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Context. The deleterious impacts of cat predation on wildlife have been well documented.
Additionally, unowned cats may act as reservoirs of disease important to public and companion
animal health and their proclivity for roaming and fighting enables effective disease transmission.
Urban environments support the highest human populations and companion animal densities,
increasing the potential for disease transmission from unowned cats to people and pets. However,
there is little data on the prevalence of pathogens in unowned cat populations.Aims. This aim of this
research was to establish baseline prevalence data for priority pathogens in an urban population of
unowned cats. Methods. One hundred unowned cat cadavers were collected from the Brisbane
City Council region, Queensland, Australia. Blood and additional organ or tissue samples were
collected post-mortem. Diagnostic methods for pathogen detection included use of real-time
polymerase-chain reaction, commercially available rapid enzyme-linked-immunosorbent assay,
lavage and faecal flotation. Key results. Pathogen carriage was found in 79% (95% CI 71, 87%)
of sampled cats. In total, 62% (95% CI 52, 72%) of cats showed evidence of co-carriage of two or
more pathogenic organisms. The overall prevalence found for pathogens and parasites investigated
were: Toxoplasma gondii, 7% (95% CI 2, 12%); Coxiella burnetii, 0.0% (95% CI 0, 0%); feline
immunodeficiency virus, 12% (95% CI 6, 18%); feline leukaemia virus, 0.0% (95% CI 0, 0%); and
gastrointestinal parasites, 76.8% (95% CI 68, 85%).Conclusions. This study reports contemporary
prevalence data for these pathogens that have not previously been available for unowned cats of
south-east Queensland. High rates of gastrointestinal parasitism observed throughout the study
population prompt concerns of a general increase in pathogenic prevalence, especially in comparison
with that of owned domestic cats, as per previously published literature. The presence of signs of
fighting is an important risk factor for increased likelihood of infection. Implications. Data produced
from this study contribute to informing cat management efforts throughout urban regions. Continued
and expanded investigations, considering prevalence and risk factors of pathogens important to human
and companion animal health, are recommended for the south-east Queensland area and beyond.

Keywords: disease, Feline Influenza Virus, feral cats, parasites, pathogens, Toxoplasma gondii,
unowned cats, wildlife management, zoonoses.

Introduction

Urbanisation and human habitation have aided in supporting the dissemination of cats 
(Felis catus), leading to widespread owned, unowned and feral populations (Koch et al. 
2015; Hanmer et al. 2017). Owned cats are domesticated animals that rely on, and belong 
to, a designated owner. Unowned cats are free ranging, without defined ownership but may 
have some or intermittent dependence on humans, and feral cats are free ranging with no 
dependence on humans, often in unmodified habitats (Australian Veterinary Association 
2022). Today, feral cats are broadly distributed across Australia, with an estimated 
population between 2.1 and 6.3 million and occupation of more than 99.8% of Australia’s 
landmass (Legge et al. 2017). The highest densities of cats occur in urban environments, 
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enabled by an abundance of resources and suitable living 
conditions (Gilot-Fromont et al. 2012). Likewise, urban 
environments support the highest densities of both human 
and companion animal populations, suggesting these regions 
hold the potential for considerable contact and subsequent 
spread of various diseases from unowned cats to people 
and pets. 

The impacts of predation by cats on wildlife are well 
documented (Hardman et al. 2016; Doherty et al. 2017; 
Murphy et al. 2019; Woolley et al. 2019). Cats can also 
carry a variety of harmful infectious pathogens (Loss and 
Marra 2017; Legge et al. 2020a) and are known to harbour 
up to 50 zoonoses globally (Woinarski et al. 2019). Thirty-
six pathogens have been identified in Australian feral cat 
populations (Doherty et al. 2017). Some notable pathogens 
include: (1) Toxoplasma gondii, a zoonotic protozoan parasite 
that causes toxoplasmosis. In humans, it can be asymptomatic 
or symptomatic, and is estimated to infect around one-third of 
the global population, with a remarkably diverse interme-
diate host range (Hill et al. 2005; Dickson 2018); (2) 
Coxiella burnetii, a highly infectious zoonotic bacterial 
pathogen, causing the notifiable disease Q fever (Kazar 2005; 
Malo et al. 2018; Ma et al. 2020); (3) Feline immunodeficiency 
virus (FIV), a lentivirus that induces a syndrome in cats similar 
to human acquired immunodeficiency syndrome (AIDS) 
(Norris et al. 2007; Elder et al. 2010); (4) Feline leukaemia 
virus (FeLV), a highly pathogenic γ-retrovirus, most frequently 
inducing anaemia or immunosuppression in infected cats 
(Hartmann 2012; Westman et al. 2019); and (5) a range of 
gastrointestinal parasites carried by cats, with the co-carriage 
of two or more species common, and of which several are 
zoonotic (Hill et al. 2000; Palmer et al. 2008; Paris et al. 2014; 
Yang and Liang 2015; Dybing et al. 2018). 

Contemporary knowledge of disease prevalence 
throughout urban areas is essential to inform risk potential 
and the development of appropriate management strategies. 
There are limited data available regarding the prevalence 
and risks of pathogens carried by urban unowned cats. 
Efforts to educate community members on the seriousness of 
zoonotic pathogens can be hampered by lack of information, 
difficulty in disseminating relevant data to the public and how 
the public perceive the information provided (Nguyen et al. 
2021; D. Franks, pers. comm.). Several factors also contribute 
to barriers for enacting efficient unowned cat management 
within urban regions. Resident contravention of animal 
management legislation, including interference with manage-
ment actions and supplementary feeding of unowned cats, 
hinder management efforts (Deak et al. 2019; D. Franks, 
pers. comm.), leading to increased densities of unowned cats 
and, subsequently, the potential for heightened spread of 
disease. Therefore, the aim of this study was to determine 
the prevalence and risk factors of key pathogens that have 
importance to human or companion animal health in an urban 
unowned cat population in Brisbane, Queensland, Australia. 
The data reports contemporary baseline prevalence information 

for these pathogens in unowned cats. This knowledge is 
critical to inform future epidemiological studies, for public 
education campaigns, and most importantly to assist in 
building strategies for unowned and feral cat management. 

Materials and methods

Study population

One hundred cat carcasses were contributed from an 
unowned cat management program conducted across the 
study area, situated in the Brisbane City Council local 
government area of south-east Queensland, Australia (Fig. 1). 
Cats were captured between November 2020 and February 
2021 using cage traps baited with commercially available 
cat food. Trapping locations were chosen in response to 
public complaints, known resident feeder locations and 
recognised problem areas, and occurred widely across the 
local government area. No demographic selective criteria 
(i.e. preference for age, sex, body condition score or other) 
was stipulated in collection protocols. Cats categorised as 
unowned (no microchip, not desexed, no known owner or 
indication of ownership) and not suited to rehabilitation/ 
rehoming were euthanised. All capture and euthanasia 
processes were performed by suitably qualified and experienced 
Brisbane City Council operators and conducted in compliance 
with University of Queensland animal ethics approval 
ANRFA/SVS/219/20. 

Sample collection

Initial sampling was performed by Brisbane City Council 
operators. Whole blood and sera were collected via cardiac 
puncture and transferred to ethylenediaminetetraacetic acid 
(EDTA) tubes and serum separator tubes (SST). Samples 
and cadavers were then stored at −20°C until transport to 
the University of Queensland Anatomy Laboratory freezers. 
Cadavers were thawed at 4°C for 4–5 days prior to necropsy. 
Demographic data recorded included: cat type; sex; estimated 
age (juvenile, adult, elderly); signs of fighting (present, 
absent); body condition score (emaciated, underweight, ideal, 
overweight, obese); weight; and desexing or pregnancy status. 
Ectoparasites were collected and stored. The following 
samples were collected during necropsy: diaphragm; thigh 
(typically sartorius or gracilis); heart; tongue; kidney; spleen; 
liver; lung; brain; and mesenteric lymph nodes (where 
enlarged). A minimum of 2 cm × 2 cm of each sample was 
collected where possible. Brain (1–2 mL) was extracted 
from each carcass. Lymph nodes were stored refrigerated at 
4°C, and all other remaining samples were stored frozen at 
−20°C. If present, faeces were removed from the colon and 
stored at 4°C. Stomach contents were assessed during 
necropsy and collected if present. 
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Fig. 1. Map with the geographical distribution and the number of animals that were positive to FIV
and Toxoplasma gondii across the Brisbane City Council local government area of south-east
Queensland, Australia.

T. gondii

Frozen muscles were thawed at 4°C. Portions of contributing 
samples were pooled to a total of 6 g of tissue: 1 g each of 
diaphragm, thigh, heart and brain; and 2 g of tongue. Artificial 
tissue digestion and DNA extraction was performed as per 
Adriaanse et al. (2020), with minor modifications as follows. 
Tissues were cut into small pieces prior to addition of Tris-
EDTA lysis buffer (TE) (molecular grade water, 40 mM Tris, 
10 mM ETDA, The University of Queensland, Gatton, Qld, 
Australia). TE was added to pooled tissues to make up to a 
volume of 10 mL. Samples were then oven incubated at 90°C 
for 10 min. After being cooled to room temperature, 200 μL of  
Proteinase K (20 mg/mL) (Qiagen, Chadstone Centre, Vic., 
Australia; Bioline, Eveleigh, NSW, Australia) was added to 
each sample and oven incubated at 55°C overnight (~18 h). 
Following incubation, genomic DNA extraction was performed 
using Qiagen DNeasy Blood and Tissue kits (Qiagen, Chadstone 

Centre, Vic., Australia), following the manufacturer protocol. 
Total nucleic acid concentrations were assessed using a 
NanodropTM 2000 spectrophotometer (Thermo Fisher 
Scientific, Seventeen Mile Rocks, Qld, Australia). 

DNA oligonucleotide primers and TaqMan probe 
(Adriaanse et al. 2020) were made and supplied by Sigma-
Aldrich (Saint Louis, MO, United States). Amplification 
mixture consisted of 10 μL TaqMan™ Universal Master Mix 
II, no UNG (Thermo Fisher Scientific, Seventeen Mile Rocks, 
Qld, Australia), 0.3 μL of each T. gondii primer and probe 
(from 100 μM stock), 8.1 μL molecular grade water and 
1 μL of DNA sample for a final reaction volume of 20 μL. 
Positive control was provided by Dr Steven Kopp (University 
of Queensland). A sample was considered positive when 
amplification occurred across all three wells with the Cq 
averaging ≤37. Due to time constraints and initial delay in 
product delivery, qPCR validation of tissue gDNA used 
feline glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
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primers (Cattori et al. 2006) and PowerUp™ SYBR™ Green 
Master Mix (Thermo Fisher Scientific, Seventeen Mile Rocks, 
Qld, Australia). Amplification mixture consisted of 10 μL 
SYBR Green, 0.5 μL of each GAPDH primer, 7 μL molecular 
grade water and 2 μL of gDNA sample. All processing and 
analyses were performed in a PC2 Laboratory. 

C. burnetii

Non-nucleated blood pre-treatment was undertaken as 
follows. EDTA tubes were vortexed to ensure homogenisa-
tion of whole blood contents; 200 μL blood was aliquoted 
with addition of 20 μL of Proteinase K (20 mg/mL) and 
200 μL Buffer AL (Qiagen, Chadstone Centre, Victoria, 
Australia). Samples were incubated at 56°C for 10 min. 
DNA extraction was performed following manufacturer 
protocol (Qiagen DNeasy Blood and Tissue kit). 

DNA oligonucleotide primer and probe sequences for 
targeted genes IS1111a and com1 were used as per Banazis 
et al. (2010) and Lockhart et al. (2011), respectively. qPCR 
cycling for target genes was run separately. Amplification 
mixtures consisted of 10 μL TaqMan™ Universal Master Mix 
II, no UNG (Thermo Fisher Scientific, Seventeen Mile Rocks, 
Qld, Australia), 0.3 μL of each primer and probe (from 200 μM 
stock), 8.1 μL molecular grade water (Thermo Fisher 
Scientific, Seventeen Mile Rocks, Qld, Australia) and 1 μL 
of DNA sample for a final reaction volume of 20 μL. 

C. burnetii Phase I antigen (Nine Mile strain) (Institute 
Virion\Serion GmbH, Würzburg, Germany) was used to 
perform five ten-fold serial dilutions to mitigate the potential 
of inhibition due to high cell density and enable determina-
tion of a non-arbitrary Cq cut-off for qPCR testing. 
Duplicate antigen dilutions were subjected to qPCR using 
the same cycling protocol as described for T. gondii testing. 
Serial dilutions were run for both IS1111a and com1 target 
genes using TaqMan probe and primer sets as per Banazis 
et al. (2010) and Lockhart et al. (2011). C. burnetii DNA 
oligonucleotide primers and probes were made and supplied 
by GeneWorks (Thebarton, SA, Australia). Cq cut-off for 
C. burnetii testing was determined as 38: upper limit Cq 
value of dilutions (IS1111a) showed standard deviation of 
<0.3 between replicates, plus one standard deviation of Cq 
difference between dilution factors. The dilution factor 
selected for use as positive control was 1:10 000 C. burnetii 
Phase I antigen. 

qPCR validation of whole blood gDNA used feline GAPDH 
primer and TaqMan probe sets as per Cattori et al. (2006). 
Validation amplification mixture consisted of 10 μL TaqMan™ 
Universal Master Mix II, no UNG, 0.5 μL of each GAPDH 
primer and probe (100 μM), 6.5 μL molecular grade water 
and 2 μL of gDNA sample for a total volume of 20 μL. 

All qPCR pathogen detection reactions were carried out on 
gDNA extracts as per Adriaanse et al. (2020), with minor 
modifications as follows. qPCR run protocol was set to subject 
reaction mixture to an initial incubation of 95°C for 10 min 

followed by 45 cycles of denaturation: 95°C for 15 s; and 
annealing/extension: 60°C for 60 s. Genomic DNA and 
reaction inhibition status were validated using feline GAPDH 
as an internal control (Cattori et al. 2006). qPCR validation 
run protocol was set to subject reaction mixtures to an 
initial incubation of 95°C for 2 min followed by 45 cycles 
of denaturation: 95°C for 15 s; and annealing/extension: 
60°C for 60 s. Cq values were considered up to 40 cycles, 
with a threshold set to 200. All reactions were performed 
separately, in triplicate. Positive (1 μL) and negative (1 μL 
of UltraPure™ Distilled Water) control wells were included 
in each run. Positive reactions were normalised using the 
Delta Delta Cq method (Livak and Schmittgen 2001). All 
processing and analyses were performed in a PC2 Laboratory. 
Bio-Rad CFX96 Real-time PCR system was used to complete 
qPCR reactions. 

Feline immunodeficiency virus and feline
leukaemia virus

SNAP Combo Plus FeLV Ag/FIV Ab enzyme-linked immunosor-
bent (ELISA) assays (IDEXX Laboratories, East Brisbane, 
Australia) utilising sera samples were used for detection of FIV 
and FeLV infection. Testing was performed as per manufacturer 
instructions. 

Gastrointestinal parasites

The small intestine was removed at necropsy and lavage was 
performed by opening the tract and washing its contents. Any 
parasites found through visual observation were collected and 
stored in 70% ethanol for identification. Faecal flotations and 
egg counts were performed using the modified McMaster 
technique (Zajac and Conboy 2012). Identification of 
gastrointestinal parasites was based on Taylor et al. (2007). 
Identification of hookworm species from strongyle eggs and 
species-level identification of oocysts were not possible, due 
to lack of morphological distinction (Zajac and Conboy 2012). 

Analyses

To explore the association between T. gondii and potential risk 
factors (sign of fighting, age, body condition, weight and 
presence of fleas), we conducted a General Additive Model 
(GAM) using mgcv package (Wood 2011). The same model 
was used to determine association between FIV and potential 
risk factors. For both models, the presence or absence of the 
pathogen was considered our response variable (binary). We 
excluded variables with insufficient data. For example, Body 
Condition Score did not have sufficient data for each level, so 
we used Weight (kg) instead. Because we had no female cats 
testing positive for T. gondii and only one pregnant cat tested 
positive for FIV, we excluded sex (from the T. gondii model 
only) and pregnancy variables from our analysis due to their 
lack of variability in the dataset. All models were optimised 
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using Restricted Maximum Likelihood (REML) An effect was 
considered significant when P-value was <0.05. All statistical 
analysis were performed using R. 

Prevalence and 95% confidence intervals (CI) were 
calculated for all pathogens. Prevalence was calculated by 
dividing the number of positive samples by the total 
number of samples tested, for each pathogen. 

Results

The sample population consisted of 100 cats (52 males and 48 
females), comprising one domestic medium-haired, 18 
domestic long-haired and 81 domestic short haired cats. 
The group included 34 juveniles (≤12 weeks of age by 
visual assessment), 60 adults and six elderly cats. Signs of 
fighting were noted on 19 individuals. Body condition score 
was normally distributed across underweight, ideal and 
overweight categories, with six cats noted as emaciated and 
none as obese. Body weight ranged from 0.37 kg to 6.17 kg, 
with an average of 2.73 kg. All cats were entire (not neutered). 
76 cats were found to have fleas and seven females (n = 48) 
were pregnant, at varying stages of gestation. 

Although 100 unowned cats were contributed for examina-
tion, not all samples could be collected for the various tests. A 
total of 100 sets of muscle samples were tested for T. gondii. 
While 97 cat  whole blood  sampleswere  available  for processing,  
81 samples were tested targeting the com1 gene  and 85 samples  
were tested targeting the IS1111a gene for the detection of 
C. burnetii. SNAP Combo Plus FeLV Ag/FIV Ab ELISA testing 
was performed on 100 cat sera samples. Gastrointestinal 
parasite determination was performed via lavage on 92 cats, 
and faecal flotation was undertaken on 91 cats. 

Pathogen carriage was found in 79% (95% CI 71, 87%) of 
unowned cats, and the presence of two or more pathogens was 
detected in 62% (95% CI 52, 72%) of the sampled population. 
Overall, males and females demonstrated similar carriage 
rates: 75% (95% CI 63, 87%) and 81.3% (95% CI 70, 93%), 
respectively. Occurrence of multiple pathogens was greater in 
females than in males: 72.9% (95% CI 60, 86%) and 51.9% 
(95% CI 38, 66%), respectively. Over two-thirds (70.6% (95% 
CI 54, 87%)) of the juvenile cats were positive for a pathogen, 
with 61.8% (95% CI 45, 79%) having more than one pathogen. 
Most adult cats (81.8% (95% CI 72, 91%)) were detected with 
pathogen carriage of some kind, and 62.1% (95% CI 50, 74%) 
were positive for more than one pathogen. 

The total prevalence of T. gondii was 7% (95% CI 2, 12%), 
whereas C. burnetii was 0.0%. FIV had a prevalence of 12% 
(95% CI 6, 18%), whereas FeLV returned 0.0%. Only male cats 
were found to be positive for T. gondii, and more male than 
female cats were also FIV positive (Table 1). The prevalence 
of gastrointestinal parasites was 76.8% (95% CI 68, 85%), 
with the highest carriage found for strongyle eggs at 57.1% 
(95% CI 47, 68%) (Table 2). 

Table 1. Number of positive samples and the prevalence of
Toxoplasma gondii and FIV by risk factor in unowned cats from
Brisbane City Council region.

Cat risk Sample Toxoplasma 95% CI FIV 95% CI
factors size gondii

Sex

Female 48 0 (0%) – 2 (4%) (0.51, 14.25)

Male 52 7 (13%) (5.59, 25.79) 10 (19%) (9.63, 32.53)

Sign of fighting

Absence 81 3 (4%) (0.77, 10.44) 6 (7%) (2.77, 15.43)

Presence 19 4 (21%) (6.05, 45.57) 6 (32%) (12.58, 56.55)

Age

Juvenile 34 1 (3%) (0.07, 15.33) 4 (12%) (3.3, 27.45)

Adult 60 4 (7%) (1.85, 16.2) 7 (12%) (1.85, 16.2)

Elderly 6 2 (33%) (4.33, 77.72) 1 (17%) (0.42, 64.12)

Body conditions score

Emaciated 6 1 (17%) (0.42, 64.12) 0 (0%) –

Underweight 19 1 (5%) (0.13, 26.03) 0 (0%) –

Ideal 56 5 (9%) (2.96, 19.62) 10 (18%) (8.91, 30.40)

Overweight 19 0 (0%) – 2 (11%) (1.30, 33.14)

Pregnancy

Pregnant 7 0 (0%) – 1 (14%) (0.36, 57.87)

Non- 93 7 (8%) (3.08, 14.90) 11 (12%) (6.05, 20.18)
pregnant

Presence of fleas

Presence 76 5 (7%) (46.34, 67.47) 9 (12%) (5.56, 21.29)

Absence 24 2 (8%) (1.03, 27.00) 3 (13%) (2.66, 32.36)

CI, confidence interval.

The General Additive Model showed that no risk factors 
were statistically significant; however, signs of fighting and 
FIV showed a strong association, with animals that had signs 
of fighting being 1.8 times more likely to be FIV positive 
(P-value = 0.094) (Table 3). For T. gondii, elderly animals 
seems to have a weak association with the pathogen 
(P-value = 0.19) (Table 4). 

Lymphadenitis was observed in 98.9% (95% CI 97, 100%) 
of cats for which mesenteric lymph nodes were examined. No 
indication of significant bacterial infection was found from 
preliminary bacteriological testing performed on a small 
subset of enlarged lymph nodes. Visual examination of dietary 
composition from stomachs throughout necropsy revealed 
that the broad majority of cats examined demonstrated 
recent consumption of commercial cat food, and/or human-
sourced food scraps, (e.g. chicken, bread) or were empty, 
and were thus not examined further. 

Discussion

This study established contemporary prevalence data for 
pathogens of importance to public and companion animal 
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Table 2. The prevalence of gastrointestinal parasites detected by
intestinal lavage (n = 92) or faecal float (n = 91) in unowned cats
from the Brisbane City Council region.

Pathogen Sample size (n) Prevalence % (95% CI)

Hookworm spp 92 10.9 (4, 17)

Cystoisospora rivolta 92 37.4 (27, 47)

Dipylidium caninum 92 17.4 (9, 25)

Spirometra erinacei 92 19.6 (11, 28)

Cystoisospora felis 91 22.0 (13, 31)

Toxocara cati 91 19.8 (11, 28)

Toxoplasma oocyst 91 26.4 (17, 36)

Strongyle egg 91 57.1 (47, 68)

CI, confidence interval.

Table 3. Generalised Additive Model for the association of FIV with
risk factors.

Variables Estimate s.e. P-value

Sex (ref female)

Male 1.214 0.890 0.173

Sign of fighting (ref absence)

Presence of fight 1.878 1.122 0.094

Age (ref juvenile)

Adult −0.861 1.512 0.569

Elderly 0.269 0.776 0.728

Weight (kg) −0.006 0.507 0.990

Fleas (ref presence)

Absence of flea −0.136 0.783 0.862

Table 4. Generalised Additive Model for the association of
Toxoplasma gondii with risk factors.

Variables Estimate s.e. P-value

Sign of fighting (ref absence)

Presence of fight 0.608 1.248 0.626

Age (ref juvenile)

Adult −0.331 1.679 0.844

Elderly 1.168 0.906 0.197

Weight (kg) 0.760 0.600 0.205

Fleas (ref presence)

Absence of flea 0.065 0.994 0.948

health in unowned cats of south-east Queensland (SEQ). 
Unowned cats were infected with T. gondii (7%), FIV (12%) 
and gastrointestinal parasites (77%). Over two-thirds of 
cats sampled were co-infected with two or more pathogens, 
but there was no detection of C. burnetii or FeLV. These 
data suggest that both feline-specific and zoonotic pathogens 
are present in the unowned cat population of SEQ, which 

could potentially compromise the health of community 
members and their pets. 

The prevalence of the four main pathogens (T. gondii, 
C. burnetii, FIV and FeLV) examined in this study vary on a 
local and global scale. The presence of T. gondii infection in 
cats is highly variable across regions of Australia but, in 
general, it is relatively common. It has been estimated that 
an average of 41% of feral cats sampled nationwide have 
been infected with the pathogen (Dickson 2018). Island 
populations of feral cats have been demonstrated to have 
very high seroprevalence (Fancourt and Jackson 2014); for 
example, up to 96% on Christmas Island (Adams et al. 
2008). Similarly high rates are reported globally, with an 
estimated average seroprevalence of 59% in wild felids 
(Montazeri et al. 2020). The lower prevalence of T. gondii 
reported in SEQ from this study (7%) is positive and could 
possibly reflect a high turnover of feral cats (short life 
expectancy) or the benefits of a long-term management 
program. Alternatively, the time of year samples were collected 
for this project (mostly summer) may have influenced 
detection – low mean annual temperatures are most favourable 
for T. gondii (Dickson 2018), and cats trapped in winter can 
have a higher probability of infection (Adriaanse et al. 
2020). However, sampling and diagnostic inconsistencies 
among studies makes direct comparisons difficult. There are 
little data available on the presence of FIV in feral cats in 
Australia, but previous studies have reported a prevalence of 
21% and 25% in two separate populations (Norris et al. 2007). 
Like other pathogens, prevalence fluctuates depending on 
region, with reports varying between 2 and 44% (Sprißler 
et al. 2022). Previously published research on urban owned 
cat populations reported the prevalence of FIV to be similar 
to that detected in this study (Malik et al. 1997; Chang-
Fung-Martel et al. 2013). The absence of detecting FeLV in 
this study is reflective of the lower infection rates usually 
reported in comparison with FIV (Friend et al. 1990; Malik 
et al. 1997; Westman et al. 2019). A survey including a 
larger cross-section of the SEQ unowned cat population may 
improve the ability to detect or estimate prevalence for FeLV. 
Investigations into cats as a carrier of C. burnetii is relatively 
novel. International studies are yet to detect the presence of 
this pathogen in feral cat populations (Cyr et al. 2021; Neves 
2021), but research conducted in Australia has detected 
domestic cats to be seropositive for C. burnetii (Ma et al. 
2020), and approximately 39% of feral cats tested were also 
found to be seropositive (Cooper et al. 2012). In addition to 
this, outbreaks of Q-fever in humans have been linked to 
infected parturient cats (Kopecny et al. 2013; Malo et al. 2018). 
Although prevalence results from this current study may seem 
low, it is important to consider that estimates only provide a 
snapshot of the burden of a particular pathogen, within a 
population, at a specific point in time (Hanage 2016). 

Gastrointestinal helminth infection is common in cats, 
and several are of zoonotic concern (Hill et al. 2000; 
Traversa 2012). The nematode Toxoxcara cati, for example, 
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widely considered as important to cat and human health, has 
a variable global incidence, with studies finding prevalence 
rates ranging from 8.2% to 58.4% (Rostami et al. 2020). 
Compared with results of a comprehensive national survey 
on the prevalence of gastrointestinal parasitism in cats 
(Palmer et al. 2008), parasitism in unowned cats from this 
current study is greater than for refuge cats. This was the case 
for cestodes (Dipylidium caninum and Spirometra erinacei), 
hookworm (Ancylostoma spp.) and roundworm (T. cati) 
species. Overall, helminth carriage in unowned cats from 
this study was high (87.7%), but previously reported data 
on individual helminthic carriage in unowned cats of 
Brisbane were comparable (Wilson-Hanson and Prescott 1982). 
It is possible that Queensland's climate contributes to 
heightened helminth prevalence. Hookworm, for example, 
prefers moistened, warmer soils within which to support 
survival of larvae (Gibbs 1982). A greater prevalence seen 
in unowned cats compared with refuge (owned domestic) 
cats may be due to the increased likelihood of exposure to 
infected faeces and environments resultant from overlapping 
home ranges and general aggregative activities of unowned 
cats (Gordon et al. 2016). In addition, the lack of 
anthelmintic treatment in unowned cats encourages increased 
prevalence of gastrointestinal parasites (Traversa 2012), 
including the absence of preventative treatment for 
ectoparasites, which heightens the risk of tapeworm infection 
(from fleas) and promotes continued parasite cycling 
(Beugnet et al. 2018). Unowned cats, exposed to an assortment 
of compromising factors are, without the measures afforded 
to typical domestic (owned) cats, at considerable risk of 
gastrointestinal parasitism. 

The highest densities of unowned cats have been suggested 
as occurring within urban environments (Gilot-Fromont et al. 
2012). The provision of supplementary food resources by 
residents encourages aggregation of unowned cats and 
supports increased population densities (McDonald and 
Skillings 2021). This, in turn, heightens potential burdens of 
environmental contamination, increases home-range sharing 
of unowned cats and can impact the overall risks of pathogen 
transmission to humans and animals (Hwang et al. 2018). 
Further, although the degree of direct risk posed to the 
health of resident feeders through handling and provision 
of raw meat to unowned cats has yet to be investigated, 
studies on owned domestic cats suggest this is a cause for 
concern (Brennan et al. 2020). Multiple individual level risk 
factors can be connected to the roaming of unowned cats, 
with risks of pathogen transmission exacerbated by various 
environmental factors. It has been predicted, for example, 
that the highest prevalence of T. gondii in unowned cats will 
be present across south-eastern coastal regions of Australia, 
where mean annual temperatures are low (Dickson 2018), 
coinciding with some of the most densely human-populated 
and highly urbanised cities. Widespread contamination of 
urban environments – through dissemination of oocysts/eggs 
shed by roaming unowned cats – compromises human, 

companion animal and wildlife health (Benenson et al. 1982; 
Eymann et al. 2006; Dubey et al. 2020). 

The General Additive Model shows that the presence of 
signs of fighting was associated with carriage of FIV. The 
principal route of FIV transmission is conspecific biting, 
which generally accompanies territorial behaviours such as 
fighting (Courchamp et al. 2000; Norris et al. 2007). The 
ability to roam (and consequential likelihood of fighting) 
has been previously associated with increased risk of FIV 
infection (Malik et al. 1997; Tran et al. 2019). However, sex 
was not identified as risk factor for the carriage of T. gondii. 
This is likely due to the low sample size and the lack of female 
cats carrying T. gondii, which would also explain the high 
standard error. Reports of association between T. gondii 
infection and gender have been variable (Jakob-Hoff and 
Dunsmore 1983; Sumner and Ackland 1999; Brennan et al. 
2020). General biological and behavioural characteristics 
of male cats may see them more prone to infection than 
females. It has been suggested that T. gondii transmission 
may be more frequent in male cats due to their larger 
bodyweight necessitating increased food requirements and 
subsequently heightened predative activities (Gilot-Fromont 
et al. 2012). The prevalence of T. gondii in intermediate 
hosts, such as rodents and lagomorphs, is positively correlated 
with increasing body mass (Afonso et al. 2007), and larger cats 
(males) tend to predate on larger prey (Kutt 2012). The 
lifestyle of unowned cats, especially their proclivity to roam 
and utilise shared habitats and resources (Kim et al. 2018), 
may provide reasoning for the significance of these risks, but 
further research will be needed to quantify the significance of 
these factors relative to unowned cats in general, rather than 
within this study population alone. 

Zoonoses are of significant concern to humans, though the 
impacts of zoonotic pathogens are not limited to people alone 
(Loss and Marra 2017). Pathogen spillover from domestic to 
wild-type animal counterparts, wildlife and livestock is also 
not uncommon (Kellner et al. 2018; Chalkowski et al. 
2019). Likewise, exposure risks to owned domestic cats 
should not be overlooked (Loss and Marra 2017; Chalkowski 
et al. 2019). Disease places considerable burden on the 
economy. The economic impact of only three zoonotic diseases 
found in Australian cats (cat scratch disease, sarcocystosis and 
toxoplasmosis) was estimated to be over AU$6.7 billion annually 
(Legge et al. 2020b). Disease transmission is facilitated via the 
roaming and fighting of cats, compromising both community 
and animal health (Malik et al. 1997; Gerhold and Jessup 
2013). Our study provides important data that support the 
potential risks to human and companion animal health 
from unowned cats. 

There were some limitations to the methods in this study. 
Notably, investigations of C. burnetii prevalence would 
benefit from a longer timeframe for analysis to optimise 
qPCR diagnostic protocols. Additionally, FeLV testing may 
benefit from a more diversified diagnostic strategy – for 
example, utilisation of a combination of diagnostic 
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techniques. Both need to be considered when interpreting the 
results but were unlikely to significantly influence the 
prevalence recorded. The prevalence of pathogens may be 
influenced by a variety of factors associated with geographic 
location (e.g. climate, season, local prey densities, population 
density, demographics). Detailed analysis of location data, to 
evaluate spatial significance or association with pathogen 
carriage prevalence, is recommended for future studies. 
Longitudinal collection of data to examine the potential of 
temporal and seasonal trends would provide enhanced 
understanding of infection prevalence and risk factors. The 
ability to directly compare populations of cats across Australian 
urban environments, i.e. unowned versus domestically owned 
cats, remains as a gap in knowledge that should be addressed in 
future studies. The examination of risk factor and behavioural/ 
quantitative research on human interactions with urban 
unowned cats, specifically resident ‘feeders’, would benefit 
investigations into public health risks and impacts. Finally, 
ongoing monitoring of pathogen prevalence within unowned 
cat populations is important to retain an overall under-
standing of potential risks to public health over time, and to 
monitor the impacts of any ongoing mitigation measures. 

The results from this study provide contemporary 
prevalence data as a baseline for evaluating the effects of 
future interventions on pathogen prevalence. Information 
from this study can be used to support and evaluate cat 
management programs. Data providing insight into the 
prevalence of diseases carried by unowned cats should be 
strategically utilised to enhance regional control and compliance 
efforts. The ubiquitous nature of cats and disease throughout 
the world emphasises the aims and objectives of this current 
study as globally relevant. Understanding disease dynamics, 
including prevalence and transmission risks, is arguably one 
of the most important social health considerations of 
contemporary society. The knowledge of the prevalence of 
priority pathogens and parasites remains an important basis 
to improve epidemiological understanding and a key to 
continued improvement of risk mitigation strategies, both 
locally and on a global scale. 
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