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Impacts

• Cat breeders are at risk of acquiring Q fever, due to husbandry practices

and environments that may expose them to infection with Coxiella burnetii.

• A significant Q fever knowledge gap was identified in respondent cat

breeders.

• Education forums are recommended to inform Australian cat breeders of

the aetiopathogenesis of Q fever.
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Summary

A Q fever outbreak in a small animal veterinary hospital, associated with a cat

caesarean section, initiated a cat seroprevalence study (n = 712) that found circu-

lating antibodies to Coxiella burnetii was highest in cattery-confined breeding cats

(9.3%). These findings stimulated interest about potential sources of C. burnetii

infection for cats and humans associated with cats. Cat breeders are potentially a

group at increased risk of C. burnetii infection, and this study sought to identify

potential risk factors. A cross-sectional online survey was conducted targeting all

domestic cat breeders registered with an affiliate member body in Australia in

2015. Responses from 177 cat breeders across Australia were analysed. Forty per

cent of responding cat breeders had not heard of Q fever. Raw meat was fed as an

integral constituent of the diet by 89% of respondents. Eighty per cent of respon-

dents allowed queens access to the home for parturition, and assistance of queens

and resuscitation of kittens at the time of birth were reported by 97% of respon-

dents. Respondents who perceived some level of exposure to Q fever through

their breeding activities were three times less likely to perform mouth-to-snout

resuscitation (OR 0.3 95% CI 0.1–0.9; P = 0.034) than those who did not per-

ceive a risk of exposure. Similarly, respondents who perceived Q fever as a risk

through breeding activities were close to eight times more likely to use personal

protective equipment during parturition (OR 7.7 95% CI 1.5–39.9; P = 0.015)

than those who did not. Husbandry practices of cat breeders that may increase

the risk of C. burnetii transmission require further targeted investigations to

assess the contribution of these risk factors to the acquisition of disease. Concur-

rent education forums are recommended to inform Australian cat breeders of the

aetiopathogenesis of Q fever.

Introduction

Coxiella burnetii is the aetiological agent responsible for the

worldwide zoonotic disease, Q fever. While Q fever in

humans is well characterized, the syndrome in animals,

coxiellosis, is largely uncharacterized. Domestic ruminants

have traditionally been seen as the primary reservoirs of

infection for humans (Guatteo et al., 2011), yet studies

originating from maritime provinces of Canada have con-

firmed periparturient cats as an important reservoir species

in that region (Marrie et al., 1985, 1988a,b, 1989). In the

United Kingdom (UK), assessment of C. burnetii sero-

prevalence in prey and predatory species found that both

wildlife and domestic cats may serve as important
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transmitters of C. burnetii infection to humans (Meredith

et al., 2015). Australia has one of the world’s highest annual

Q fever notification rates (Gidding et al., 2009), coupled

with a recent increase in reports of disease not attributable

to the traditional reservoir host species (Woldehiwet, 2004;

Angelakis and Raoult, 2010). Consequently, a multitude of

novel host animals have recently come under investigation

as sources of C. burnetii transmission in Australia (Cooper

et al., 2011, 2012a,b; Tozer et al., 2014; Shapiro et al.,

2015, 2016a).

This study commenced in response to a Q fever outbreak

following exposure of veterinary personnel to a C. burnetii-

infected periparturient queen undergoing an emergency

caesarean section. Serological investigations of all breeding

cats from the queen’s cattery of origin provided evidence of

C. burnetii exposure in many of the cats (Kopecny et al.,

2013). These findings led to the serological investigation of

four feline subpopulations (n = 712), exploring exposure

of domestic and feral cats in eastern Australia to C. burnetii

(Shapiro et al., 2015). Circulating antibodies to C. burnetii,

indicative of current and/or past exposure, were highest in

the cattery-confined breeding cat cohort, with 9.3% of

these cats seropositive. The Australian Government’s

Department of Health subsequently included cat breeders

in the 10th edition of the Australian Immunisation Hand-

book as individuals at potential risk of Q fever infection in

Australia with the recommendation that they be vaccinated

(ATAGI, 2015).

Correspondence with a small number of local cat breed-

ers following dissemination of the serological results above

revealed that many breeders were unfamiliar with Q fever.

Conversely, a few cat breeders had extensive knowledge of

the disease, having themselves been, or knowing of some-

one medically diagnosed with Q fever. With the cat-asso-

ciated outbreak of Q fever resulting from contact with a

periparturient cat and the knowledge that C. burnetii

attains highest infectious concentrations in the placenta

and birth products (Abinanti et al., 1953), cat breeders are

potentially at great risk of C. burnetii exposure if the organ-

ism is present in their breeding cats. A questionnaire was

developed which aimed to (i) assess current knowledge of,

and attitudes to, Q fever in cat breeders in Australia; (ii)

investigate husbandry practices and procedures of cat

breeders; and (iii) assess potential differences in husbandry

practices between those with clinically diagnosed Q fever

(personal and household cases) and those who have never

been diagnosed with the disease.

Materials and Methods

Study design

This cross-sectional study targeted all domestic cat breeders

across Australia registered with any state or territory cat

breeder organization. The questionnaire was implemented

using the online platform Survey Monkey� (Palo Alto, Cal-

ifornia, USA) and contained 45 questions (14 closed, 15

open and 16 semi-closed) divided across six sections con-

cerning (i) the cat breeder and their work, (ii) knowledge

and attitudes regarding Q fever, (iii) knowledge and atti-

tudes regarding Q fever vaccine, (iv) knowledge and atti-

tudes regarding likely exposure to Q fever, (v) husbandry

procedures including diet of cattery-confined cats and (vi)

practices and procedures related to cat mating and parturi-

tion. It was not compulsory for participants to answer all

questions, and skip logic (feature in questionnaire design

allowing participants to skip questions that are not relevant

to them based on their response to a particular question)

was utilized in the questionnaire. The study was approved

by the Human Research Ethics Committee of the Univer-

sity of Sydney (Project No. 2015/032). A participant infor-

mation statement was provided explaining the purpose,

nature and consequences of the study, and participant con-

sent was obtained prior to commencement of the question-

naire.

Recruitment of cat breeders

Recruitment of cat breeders took place from March to May

2015 by two methods: email invitations sent directly to cat

breeders (obtained from the cat breeder organizations’

websites) and/or recruitment email invitations sent to

breeders by the member organizations’ secretaries on the

authors’ behalf. The recruitment process was aided by the

two overarching cat breeding organizations in Australia:

Coordinating Cat Council of Australia Inc. and The Aus-

tralian Cat Federation Inc. These organizations oversee 17

affiliate organizations. These include the following: New

South Wales (NSW) Cat Fanciers Association, Capital Cats

Inc., Feline Control Council of Victoria Inc., Feline Associ-

ation of South Australia Inc., Cats Queensland Inc., Cat

Control Council of Tasmania, Cats NSW Inc., Cat Associa-

tion of the Northern Territory Inc., Feline Control Council

of Queensland Inc., Queensland Feline Association Inc.,

Queensland Independent Cat Council Inc., Governing

Council of the Cat Fancy of South Australia Inc., Cat Asso-

ciation of Tasmania, Cats Victoria Inc., Governing Council

of the Cat Fancy of Australia & Victoria, Cat Owners Asso-

ciation of Western Australia (WA) and Cats WA. Reminder

emails were sent on two occasions with an interval of three

weeks between emails.

Data management and analysis

Data were extracted from Survey Monkey�, transferred to

Microsoft Excel format (Microsoft Office 2010) and subse-

quently imported into GenStat 16.1 (VSN International,
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Hemel Hempstead, UK) and into the online statistical soft-

ware http://statulator.com/ (Khatkar and Dhand, 2014) for

analyses. Descriptive analyses produced frequency tables,

from which graphical analyses were performed. Non-

dichotomous data were collapsed and recategorized to cre-

ate dichotomous outcomes (e.g. for level of exposure to Q

fever, five original categories were collapsed into two with

either ‘no’ exposure (no) or ‘yes’ exposure (very low, low,

moderate and high).

The relationship between putative risk factors and poten-

tially risky husbandry practice were explored using univari-

able analyses. Five binary outcome variables were chosen:

feeding of raw meat (yes/no), use of Personal Protective

Equipment (PPE) (yes/no), birth location of queen (home/

cattery), disinfection of birth environment (yes/no) and the

use of mouth-to-snout resuscitation (yes/no). For each out-

come variable, the following risk factors were explored for

association using chi-squared analyses: knowledge of Q fever

(yes/no), a diagnosis of Q fever in the respondent’s house-

hold (yes/no), a perception of risk in relation to breeding cats

and Q fever (yes/no), exposure to Q fever (yes/no), and per-

ceptions and concern of exposure to Q fever in friends and

family visiting the cattery (yes/no). P-values of <0.05 were

considered significant, and 95% confidence intervals were

calculated. Respondents who consented to the survey but

failed to complete the majority (>90%) of the questions were

excluded from the statistical analyses.

Results

Sampling

A total of 938 emails were sent to potential participants. Of

these, 42 emails were undeliverable and one recipient

responded that the email was not applicable. Therefore, a

total of 895 participants were contacted for involvement in

the study, and a total of 177 responses were received result-

ing in a response rate of 19.8%.

Demographics

The sample population of responding cat breeders consisted

of 92% females and 8% males. The distribution of breeders’

age was negatively skewed (median = 58 years, range = 17–
78 years). Respondents currently breeding cats represented

85% of participants, and 60% of catteries had only one per-

son working at the cattery, while the remaining catteries had

two (29%), three (7%), four (3%) and five (1%) employees.

Of the 67% (118 of 177) of respondents who entered a loca-

tion postcode, 31 (26%) were from NSW (New South

Wales), 53 (45%) from Queensland (Qld), 16 (14%) from

Victoria (VIC), 8 (7%) from WA (Western Australia), 4

(3%) from South Australia (SA), 2 (2%) from Tasmania

(TAS) and 4 (3%) from the Northern Territory (NT).

Knowledge and attitudes regarding Q fever disease

Of the respondents to this section, 40% (49 of 123) had not

heard of Q fever. These participants did not answer any

further Q fever knowledge and attitudes questions and were

redirected to the Q fever vaccine section. Within those who

had heard of Q fever (74 of 123), knowledge regarding this

disease was obtained most commonly through word of

mouth (41%), Internet (32%) and ‘other’ sources (34%),

including incidents of Q fever disease in family members,

the workplace and other breeders. Eighty-eight per cent (65

of 74) accurately identified at least one species that may

transmit Q fever to humans. However, only 9% (7 of 74)

correctly identified all eight species in the survey while

1.3% (1 of 74) did not think that any animals transmitted

Q fever, and 26% (19/74) identified that it could be trans-

mitted from humans (Figs 1a and b).

Fifty-four per cent of breeders who had heard of Q fever

(40 of 74) reported that breeding cats represent some level

of risk in the transmission of Q fever to humans. However,

20% did not perceive cats as a species of risk (Fig. 2).

Within the group that reported some level of risk from

breeding cats, 80% (32 of 40) perceived they have been

exposed, at some level, to the organism causing Q fever.

Perceptions of Q fever risk were positively associated with

the perceived level of exposure to Q fever (P < 0.001)

(Fig. 3). The perceived level of exposure to Q fever through

cat breeding activities were grouped as no exposure (30%),

low exposure (43%), moderate exposure (20%) and high

exposure (7%). Forty-seven per cent of respondents

(n = 34) stated that they were concerned that people visit-

ing their catteries could be exposed to Q fever and the

majority of these respondents (30 of 34) were concerned

that their families could also be exposed.

Knowledge and attitudes regarding Q fever vaccination

Only 2% of respondents (n = 3) were vaccinated against Q

fever despite 28% (n = 35) being aware that a Q fever vac-

cine was available in Australia. However, 73% (n = 87) of

participants noted a willingness to be vaccinated against Q

fever in the future. Among the respondents that were will-

ing to be vaccinated, 37% (32 of 87) had never heard of Q

fever and 14% (12 of 87) did not perceive a Q fever risk

from contact with breeding cats.

Knowledge and perceptions of Q fever exposure

Seven respondents identified that they had previously been

diagnosed with Q fever (six female, one male), and we ter-

med these ‘personal Q fever cases’. The diagnoses of Q fever

in these seven individuals were made by medical practition-

ers with six requiring hospitalization for their illness and
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ongoing treatment. A further 26 respondents personally

knew of people medically diagnosed with Q fever. A total

of 61 Q fever cases were known to these 26 respondents,

with 14 respondents knowing more than one person with

Q fever (Fig. 4). The occupations of all known Q fever

cases were classified as follows: non-animal related (46%),

farming/meat works (27%), veterinary related (15%) and

animal breeder (12%). In determining the relationship of

the respondent to the Q fever patient, 45% of breeders

identified these cases to be part of their immediate family,

37% were friends/acquaintances, 11% had no relationship

with the respondent and 7% were neighbours. Four respon-

dents without Q fever reported that an individual that lived

in their household had been diagnosed with Q fever. Due

to overlap of personal and familial cases, a total of 11

respondents reported a history of Q fever within their

household. These respondents will subsequently be termed

‘household Q fever cases’.

Five of the 11 household Q fever cases strongly agreed

that cat breeders in general are at risk of Q fever while four

disagreed with this statement and two had a neutral

response. Two household Q fever cases felt that they had

had no personal exposure to Q fever over the course of

their cat breeding careers, five felt that they had received

low, two moderate and two high levels of exposure. Of the

four respondents above who did not perceive a risk of Q

fever from contact with breeding cats, three felt they had

been exposed to Q fever during the course of their cat

breeding activities. The availability of a Q fever vaccine was

not known by three of the 11 household Q fever cases. Q

(a)

(b)

Animal
species Fig. 1. Animal species identified as

capable of transmitting Q fever to humans.

Bar graphs represent a) individual animal

species and b) combinations of animal

species.
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fever household cases knew of a total of 21 other people

diagnosed with Q fever. Four of the seven people who

reported having Q fever themselves also lived in a house-

hold with other Q-fever infected people.

Three of the seven personal Q fever cases responded that

veterinarians have in the past suspected Q fever in their cat-

tery cats. Of the 11 household Q fever cases, three (one a

personal case) had their cats tested serologically for C. bur-

netii based on routine pregnancy checks or as a cause for

reproductive abnormalities. Of these 11 household Q fever

cases, two were from NSW, five from QLD and one from

the NT, and the remaining three Q fever cases did not enter

postal codes. Personal Q fever cases were reported to have

occurred between the years 2000 and 2012. No significant

difference in Q fever knowledge was evident between

respondents from the different states and territories.

Husbandry practices within the cattery

Movement of cats

Catteries are often classified as being either closed or

open, where open refers to allowing movement of

resident cats to and from the cattery, as well as visiting

cats into the breeding establishment, while closed pre-

vents all movement of breeding cats to and from the

cattery. Sixty-two per cent of respondents identified

that their catteries were closed. Respondents were

requested to detail, under specified locations, the time

spent by their breeding cats within different living envi-

ronments. It was reported that kittens as well as queen-

ing, non-pregnant and pregnant cats were located

within the home environment 83–95% of the time. In

comparison, male cats were allowed within rooms of

the home only 25% of the time.

Dietary constituents

When analysing the multiple dietary constituents fed to

cats, 89% of respondents reported feeding raw meat to their

cats as an integral part of their diets, together with com-

mercial dry (65%), commercial wet (59%) and home

cooked (27%) food. Further assessment of the raw dietary

constituents revealed that 50% fed raw beef, 36% raw

chicken, 31% raw kangaroo and 23% raw bones. Raw meat

products were reported to be sourced from supermarkets

(80%), local butchers (47%), pet food stores (38%) and

abattoir outlets (16%).

Mating locations

Mating locations occurred on the property with only resi-

dent cats in 62% (76 of 122) of respondents to this section.

Twenty per cent (25 of 122) of respondents to this section

reported mating of cats on the property with both resident

and external cats, and 18% (22 of 122) reported mating

occurring on external properties with cats from other prop-

erties.

Fig. 2. Cat breeders’ perception of Q fever risk from breeding cats.

Responses of breeders (n = 74) who identified that they had heard of Q

fever to the statement: ‘Cat breeders are at risk of Q fever from contact

with breeding cats.’

Fig. 3. Positive association between cat

breeders’ perceptions of Q fever risk due

to contact with breeding cats, and their

perceived level of Q fever exposure as a

result of cat breeding activities

(P < 0.001).
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Birthing process

Many respondents allowed queening cats to give birth

within the home environment (80%, 91 of 114), with a

large percentage of these within the bedroom or bathroom

(37%, 42 of 114) of the breeder. Confining the queening

cat to a cattery enclosure was reported to occur less fre-

quently (22%, 25 of 114).

Assistance at the time of birth is given to queens by 97%

of breeders (113 of 116), including resuscitation of non-

breathing kittens. Methods of resuscitation varied in fre-

quency; 101 (89%) respondents reported that they swing

kittens in a supported position, 44 (39%) performed

mouth-to-snout resuscitation, and 14 (12%) cleared birth

products from airways via a suction catheter, while 12

(11%) allow for resuscitation of kittens through veterinary

assistance (Fig. 5). Those respondents who thought that

they had at least some level of exposure to Q fever through

breeding activities had a third of the odds of performing

mouth-to-snout resuscitation compared to those who did

not think that they were exposed to Q fever through breed-

ing activities (OR 0.3 95% CI 0.1–0.9; P = 0.034)

(Table 1).

When assisting queens at the time of birth, 53%

(n = 57) of breeders stated they did not use any form of

PPE. Of those using PPE (47%, n = 50) all used gloves,

seven wore overalls, four wore a mask and one reported

wearing goggles/protective glasses (Fig. 6). A significant

association was identified between the use of PPE and per-

ception of the risk of Q fever transmission in breeding cat-

teries. Those respondents who perceived a risk of Q fever

through cat breeding activities were approximately eight

times more likely to use PPE at the time of birth than those

who did not perceive this same risk (OR 7.7 95% CI

1.5–39.9; P = 0.015) (Table 1).

Following the birth process, 35% (41 of 117) of respon-

dents stated that the birth environment was thoroughly

cleaned and disinfected with chemical disinfectants. With

respect to disposal of the birth products, 43% of respon-

dents report feeding part or the entire placenta to the

queen, 23% discarded the products in the rubbish bin, 3%

allow it to remain with the queen, 2% place it in biological

waste containers, and 1% of breeders bury the products of

birth. The remaining breeders mentioned various other

methods of disposal such as ‘flush down toilet’, place birth

products single or double bag then discard placed in bin or

incinerate.

Discussion

This study investigated Australian cat breeders’ knowledge

of, and attitudes to, Q fever, together with an evaluation of

their husbandry practices that may potentially place them

at risk of acquiring Q fever. The large number of

Fig. 5. Methods of kitten resuscitation practiced by survey respondents

n = 113. Note some respondents practiced more than one method of

resuscitation.

Fig. 4. Q fever patients known to breeders. Number of people medi-

cally diagnosed with Q fever who are known to survey respondents.

Table 1. Logistic regression analysis of variables with a statistically significant association; mouth-to-snout resuscitation (M to S) and perceived level

of exposure to Q fever and personal protective equipment (PPE) and risk perception of Q fever through contact with breeding cats

Risk factor Categories B SE Odds ratio Lower 95% Upper 95% P value

M to S Constant 0.182 0.428 0.3 0.1 0.9 0.034

Exposure �1.127 0.531

PPE Constant �1.705 0.768 7.7 1.4 39.8 0.015

Risk perceptions 2.041 0.839

B, estimate; SE, standard error.
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participating cat breeders in this survey with medically

diagnosed Q fever (6% of study population) compared

with the mean annual notification rate of the general popu-

lation (0.002%) is supportive of the identification of cat

breeders as an at-risk group of acquiring Q fever. The find-

ings obtained from this study, allow a greater understand-

ing of the potential risk factors for C. burnetii transmission

from cats to humans that will allow for the implementation

of national cat breeder education forums, empowering the

cat breeding community with knowledge of Q fever to

inform their practices. Cat breeders should be informed of

the availability of and need for Q fever vaccination for

those at risk and also be made aware of the potential for

C. burnetii transmission from cats to humans during the

periparturient period with a critical need for PPE and other

biosecurity measures at this time.

Comparison of cat breeder distributions across Australia

indicates that those from QLD were more likely to respond

to the questionnaire than breeders from other states and

territories in Australia. A possible explanation for the

greater response rate from QLD cat breeders may be the

higher Q fever notification rates in QLD with suspected

greater disease awareness compared to other states and ter-

ritories in Australia. Household Q fever cases (n = 11) were

recorded between the years 2000 and 2012 and were from

NSW (n = 2), QLD (n = 5) and the NT (n = 1). Mean

annual Q fever notification rates in NSW, QLD and the NT

from 2000 to 2012 were 335, 412 and 4 cases, respectively

(NNDSS – Australian Government, 2015). Q fever among

cat breeders follows a similar state distribution to that of

expected notifications in the general population. Cat breed-

ers comprise a small proportion of the overall Australian

population but appear to be an occupational group that are

over-represented with respect to Q fever notifications based

on the current study. National Q fever notification rates

per 100 000 population over the years 2000–2012; mean

notifications for NSW, QLD and the NT were 5, 6 and 1

per 100 000 population, respectively (NNDSS – Australian

Government, 2015). According to the member affiliate

organizations, registered cat breeder numbers are as fol-

lows: NSW (n � 500), QLD (n � 200) and the NT

(n = 6) Using these numbers, conversion of the cat breeder

reported Q fever cases equates to 400, 2500 and 17 cases

per 100 000 population, and this is with the very conserva-

tive assumption that no other cases exist outside those

reported in this questionnaire. These crude calculations

emphasize that cat breeders must be considered at

increased risk of Q fever infection and disease from cat

breeding activities in Australia and possibly elsewhere

where Q fever is reported.

It must be acknowledged that self-selection bias which

is defined as a subgroup of the sample population with

significantly different experiences of the survey topic from

the general population, responding to a survey in higher

proportions than those with similar experiences to the

general population (Whitehead, 1991). Therefore, the

potential for survey selection bias may have existed among

cat breeders who suffered as Q fever patients, making

them more likely to respond than those unaffected by the

disease. However, research has shown that self-selection

bias may not have large impacts on some prevalence and

exposure-outcome association studies (Søgaard et al.,

2004; Nilsen et al., 2009). Yet, it remains probable that the

potential for self-selection bias by respondents may have

led to a high rate of inclusion of Q fever patients, creating

a potential over-representation of Q fever cases in the sur-

vey. Additionally, the response rate of 19.8% may intro-

duce a further limitation into this study through unknown

biases as a result of a smaller sample population surveyed.

However, even if the total number of medically diagnosed

Q fever cases (n = 11) reported in this study were the only

Q fever cases within the entire group of cat breeders that

were approached (n = 895), this would equate to a preva-

lence of 1.2%, which is 200 times greater than the preva-

lence (0.006%) in the general QLD Australian population.

Hospitalization was required for six of the seven (86%)

Q fever cases identified in the respondents of this study.

This rate of hospitalization far exceeds overall reports in

the literature that estimate Q fever hospital admissions at

4% of all symptomatic cases (Angelakis and Raoult, 2010),

with the possibility that these individuals may be exposed

to higher infective bacterial loads as a result of resuscitation

Fig. 6. (a) Personal Protective Equipment usage by cat breeders. a) Sur-

vey respondents (n = 107) use of Personal Protective Equipment (PPE)

at the time of kitten birth; and b) Breakdown of the type of PPE used by

the respondents (n = 50) who reported routinely using PPE at the time

of birth.
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methods performed at parturition. The severity of Q fever

experienced by these respondents suggests that only

severely symptomatic Q fever diagnoses have been reported

in this study, with the possibility of undiagnosed, unre-

ported and asymptomatic cases of Q fever highly prevalent

within the study population. As cat breeders have not pre-

viously been recognized as a Q fever risk group, the disease

prevalence estimated by this study population is likely to be

conservative and underestimated. Based on reported Q

fever outbreaks worldwide, the majority (60%) of Q fever

disease in studied patients is asymptomatic, or mild and

brief (Dupuis et al., 1987), requiring no medical interven-

tion (Maurin and Raoult, 1999). It is highly probable that a

far greater percentage of the cat breeding community than

reported may have current or past infection with C. bur-

netii, with seroconversion serving as the only evidence. A

future nationwide serosurvey of all cat breeders would pro-

vide valuable information on the overall immune status of

cat breeders in Australia.

Potential sources of C. burnetii infection for humans

include contact with C. burnetii-contaminated tissues,

birth products and neonates. Importantly, four potential

risk factors for the transmission of C. burnetii in breeding

catteries have emerged from this study: feeding and han-

dling raw meat, location of parturition, assistance provided

at time of birth and the use of PPE. The first putative factor

to be explored is the widespread inclusion of raw meat as

an integral constituent of the diet of cattery-confined

breeding cats. Raw meat intended for pet consumption in

Australia falls under the control of the Primary Industries

Standing Committee (PISC) Technical Report 88 –
Amended 2009 ‘Standard for the Hygienic Production of Pet

Meat’ (PISC, 2009). Microbial contamination of these raw

meat products is not monitored. The current study identi-

fied cat breeders as a subpopulation with higher prevalence

of Q fever, with 89% of respondents frequently handling

raw meat products, a far greater proportion compared to

that of the general population. These findings lead to the

creation of a hypothesis that raw meat intended for pet

consumption may serve as a source of C. burnetii for cats

and humans. This hypothesis was explored in a recent pilot

study demonstrating C. burnetii DNA in raw meat of pri-

marily kangaroo origin produced for the pet meat industry

in Australia (Shapiro et al., 2016b). Further large-scale

investigations are required to definitively determine the

implications of these findings, yet the overarching conclu-

sion from the pilot study was that DNA with 100% homol-

ogy to C. burnetii was present in 64% of the raw meat

samples examined and 100% of these samples contained

kangaroo as a constituent. Raw meat intended for pet con-

sumption warrants further investigation and pre-emptive

implementation of food safety education forums for cat

breeders handling all fresh food products is required.

The second and third C. burnetii risk factors identified

were location of, and assistance given to, the queen at the

time of parturition. Inhalation of C. burnetii-infected aero-

sols arising from the feline birth environment, foetal mem-

branes and neonates has been responsible for numerous Q

fever outbreaks (Kosatsky, 1984; Langley et al., 1988;

Marrie et al., 1989; Pinsky et al., 1991; Kopecny et al.,

2013). The majority of respondents stated that queens are

brought into the home environment at the time of birth,

thereby increasing potential contact between infectious

C. burnetii excreta and humans. Within the cat breeding

industry, breeders are favoured for kittens born and raised

within the family home and this is promoted on their web-

sites. The veterinary community can exercise their duty of

care towards cat breeding clients by recommending that

designated birthing environments, wherein infection can be

controlled and be solely used for queening cats and that

parturition should not occur near the living environments

of people. Respondents also indicated that mouth-to-snout

resuscitation is a common method of reviving non-breath-

ing kittens at the time of birth. The Compendium of Veteri-

nary Standard Precautions for Zoonotic Disease Prevention

in Veterinary Personnel lists C. burnetii as a common zoo-

notic pathogen present in birth fluids and advises that vet-

erinary personnel never blow into the mouth or nose of

non-respiring neonates (Turra et al., 2006). However, as

demonstrated from this study, the outdated practice of

neonatal mouth-to-snout resuscitation still exists in many

parturient environments despite the recent availability of

devices that safely allow for resuscitation of kittens and

puppies. In addition, results of this study indicate that those

breeders perceiving a level of C. burnetii exposure through

their breeding activities are three times less likely to practice

mouth-to-snout resuscitation. While we cannot speculate

on the reason for this association, it is hoped that knowl-

edge of risk drives good practice, eliminating this poten-

tially dangerous resuscitation method, and knowledge of

zoonotic pathogen transmission to those present at the time

of birth of cats is speedily disseminated.

The final C. burnetii risk factor is the use of PPE during

the periparturient stage by those assisting the queen and

kittens or involved in disinfection and disposal activities

around the time of birth. Respondents perceiving Q fever

as a risk through breeding activities were close to eight

times more likely to use PPE. It is recommended to veteri-

narians that barrier precautions including the use of gloves,

facial protection, sleeves and impermeable outerwear be

worn for all obstetric cases in the prevention of exposure to

infective zoonotic agents (Turra et al., 2006). Similar

guidelines, along with those pertaining to the location of

parturition and assistance at the time of birth, require

urgent communication to the cat breeding community.

Imparting knowledge on C. burnetii transmission from
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animals to humans as well as control and prevention of

transmission to humans is a primary and crucial responsi-

bility of the veterinary community, especially in the face of

increasing Q fever cases in the absence of traditional reser-

voir host species.

Assessment of differences in C. burnetii risk factors

between those having been, or never having been medically

diagnosed with clinical Q fever, either personally or within

the home environment, found no statistically significant

associations. The small sample size of household Q fever

cases and potential undiagnosed Q fever cases within the

non-Q fever group creating limitations and bias in correctly

identifying and comparing the two groups may contribute

to the inability to find associations if present. Interestingly,

a substantial percentage (40%) of those identifying a per-

ceived level of Q fever exposure through contact with

breeding cats do not think these cats pose a risk of Q fever.

Those respondents who identified that they did not think

that exposure to the causative agent occurred through cat

breeding activities also did not perceive any risk of Q fever

from breeding cats (Fig. 3). However, a (decreasing) pro-

portion of those who perceived some level (low, moderate

or high) of exposure to Q fever through their cat breeding

activities also reported that cat breeders are not at risk of Q

fever from contact with breeding cats. The exact cause of

these trends in perceived Q fever exposure and risk are

unclear. Pathways of Q fever causation in those who

reported having Q fever were not able to be studied, and

the presence of Q fever infection was not observed to influ-

ence current behaviours with respect to infection control

procedures by those affected by the disease identified in this

study. However, it may be that breeding practices changed

for those participants following their clinical Q fever diag-

noses, and therefore, the practice of risky behaviours were

not able to be correlated with infection status in this study

because participants only reported their current practice.

Conclusion

Cat breeders engage in husbandry practices as part of their

daily work that vastly differs from the general cat-owning

community in Australia, with potential exposure to sources

of C. burnetii infection from frequent contact with birth

products, fluids and C. burnetii-contaminated environ-

ments. A significant knowledge gap on Q fever (epidemiol-

ogy, clinical disease, vaccination and prevention) is present

among cat breeders in Australia. Risk perceptions of Q fever

influence overall attitudes towards the disease in study

respondents. Potentially risky husbandry practices in rela-

tion to cat breeding were identified, leading to the crucial

need for further studies investigating sources of C. burnetii

for cats and cat breeders. The identified risk factors require

the implementation of education forums, aimed at

equipping cat breeders with current and evidence based

standard operating procedures during the periparturient

period, to help prevent the transmission of this emerging

zoonotic infectious disease.
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