; Threat, whether a carer
considers viruses in flying foxes to be a threat to carer health. “Any form” of PPE includes
nitrile gloves, heavy gloves, or other PPE. Model AUC = 0.69.
(DOCX)

S4 Table. Results of a binary logistic regression to identify predictors of not being bitten or
scratched. Values are reported for β (beta) coefficient, SE (standard error), OR (odds ratio)
and 95% CI (confidence interval). PPE, personal protective equipment; Threat, whether a carer
considers viruses in flying foxes to be a threat to carer health. Model AUC = 0.77.
(DOCX)

Acknowledgments
Amy Burroughs, Gary Crameri, Ina Smith, and James Wynne provided helpful comments on
the survey design; Ina Smith additionally provided comments on the manuscript. Three anony-
mous reviewers provided thoughtful comments which greatly improved the manuscript. Tiggy
Grillo included the survey in the Wildlife Health Australia (previously Australian Wildlife
Health Network) weekly digest. Kathryn Keen forwarded the survey to members of Ozark, the
Australian Wildlife Carers Network. We would especially like to thank all of the dedicated fly-
ing fox carers who participated for their time and detailed responses.

Author Contributions
Conceived and designed the experiments: CAS MLB. Performed the experiments: CAS. Ana-
lyzed the data: CAS. Wrote the paper: CAS MLB.

Risk and Safety in Australian Bat Carers

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004411 February 1, 2016 13 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pntd.0004411.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pntd.0004411.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pntd.0004411.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pntd.0004411.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pntd.0004411.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pntd.0004411.s006


References
1. Hall L, Richards G. Flying foxes: Fruit and blossom bats of Australia. Sydney: University of New South

Wales Press; 2000.

2. Welbergen JA, Klose SM, Markus N, Eby P. Climate change and the effects of temperature extremes
on Australian flying-foxes. Proc R Soc Lond B Biol Sci. 2008; 275: 419–425. doi: 10.1098/rspb.2007.
1385

3. van der Ree R. Barbed wire fencing as a hazard for wildlife. Victorian Naturalist. 1999; 116: 210–217.

4. Markus N, Blackshaw JK. Motivations and characteristics of volunteer flying-fox rehabilitators in Austra-
lia. Anthrozoos. 1998; 11: 203–209.

5. Mackenzie JS, Field HE, Guyatt KJ. Managing emerging diseases borne by fruit bats (flying foxes),
with particular reference to henipaviruses and Australian bat lyssavirus. J Appl Microbiol. 2003; 94:
59S–69S. doi: 10.1046/j.1365-2672.94.s1.7.x PMID: 12675937

6. Field HE. The ecology of Hendra virus and Australian bat lyssavirus. Ph.D. Thesis, University of
Queensland. 2004. Available: http://espace.library.uq.edu.au/view/UQ:13859

7. Hooper PT, Lunt RA, Gould AR, Samaratunga H, Hyatt AD, Gleeson LJ, et al. A new lyssavirus—the
first endemic rabies-related virus recognized in Australia. Bulletin de l'Institut Pasteur. 1997; 95: 209–
218.

8. Barrett JL. Australian bat lyssavirus. Ph.D. Thesis, University of Queensland. 2004. Available: http://
espace.library.uq.edu.au/view/UQ:9486

9. Mendez DH, Judd J, Speare R. Unexpected result of Hendra virus outbreaks for veterinarians, Queens-
land, Australia. Emerg Infect Dis. 2012; 18: 83–85. doi: 10.3201/eid1801.111006 PMID: 22261152

10. Selvey L, Taylor R, Arklay A, Gerrard J. Screening of bat carers for antibodies to equine morbillivirus.
Commun Dis Intell. 1996; 20: 477.

11. Allworth A, Murray K, Morgan J. A human case of encephalitis due to a lyssavirus recently identified in
fruit bats. Commun Dis Intell. 1996; 20: 504.

12. Hanna JN, Carney IK, Smith GA, Tannenberg AEG, Deverill JE, Botha JA, et al. Australian bat lyssa-
virus infection: a second human case, with a long incubation period. Med J Aust. 2000; 172: 597–599.
PMID: 10914106

13. Francis JR, Vaska VL, Calvert S, McCall B, Mattke AC. Australian bat lyssavirus in a child: the first
reported case. Pediatrics. 2014; 133: e1063–e1067. doi: 10.1542/peds.2013-1782 PMID: 24590754

14. Delmas O, Holmes EC, Talbi C, Larrous F, Dacheux L, Bouchier C, et al. Genomic diversity and evolu-
tion of the lyssaviruses. PLoS One. 2008; 3: e2057. doi: 10.1371/journal.pone.0002057 PMID:
18446239

15. Communicable Diseases Network Australia. Rabies virus and other lyssavirus (including Australian bat
lyssavirus) exposures and infections: CDNA national guidelines for public health units. Canberra, Aus-
tralia: The Australian Government Department of Health; 2013.

16. Australian Technical Advisory Group on Immunisation. 4.16 Rabies and other lyssaviruses (including
Australian bat lyssavirus). 10th ed. Canberra: Australian Government Department of Health; 2013.

17. Field H, McCall B, Barrett J. Australian bat lyssavirus infection in a captive juvenile black flying fox.
Emerg Infect Dis. 1999; 5: 438–440. PMID: 10341182

18. McColl KA, Chamberlain T, Lunt RA, Newberry KM, Middleton D, Westbury HA. Pathogenesis studies
with Australian bat lyssavirus in grey-headed flying foxes (Pteropus poliocephalus). Aust Vet J. 2002;
80: 636–641. PMID: 12465817

19. Bats and human health. Available: http://www.health.qld.gov.au/communicablediseases/hendra.asp

20. Staying safe around bats. Available: http://www.sahealth.sa.gov.au/wps/wcm/connect/Public+Content/
SA+Health+Internet/Health+topics/Health+conditions+prevention+and+treatment/Bites+burns+cuts
+and+pests/Bats+and+staying+safe+around+them/Bats+and+staying+safe+around+them

21. Rabies and Australian bat lyssavirus infection. Available: http://www.health.nsw.gov.au/Infectious/
factsheets/Pages/Rabies-Australian-Bat-Lyssavirus-Infection.aspx

22. Code of practice for injured, sick and orphaned flying-foxes. 2012. Available: http://www.environment.
nsw.gov.au/resources/wildlifelicences/120026flyingfoxcode.pdf

23. Guidelines for the captive management of flying foxes (Pteropus sp.) in South Australia. Available:
http://www.environment.sa.gov.au/files/44c27248-d5d3-4a1c-8360-9fc000faae9b/pa-gen-
flyingfoxguidelines.pdf

24. Guidelines for caring for injured and orphaned bats (flying foxes). Available: http://www.parksandwildlife.
nt.gov.au/__data/assets/pdf_file/0004/348493/Draft_Guidelines-for-caring-for-bats.pdf

Risk and Safety in Australian Bat Carers

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004411 February 1, 2016 14 / 15

http://dx.doi.org/10.1098/rspb.2007.1385
http://dx.doi.org/10.1098/rspb.2007.1385
http://dx.doi.org/10.1046/j.1365-2672.94.s1.7.x
http://www.ncbi.nlm.nih.gov/pubmed/12675937
http://espace.library.uq.edu.au/view/UQ:13859
http://espace.library.uq.edu.au/view/UQ:9486
http://espace.library.uq.edu.au/view/UQ:9486
http://dx.doi.org/10.3201/eid1801.111006
http://www.ncbi.nlm.nih.gov/pubmed/22261152
http://www.ncbi.nlm.nih.gov/pubmed/10914106
http://dx.doi.org/10.1542/peds.2013-1782
http://www.ncbi.nlm.nih.gov/pubmed/24590754
http://dx.doi.org/10.1371/journal.pone.0002057
http://www.ncbi.nlm.nih.gov/pubmed/18446239
http://www.ncbi.nlm.nih.gov/pubmed/10341182
http://www.ncbi.nlm.nih.gov/pubmed/12465817
http://www.health.qld.gov.au/communicablediseases/hendra.asp
http://www.sahealth.sa.gov.au/wps/wcm/connect/Public+Content/SA+Health+Internet/Health+topics/Health+conditions+prevention+and+treatment/Bites+burns+cuts+and+pests/Bats+and+staying+safe+around+them/Bats+and+staying+safe+around+them
http://www.sahealth.sa.gov.au/wps/wcm/connect/Public+Content/SA+Health+Internet/Health+topics/Health+conditions+prevention+and+treatment/Bites+burns+cuts+and+pests/Bats+and+staying+safe+around+them/Bats+and+staying+safe+around+them
http://www.sahealth.sa.gov.au/wps/wcm/connect/Public+Content/SA+Health+Internet/Health+topics/Health+conditions+prevention+and+treatment/Bites+burns+cuts+and+pests/Bats+and+staying+safe+around+them/Bats+and+staying+safe+around+them
http://www.health.nsw.gov.au/Infectious/factsheets/Pages/Rabies-Australian-Bat-Lyssavirus-Infection.aspx
http://www.health.nsw.gov.au/Infectious/factsheets/Pages/Rabies-Australian-Bat-Lyssavirus-Infection.aspx
http://www.environment.nsw.gov.au/resources/wildlifelicences/120026flyingfoxcode.pdf
http://www.environment.nsw.gov.au/resources/wildlifelicences/120026flyingfoxcode.pdf
http://www.environment.sa.gov.au/files/44c27248-d5d3-4a1c-8360-9fc000faae9b/pa-gen-flyingfoxguidelines.pdf
http://www.environment.sa.gov.au/files/44c27248-d5d3-4a1c-8360-9fc000faae9b/pa-gen-flyingfoxguidelines.pdf
http://www.parksandwildlife.nt.gov.au/__data/assets/pdf_file/0004/348493/Draft_Guidelines-for-caring-for-bats.pdf
http://www.parksandwildlife.nt.gov.au/__data/assets/pdf_file/0004/348493/Draft_Guidelines-for-caring-for-bats.pdf


25. Australian bat lyssavirus and handling bats. 2013. Available: https://www.worksafe.qld.gov.au/__data/
assets/pdf_file/0003/82902/lyssavirus-handling-bats.pdf

26. Australian bat lyssavirus. Available: https://www.business.qld.gov.au/industry/agriculture/species/
diseases-disorders/animals/australian-bat-lyssavirus

27. McCall BJ, Epstein JH, Neill AS, Heel K, Field H, Barrett J, et al. Potential exposure to Australian bat
lyssavirus, Queensland, 1996–1999. Emerg Infect Dis. 2000; 6: 259–264. PMID: 10827115

28. Young MK, McCall BJ. Trends in potential exposure to Australian bat lyssavirus in South East Queens-
land, 1996–2003. Commun Dis Intell. 2004; 28: 258–260.

29. Young MK, McCall BJ. Potential exposure to Australian bat lyssavirus in South East Queensland: what
has changed in 12 years? Commun Dis Intell. 2010; 34: 334–338.

30. Young MK, El Saadi D, McCall BJ. Preventing Australian bat lyssavirus: community knowledge and risk
perception of bats in South East Queensland. Vector Borne Zoonotic Dis. 2014; 14: 284–290. doi: 10.
1089/vbz.2013.1414 PMID: 24689753

31. Quinn EK, Massey PD, Cox-Witton K, Paterson BJ, Eastwood K, Durrheim DN. Understanding human
—bat interactions in NSW, Australia: improving risk communication for prevention of Australian bat lys-
savirus. BMC Vet Res. 2014; 10. doi: 10.1186/1746-6148-10-144

32. Paterson BJ, Butler MT, Eastwood K, Cashman PM, Jones A, Durrheim DN. Cross sectional survey of
human-bat interaction in Australia: public health implications. BMC Public Health. 2014; 14: 8. doi: 10.
1186/1471-2458-14-58

33. Kung NY, Field HE, McLaughlin A, Edson D, Taylor M. Flying-foxes in the Australian urban environ-
ment—community attitudes and opinions. One Health. 2015; 1: 24–30.

34. Smith I, Wang LF. Bats and their virome: an important source of emerging viruses capable of infecting
humans. Curr Opin Virol. 2013; 3: 84–91. doi: 10.1016/j.coviro.2012.11.006 PMID: 23265969

35. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 2006; 3: 77–101.

36. R Core Team. R: A language and environment for statistical computing. Vienna, Austria: R Foundation
for Statistical Computing; 2013. Available: http://www.R-project.org/

37. Fox J, Weisberg S. An R Companion to Applied Regression. 2nd ed. Thousand Oaks, CA: Sage;
2011.

38. Robin X, Turck N, Hainard A, Tiberti N, Lisacek F, Sanchez J-C, et al. pROC: an open-source package
for R and S+ to analyze and compare ROC curves. BMC Bioinformatics. 2011; 12: 77. doi: 10.1186/
1471-2105-12-77 PMID: 21414208

39. Szumilas M. Explaining odds ratios. Journal of the Canadian Academy of Child and Adolescent Psychi-
atry. 2010; 19: 227–229. PMID: 20842279

40. Education andWork, Australia, May 2013. Available: http://www.abs.gov.au/ausstats/abs@.nsf/mf/
6227.0

41. Roberts BJ, Catterall CP, Eby P, Kanowski J. Latitudinal range shifts in Australian flying-foxes: a re-
evaluation. Austral Ecol. 2012; 37: 12–22. doi: 10.1111/j.1442-9993.2011.02243.x

42. Marsh GA, de Jong C, Barr JA, Tachedjian M, Smith C, Middleton D, et al. Cedar virus: A novel henipa-
virus isolated from Australian bats. PLoS Pathog. 2012; 8: e1002836. doi: 10.1371/journal.ppat.
1002836 PMID: 22879820

43. Barr J, Smith C, Smith I, de Jong C, Todd S, Melville D, et al. Isolation of multiple novel paramyxovi-
ruses from pteropid bat urine. J Gen Virol. 2014.

44. Cui J, Tachedjian M, Wang L, Tachedjian G, Wang LF, Zhang S. Discovery of retroviral homologs in
bats: implications for the origin of mammalian gammaretroviruses. J Virol. 2012; 86: 4288–4293. doi:
10.1128/jvi.06624-11 PMID: 22318134

45. Thalmann CM, Cummins DM, Yu M, Lunt R, Pritchard LI, Hansson E, et al. Broome virus, a new fuso-
genic Orthoreovirus species isolated from an Australian fruit bat. Virology. 2010; 402: 26–40. doi: 10.
1016/j.virol.2009.11.048 PMID: 20350736

46. Matouch O, Jaros J, Pohl P. Survival of rabies virus under external conditions [article in Czech]. Vet
Med (Praha). 1987; 32: 669–674.

47. Australian bat lyssavirus. Available: http://www.health.nsw.gov.au/Infectious/CDWR/2015/CDWR-
week49-2015.pdf

48. Hendra virus personal protective equipment rebate program. Available: http://www.qraa.qld.gov.au/
entity/veterinary-practice/Hendra-virus-PPE-Rebate-Scheme

Risk and Safety in Australian Bat Carers

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004411 February 1, 2016 15 / 15

https://www.worksafe.qld.gov.au/__data/assets/pdf_file/0003/82902/lyssavirus-handling-bats.pdf
https://www.worksafe.qld.gov.au/__data/assets/pdf_file/0003/82902/lyssavirus-handling-bats.pdf
https://www.business.qld.gov.au/industry/agriculture/species/diseases-disorders/animals/australian-bat-lyssavirus
https://www.business.qld.gov.au/industry/agriculture/species/diseases-disorders/animals/australian-bat-lyssavirus
http://www.ncbi.nlm.nih.gov/pubmed/10827115
http://dx.doi.org/10.1089/vbz.2013.1414
http://dx.doi.org/10.1089/vbz.2013.1414
http://www.ncbi.nlm.nih.gov/pubmed/24689753
http://dx.doi.org/10.1186/1746-6148-10-144
http://dx.doi.org/10.1186/1471-2458-14-58
http://dx.doi.org/10.1186/1471-2458-14-58
http://dx.doi.org/10.1016/j.coviro.2012.11.006
http://www.ncbi.nlm.nih.gov/pubmed/23265969
http://www.R-project.org/
http://dx.doi.org/10.1186/1471-2105-12-77
http://dx.doi.org/10.1186/1471-2105-12-77
http://www.ncbi.nlm.nih.gov/pubmed/21414208
http://www.ncbi.nlm.nih.gov/pubmed/20842279
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6227.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/6227.0
http://dx.doi.org/10.1111/j.1442-9993.2011.02243.x
http://dx.doi.org/10.1371/journal.ppat.1002836
http://dx.doi.org/10.1371/journal.ppat.1002836
http://www.ncbi.nlm.nih.gov/pubmed/22879820
http://dx.doi.org/10.1128/jvi.06624-11
http://www.ncbi.nlm.nih.gov/pubmed/22318134
http://dx.doi.org/10.1016/j.virol.2009.11.048
http://dx.doi.org/10.1016/j.virol.2009.11.048
http://www.ncbi.nlm.nih.gov/pubmed/20350736
http://www.health.nsw.gov.au/Infectious/CDWR/2015/CDWR-week49-2015.pdf
http://www.health.nsw.gov.au/Infectious/CDWR/2015/CDWR-week49-2015.pdf
http://www.qraa.qld.gov.au/entity/veterinary-practice/Hendra-virus-PPE-Rebate-Scheme
http://www.qraa.qld.gov.au/entity/veterinary-practice/Hendra-virus-PPE-Rebate-Scheme

