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Seroprevalence studies on cats are essential for monitoring the occurrence of Toxoplasma gondii infection. The
present research investigated anti-T. gondii antibodies, risk factors, clinical signs, hematology and serum
biochemistry in cats from different regions of Rio de Janeiro. An overall 18.7% (17/91) of the cats were
seroreactive, and age was associated with increased chances of seroprevalence of anti-T. gondii antibodies.
Clinical signs, hematology and serum biochemistry parameters did not help achieve an antemortem diagnosis of

cat toxoplasmosis. The parasite circulates in cats from three major regions of Rio de Janeiro, and the present data
set will contribute to future epidemiological studies in this endemic state of Brazil.

1. Introduction

Toxoplasmosis is an important disease that affects humans and
warm-blooded animals, and anti-Toxoplasma gondii antibodies have
been found in the sera of animals from all continents (Chemoh et al.,
2018; Gonzales et al., 2022; Khalife and El Safadi, 2023). Infection oc-
curs after ingestion of food or water contaminated with oocysts shed in
the environment within the feces of infected felids, the definitive hosts
(Dubey et al., 1970), or through consumption of undercooked tissues of
infected animals containing cysts, called intermediate hosts. During the
oocyst shedding period of two weeks, cats can release about 20 million
oocysts (Dubey, 1995), which undergo sporulation in the environment
and become infective in favorable environmental conditions for 48 to
72 h (Dubey et al., 2011). It is widely reported that cats only shed oo-
cysts after initial infection with T. gondii, but experimental studies have
shown that repeat oocyst shedding can occur (Zhu et al., 2022).

Toxoplasmosis is a worldwide-distributed infection caused by
Toxoplasma gondii, which causes a wide range of clinical syndromes in
humans, mammals and birds (Sander et al., 2018). The infection is often
subclinical in cats or manifests only as non-specific signs (Dubey, 2022;
Pereira et al., 2018). The increased number of cats in Brazilian homes
leads to closer contact with humans, favoring the transmission of
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zoonotic diseases (Arruda et al., 2021).

Monitoring the serological status of specific antibodies is essential for
further epidemiological inference of feline toxoplasmosis. Although cats
can develop an excellent immunological response and reduce the
chances of oocyst re-shedding, it is not uncommon during their lifetime
(Dubey et al., 2020). In addition to the even higher urgency to study the
association of cat ownership, its intrinsic socioeconomic association and
the frequency of T. gondii to antibodies (Arruda et al., 2021), the present
study investigated the seroprevalence of IgG anti-T. gondii antibodies,
clinical signs, hematological and serum biochemical parameters and risk
factors in cats from Rio de Janeiro.

2. Material and methods
2.1. Sampling and clinical examination

The study was performed conveniently, following the routine vet-
erinary appointments of the Feline Department of the Veterinary Hos-
pital of Universidade Federal Rural do Rio de Janeiro, UFRuralRJ,
Brazil. The 91 domestic cats included in this research were those of
which tutors agreed to participate during the second semester of 2018
and the first semester of 2019.
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Blood samples were collected from all animals following a physical
examination performed as recommended by Feitosa (2008), measuring
general physical parameters such as weight, body temperature, skin and
coat condition and appearance, body condition score, color of the mu-
cosas, degree of hydration, palpation of lymph nodes, capillary refill
time, auscultation and heart rate, respiratory rate and palpation of
abdominal organs. A 4 mL whole blood sample was collected through
venipuncture and distributed into two tubes of 2 mL: one with Ethylene
diamine tetraacetic acid (EDTA) for hematological analysis and another
without anticoagulant to separate the serum for serological testing and
biochemical analysis.

2.2. Hematological and biochemical analysis

Specific leukometry and cell morphology were measured using an
optical microscope (Nikon® Eclipse E200) and the Poch100/Sysmex®
cell counter. Enzyme activities were measured using the automatic
analyzer A15/Biosystem® for alanine aminotransferase (ALT), alkaline
phosphatase (ALP), albumin, urea and creatinine parameters.

2.3. Questionnaires

History of the animals and questions applied to tutors included fac-
tors considered of possible risk for animals’ infections, including age,
sex, breed, number of animals per residence, access to the outdoors, diet,
place of excretion, meat intake, frequency of litter box or yard cleaning,
hunting habits and location (North, West and Baixada Fluminense).

2.4. Modified agglutination test (MAT)

Serologic testing of cats was performed by the MAT, according to
Dubey and Desmonts (1987). In short, sera were diluted in phosphate-
buffered saline (PBS) pH 7.2 and those with agglutinating activity at a
dilution of 1:25 were considered positive. Two-fold additional dilutions
were tested for titration of positive sera until 1:3200 (Silva et al., 2001).

The antigen was constituted by formalin-fixed T. gondii tachyzoites of
the RH strain, and the test was performed in U-shaped 96-well plates,
where 25 pL of the antigen solution was mixed with 25 pL of the pre-
viously diluted sera. Positive and negative controls were included, and
plates were incubated at 37 °C for 12 h. Results were based on the
sedimentation profile of the tachyzoite suspension, where the formation
of a blue button means negative and a clear bottom means positive.

2.5. Statistical analysis

Different statistical tests were used to assess the diversity of factors
with MAT results. The Chi-Square Test (Xz) was used to verify the as-
sociation of seroprevalence and anti-T. gondii antibodies and potential
risk factors, the Student’s t-test to verify association with complete blood
count and serum biochemistry. Fisher’s exact and G-test were used to
assess the statistical association with clinical signs. The BioEstat statis-
tical program (Ayres et al., 2007) and a significance level of 5% were
used in the analyses.

3. Results and discussion

The overall seroprevalence for the presence of anti-T. gondii anti-
bodies in cats of these three major mesoregions of Rio de Janeiro was
18.7% (17 of 91). Similar MAT results for antibodies anti-T. gondii was
found by Bolais et al. (2017) in Rio de Janeiro and Gonzales et al. (2022)
in Lima, Peru. Out of 17 seropositive animals of our study, titers varied
from 25 to 3200, and most of the animals presented with titers equal to
or higher than 100, which might be associated with persistent infection
in cats from this endemic area of Brazil (Dubey and Thulliez, 1989).
Titers of the 17 seropositive animals are distributed as follows: five
animals had a titer of 25 (29.4%), three of 50 (17.6%), two animals with
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a titer of 100 (11.8%), three of 200 (17.6%), one of 400 (5.9%) and three
with a titer of 3200 (17.6%). We did not take a further blood sample of
these cats, but T. gondii-specific IgG levels stayed high for years.

The factors investigated in this research are detailed in Table 1. Out
of 10 analyzed possible risk factors, age was the only significant
parameter for this cat population (p < 0.05). Thus, cats older than ten
years have a higher probability of infection, which is consistent with
prolonged contact with the highly contaminated environment of Rio de
Janeiro state (Da Silva et al., 2003). Bolais et al. (2017), studying cats
from a public cat shelter and a private residential area in the seaside
district of Rio de Janeiro, under the same serotest, found a low frequency
of positive animals among those aged 24 months or less, what is
consistent with our rationale. All other factors assessed in the present
study were not statistically significant. The chances of acquiring the
infection and the time of environmental exposure to the parasite are also
important regarding human toxoplasmosis (Rezende et al., 2019).

Stray cats might be the sentinels for such studies in urban areas once
exposed to similar risks of Toxoplasma infection to humans. Toxoplasma
gondii spreading in a metropolitan area was evaluated by seroprevalence
in free-living cats and dogs (Meireles et al., 2004). The serum testing in
the present study could be interpreted as an immune response or
infection, considering the definite host epidemiological role of cat spe-
cies but remembering the critical role of the cat as an intermediate host
in the cycle.

Hunting habits are common among felids, including domestic cats,
which might represent significant potential as a risk factor for infection
by T. gondii (Dubey, 2022). In our study, many cats were not stray but
had access to the outdoors. Semi-domiciled cats have access to indus-
trialized food offered by their owners, which reduces natural habits such
as hunting for feeding purposes, thus decreasing the chances of infection

Table 1
Chi-square test for factors associated to the occurrence of anti- Toxoplasma gondii
antibodies in domestic cats in Rio de Janeiro, Brazil.

Factors Positive** Negative** % P-value
Age

<10 years 11 62 15.1 .
>10 years 6 7 46.2 0.010
Sex

Male 11 34 24.4

Female 5 36 12.2 0145 ns
Residence type

House 15 58 20.5

Apartment 2 10 16.7 0.755 ns
Outdoors access

Yes 5 31 13.9

No 7 20 25.9 0.229 ns
Region

North 0 5 0.0

West 2 15 11.8 0.551 ns
Baixada Fluminense 13 65 16.7

Hunting habit

Yes 7 32 17.9

No 6 26 18.8 0-931 ns
Meat intake

Yes 8 23 25.6 0.767 ns
No 7 24 22.6

Cats per residence

One 4 20 16.7 0.677 ns
>1 13 50 20.6

Defecation site

Outside the residence 9 28 24.3

Litter box 8 49 14.0 0-205 ns
Cleaning the cat litter box (times a week)

<1x per week 7 27 20.6

3x per week 7 32 17.9 0.775 ns

ns not significative (P > 0.05).

* significative (P < 0.05).

™ The sampling categories differed due to incomplete epidemiological forms
response.
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by T. gondii. However, the risk of infection remains since contact with an
environment contaminated by oocysts is also a source of infection to
which stray and semi-domiciled cats are exposed (Pinto et al., 2009),
besides the increased chances of hunting intermediate hosts like birds
and rodents.

Males and females had the same chances of infection by T. gondii,
similar to the results found by Bolais et al. (2017). Living in a house or
apartment did not affect the infection of the cats by T. gondii. Cats bred
inside apartments are generally less likely to be exposed to synanthropic
animals and possible intermediate parasite hosts. Dubey et al. (2020)
stated that the prevalence of T. gondii infection will vary according to the
animal and population lifestyle, as it occurs in cats that hunt their food,
such as feral and stray cats.

Hunting and eating meat were surprisingly not considered risk fac-
tors, which conflicts with information gathered by Dubey (2022), in
which Thai cats, for instance, had lower seropositivity rates due to the
eating habits of the predominantly vegetarian population. This situation
is analogous to the case in which cats eat fresh or cooked meat.

The coexistence of more than one cat in the environment allowed us
to infer that there would be a possibility of infection through ingesting
oocysts shed by others recently infected. However, our results corrob-
orate with data reviewed by Dubey (2022), who concluded that oocyst
infection in cats is not pathogenic due to inefficient excystation of spo-
rozoites in cat’s gut. Also, the defecation site and the frequency at which
the litter box was cleaned were fundamental for reducing environmental
contamination and interrupting the life cycle of T. gondii.

The regions of Rio de Janeiro state investigated in the present study -
North, West and Baixada Fluminense - did not influence cat seropreva-
lence. In these three regions, majorly located in the metropolitan area of
Rio de Janeiro, public health authorities provide its residents with the
Pest Control Program, in which routine treatments and inspections are
frequently performed for pest control inside residences, schools, daycare
centers and hospital units. Also, they monitor public areas such as
vacant lots, water galleries, riverbanks, parks, and low-income urban
regions to control the proliferation of rats (Rio de Janeiro City Hall,
2020). Therefore, while preventing potentially infected prey for felines,
authorities contribute to the reduced association of these metropolitan
regions in Rio de Janeiro and the presence of cats seropositive for anti-
T. gondii antibodies.

There was no significant association (p > 0.05) between clinical signs
and seroprevalence of antibodies anti-T. gondii. Among the 17 cats
identified as positive in the present research, six present with dyspnea.
Calero-Bernal and Gennari (2019) reported dyspnea associated with
pneumonia in cats with the respiratory system affected by T. gondii. The
clinical signs of toxoplasmosis are generally non-specific. We also did
not find significant differences between clinical manifestations dis-
played by seropositive cats who were seronegative for antibodies anti-
T. gondii. The same is true for the hematological profile. The analyzed
variables were not significantly associated with T. gondii-specific anti-
bodies in cats (p > 0.05). On the other hand, although serum
biochemistry analysis showed no significant difference (p > 0.05) for the
variables albumin, alkaline phosphatase (FA), urea, and creatinine
(Weiss et al., 2010), ALT enzyme activity was significantly lower for
seropositive cats. However, the reference values were within the ex-
pected range for the species (Kaneko et al., 2008). These results mean no
clinical concern (Dubey, 2022). Veterinarians should become aware of
borderline results for ALT activity for cats living in areas known to be
endemic for human and animal toxoplasmosis. Serum biochemistry re-
sults such as urea, serum creatinine, alkaline phosphatase, serum cal-
cium, and bilirubin are generally unnecessary for feline toxoplasmosis
diagnosis.

We conclude that T. gondii circulates among cats in the North, West
and Baixada Fluminense regions of Rio de Janeiro, and this set of data
will be helpful for future epidemiological measures to control toxo-
plasmosis in this endemic area.
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