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Highlights

First report of anti-T. gondii antibodies in free-roaming cats in university campus;
Free-roaming and older cats may be more susceptible to T. gondii infection;
Risk of seropositive T. gondii free-roaming cats overlapping human/livestock areas.

Abstract

The present study aimed to assess anti-T. gondii antibodies in sheltered and free-roaming cats within a
university campus that has an overlapping population of humans and livestock. A total of 51 cats were
tested for anti-T. gondii antibodies using the indirect immunofluorescent antibody test. Overall, 8/51 cats
(15.7%) were seropositive. Cats were more likely to be seropositive when free-roaming (p= 0.008) and with
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presence of skin lesions (p= 0.042), and less likely with < 1 year of age (p= 0.021), probably due to higher
environmental exposure and infected prey consumption. The presence of seropositive free-roaming cats
whose areas overlapped those occupied by humans and livestock may suggest an increased on-campus
chance of T. gondii occurrence.

Key words: Feral cats. Toxoplasmosis. Associated factors.

Resumo

O presente estudo teve por objetivo acessar anticorpos anti- Toxoplasma gondii em gatos de abrigo e gatos
de vida livre dentro de um campus universitario que tem uma populagdo sobreposta de seres humanos e
animais de producdo. Um total de 51 gatos foram testados para anticorpos anti- T. gondii usando o teste
de imunofluorescéncia indireta. No geral, 8/51 (15.7%) gatos foram soropositivos. Os gatos foram mais
propensos a ser soropositivos quando em vida livre (p = 0,008) e com lesdes de pele (p = 0.042), e menos
provaveis com menos de 1 ano de idade (p = 0,021), provavelmente devido a maior exposicao ambiental
e consumo de presas infectadas. A presenca de gatos errantes soropositivos cujas areas se sobrepdem
aquelas ocupadas por seres humanos e animais pode sugerir um risco aumentado de ocorréncia de T.

gondiino campus.

Palavras-chave: Gatos ferais. Toxoplasmose. Fatores associados.

Introduction

Toxoplasmosis, caused by the
protozoon Toxoplasma gondii, is a widespread
zoonotic disease that can infect all warm-
blooded animals worldwide (Dubey, 2010;
Hill & Dubey, 2016). Felids, including the
domestic cat, are the only definitive hosts.
They shed millions of oocysts through their
feces, following primary infection (Hill & Dubey,
2016). Intermediate T. gondii hosts, including
humans, can be infected through ingestion
of environmental oocysts, consumption
of undercooked and raw meat containing
bradyzoites or transplacental transmission
of tachyzoites and by milk (Dubey, 2010;
Hill & Dubey, 2016). The occurrence of
anti-T. gondii antibodies in cats has been
extensively reported worldwide. In Brazil,
seropositivity reported was 4/107 (3.74%)
in feral cats in an environmentally preserved
and low demographic density residential area

1686

(Bolais et al., 2017). Another study reported
seropositivity among 18% (31/172) stray cats
from set of condominiums and 24,5% (64/261)
cats from municipal shelter of Rio de Janeiro
city, southern Brazil (Pereira et al., 2018). In a
previous study, anti- T. gondii antibodies have
been detected in 84/237 (35.4%) of stray cats
from 15 counties of Sdo Paulo State, Brazil,
southern Brazil (Pena, Soares, Amaku, Dubey, &
Gennari, 2006). As previously shown in a meta-
analysis review, seroprevalence of 35.9% for
toxoplasmosis in cats has been observed in
Brazil, and higher in north-northeast-central
region (50.5%) when compared to south-
southeast region (29.9%) (Lugoch, Noro, &
Andrade, 2019). In addition, pet and feral cats
from a touristic oceanic island have shown
71.26% (248/348) seropositivity of T. gondii
(Magalhaes et al., 2017).

A previous study suggested that
unowned cats on the University of Sao Paulo
campus could be environmental sentinels
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for human exposure to Rickettsia spp., the
causative agent of Brazilian spotted fever
(BSF) (Mendes et al, 2019). Despite the
urban location of this University of Sdo Paulo
campus, it is composed of extensive green
areas and hosts experimental farms on which
projects involving all the major animal species
of Brazilian economic interest, such as dairy
and beef cattle, pigs, sheep, goats, horses and
poultry, are conducted (Escola Superior de
Agricultura "Luiz de Queiroz" [ESALQ], 2019).
The campus is also occupied by around 250
free-roaming cats (Mendes et al., 2019).

Given that human and livestock
populations that live together with high
populations of cats are likely to be more
chance to T. gondii infection (Stelzer et
al, 2019), a serosurvey was conducted to
evaluate the characteristics of Toxoplasma
gondii exposure among free-roaming and
sheltered on-campus cats.

Materials and Methods

The study was conducted at the “Luiz
de Queiroz" School of Agriculture of the
University of Sao Paulo (Esalg USP), in the
municipality of Piracicaba, state of Sdo Paulo,
from July to October 2017. The on-campus
human population at the time of survey was
around 4,500 people including faculties,
students, infrastructure and maintenance
personal. The animal population within
campus at the time was estimated in 250 free-
roaming cats overlapping all livestock areas
which housed around 750 cattle, 300 sheep,
150 swine, 200 chicken, and 500 fish for
experimental purposes. These cats survived
by hunting birds and rodents, and were also
offered cat food, according to the campus
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administration. Free-roaming cats and feral
cats have a similar habit, regarding the lack
of socialization in early stages showing an
evasive behavior (Bradshaw, Horsfield, Allen
& Robinson, 1999). In addition, cats living in
a temporary on-campus animal shelter were
sampled.

To obtain samples from the free-
roaming population, traps were distributed in
several on-campus locations during a four-
month trapping period. After trapping and/or
physical restraint, blood samples from 35/51
shelter cats (68.6%) and 16/250 free-roaming
cats (6.4%) were successfully collected by
means of jugular puncture, as previously
described (Mendes et al., 2019).

The serum samples were tested for
anti-T. gondii antibodies using the indirect
immunofluorescent antibody test (IFAT), using
titer 16 as a cutoff (Costa et al., 2012; Dabritz
et al.,, 2007) and con-sidering the reaction to
be positive if = 50% fluorescent tachyzoites
with conjugate anti-feline an-tibodies were
observed (Camargo, 1974). The present study
was approved by the Ethics Committee for
Animal Use of the Agricultural Sciences Sector
of the Federal University of Parana (Protocol #
103/2017).

The identification sheet for each
animal included sex, age (grouped in up to
one year and two or more), fleas presence,
ticks presence, lesions presence, clinical
signs presence and location (shelter or free-
roaming).

Bivariate analysis on location, age,
sex, presence of fleas and ticks, skin lesions
and clinical signs of T. gondii was performed
using prevalence ratios, 95% confidence
intervals and chi-square tests. Although this
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is not a study of prevalence, this association
measure was used to describe the association
level between factors and occurrence of
antibodies anti-Toxoplasma gondii. A multiple
logistic regression model was performed with
significant variables and interactions between
them were tested. Descriptive statistics
were provided through frequencies and 95%
confidence intervals for seropositivity of T.
gondii. All tests were considered significant
when p < 0.05. The analyses were done using
the SPSS 21.0 software.

Results and Discussion

Overall, atotal of 51 cats were sampled.
This sample corresponds to around 20.4%
(51/250) of population estimated. A total of
8/51 sampled cats (15.7%; 7.8-26.7%) were
seropositive for T. gondii, including 6/16 free-
roaming cats (37.5%) and 2/35 sheltered cats
(5.7%).
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Seropositivity for T. gondii was
statistically higher among the free-roaming
cats (6/16; 37.5%) than among the shelter cats
(2/35; 5.7%) (p = 0.008); higher among adults,
i.e. two years of age or over (6/21; 28.6%)
than among kittens (1/27; 3.7%) (p = 0.021);
and higher among cats with skin lesions (3/6;
50.0%) than among cats without skin lesions
(5/45; 11.1%) (p = 0.042). The other potential
associated factors for T. gondii in cats were
not statistically significant: sex (p = 0.626),
presence of fleas (p = 0.234), presence of
ticks (p = 0.407) or unhealthy clinical signs
(p = 0.367) (Table 1). Interactions between
age and local was evaluated and between
free-roaming, 25.0% (4/16) are young, 65.7%
(23/35) are young between sheltered (p=0.03).
The significant variables (local, age and
lesions) were evaluated in a multiple logistic
model and no significant multiple associations
were verified.
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Table 1

Associated factors for T. gondii and prevalence ratios (PR) among free-roaming and sheltered cats

within university campus

T. gondii

Total

Yes/Total (%)

Positive

Yes/Total (%)

PR (95% ClI)
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p-value*

Bivariated analysis

Shelter 35/51 (68.6)
Cat group .
Free-roaming 16/51 (31.4)
Ade Two or more years 21/51 (41.2)
. Up to one year 27/51 (52.9)
Male 25/51 (49.0)
Sex
Female 26/51 (51.0)
No 45/51 (88.2)
Fleas
Yes 6/51(11.8)
: No 48/51 (94.2)
Ticks
Yes 3/51 (5.8)
. No 45/51 (88.2)
Lesions
Yes 6/51(11.8)
Clinical No 43/51 (84.3)
signs Yes 8/51(15.7)

Multiple analysis

Adjusted PR

Cat group free-roaming 6.87
Age up to one year 1.02
With Lesions 0.15

To the authors' knowledge, the present
study is the first report of T. gondii occurrence
in a high-density population of free-roaming
and sheltered cats on-campus, which overlaps
with humans and livestock. The occurrence of
T. gondii antibodies among the free-roaming
cats of the present study (6/16; 37.5%) was
higher than what was found among feral cats
in southeastern Brazil (4/107; 3.74%) (Bolais
et al., 2017), but was lower than among semi-
domiciliated and feral cats on an oceanic
island in northeastern Brazil (71.26%; 248/348)
(Magalhaes et al., 2017). The occurrence of

2/35(5.7) (ref)

6/16 (37.5) 6.65 (1.48-29.03) 0.008
6/21 (28.6) (ref)

1/27 (3.7) 0.13 (0.02-0.99) 0.021
4/25 (16.0) (ref.)
4/26 (15.4) 0.96 (0.21-4.32) 0.626
6/45 (13.3) (ref)

2/6 (33.3) 2.50 (0.64-9.69) 0.234
7/48 (14.6) (ref.)

1/3 (33.3) 2.28 (0.40-13.03) 0.407
5/45(11.1) (ref.)

3/6 (50.0) 4.50(1.42-14.22) 0.042
6/43 (14.0) (ref.)

2/8 (25.0) 1.79 (0.44-7.35) 0.367

Cl95% p-value

0.66 - 69.78 0.106
0.08-13.34 0.989
0.01-1.77 0.132

T. gondii antibodies among the sheltered
cats of the present study (2/35; 5.7%) was
lower than what was found among captive
cats in a municipal shelter in southeastern
Brazil (64/261; 24.5%) (Pereira et al., 2018),
but was higher than among sheltered cats in
urban areas of Tokyo, Japan (3/119; 2.5%) (Oi,
Yoshikawa, Maruyama, & Nogami, 2015).

The lower frequency observed in the
group of sheltered cats than among the free-
roaming cats in the present study (p = 0.008)
may have occurred due to the limited exposure
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of the sheltered cats to infected food sources.
Although the high concentration of sheltered
cats may favor contact between potentially
contaminated feces and soil (Albuquerque
et al, 2011), free-roaming cats' habits of
hunting and consumption of infected birds
and rodents may result in increased exposure
to environmental infection (Magalhaes et al.,
2017). Moreover, higher prevalence of oocyst
shedding has been reported in free-roaming
cats when compared to household pets
(VanWormer, Fritz, Shapiro, Mazet, & Conrad,
2013). Also, previous study has shown that
unburied feces habit in free-roaming cat
colonies, that may favor widespread T. gondii
oocyst through-out the environment (Ruiz &
Frenkel, 1980).

In addition, free-roaming cats that
present with skin lesions were more likely to
be seropositive than were those without skin
lesions (p = 0.042). Occurrence of skin lesions
has previously been correlated with roaming
and fighting habits, thereby increasing the
chance of contact and/or spread of T. gondii
oocysts (Hughes & Slater, 2002).

The combination of hunting and
ingestion of contaminated prey by the free-
roaming on-campus cats, combined with
highly contaminated soil and an isolated area
may perpetuate the protozoan cycle and, thus,
increase the chance of T. gondii transmission
to humans and livestock. This combination
was previously observed as an "island effect”
amongferal cats living atawell-known Brazilian
touristic destination, the island Fernando de
Noronha (Magalhdes etal., 2017). As expected,
cats older than one year of age in the present
study were more likely to be seropositive for
T. gondii than were younger cats, considering
that it has previously been reported that older
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cats showed higher chances of exposure
due to longer exposure (Must, Hyténen, Orro,
Lohi, & Jokelainen, 2017). In addition, oocyst
shedding has been reported in adult cats
under natural infection, with significant role of
T. gondii transmission cycles (Berger-Schoch
etal, 2011).

Given that the present study showed
relatively high seropositivity among free-
roaming cats (37.5%), the on-campus
populations of both humans and livestock
may be more chance to T. gondii infection and
should be further investigated. Although not
estimatedinthe present study,ithad previously
been shown that the average home range
among free-roaming cats is 1.2 km, between
successive home ranges (Edwards, De Preu,
Shakeshaft, Crealy, Paltridge, 2001). This may
have an impact on human toxoplasmosis
outbreaks, given that T. gondii oocysts shed
by cats are present in the soil in these farm
areas (Coutinho, Lobo, & Dutra, 1982; Shenep,
Barenkamp, Brammeier, & Gardner, 1984).

Livestock animals may be more
chance to toxoplasmosis outbreaks, since
presence of cats has been correlated with T.
gondii infection on livestock farms. There is a
high chance that these cats will shed T. gondii
oocysts and contaminate farmland, water and
livestock food (Stelzer et al., 2019). Moreover,
the chance of T. gondii infection in cattle
may also increase twofold in the presence
of more than three cats (p = 0.0138) living on
the farm (Albuquerque et al., 2011). Thus, in
the present study, the on-campus presence
of T. gondii-seropositive free-roaming cats
in areas overlapping with those of humans
and livestock animals may have significantly
favored T. gondii occurrences in all these
populations.
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A limitation of this study is the lack of
representative sampling due to free-roaming
cats. Despite all cats captured during the
available time were included in the study,
mostly cats were afraid of human contact and
trapping yield was unpredictable. As previous
studies have shown sample sizes ranging from
2% to 80% of sampled cats, the study herein
should be around 27 to 124 cats (simple
random sampling with 95% of confidence and
5% of precision). Thus, results may be used
as a first and initial evaluation of anti-T. gondii
antibody occurrence, and further studies may
be required to be fully establish the overall
prevalence in such cat population.

Conclusions

In conclusion, the present study
provides the first report on anti-T. gondii
antibodies occurrence among free-roaming
and sheltered cats whose area overlapped
with areas occupied by populations of
humans and livestock on a university campus.
Free-roaming cats, cats with presence of
skin lesions and cats older than one year of
age may be more susceptible to T. gondii
infections, probably due to higher chances
of environmental exposure, particularly
associated with consumption of infected
prey. Lastly, the presence of seropositive
free-roaming cats whose areas overlapped
those occupied by humans and livestock
may suggest that there was an increased on-
campus chance of T. gondii occurrence.
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