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Introduction

Toxoplasma gondii is an obligate intracellular zoonotic protozoon 
with worldwide distribution that can infect various cells in birds 
and mammals, including humans (JACOBS, 1974; TENTER et al., 

2000). Felines, and especially domestic cats (Felis catus), are the 
most important animals in the life cycle of this parasite, since 
they are the only definitive hosts of the protozoon, and able to 
eliminate oocysts in their feces (DUBEY, 1995; AFONSO et al., 
2006). These evolutionary forms are resistant to environmental 
conditions and, when sporulated, they can be ingested and infect 
intermediate hosts (mammals and birds). These hosts, including 
humans, may be infected through ingestion of tissue cysts in 
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Abstract

The aim of this study was to identify possible infection of Toxoplasma gondii among cats in a shelter and a set of 
condominiums in the city of Rio de Janeiro, through changes to the cats’ serological status between two different times in 
2014 and 2015. One group was made up of captive cats at the municipal shelter and the other comprised stray cats that 
circulated in condominiums in the city. On the first occasion, cats were caught and tagged through application of microchips; 
in this manner, blood samples were obtained from 261 captive cats and 172 stray cats. On the second occasion, blood 
samples were obtained from 94 captive cats and 56 recaptured stray cats. The serological diagnosis was made by means of 
the indirect hemagglutination assay (IHA) and indirect immunofluorescence reaction (IFAT) (cutoff ≥ 64). The frequency 
of T. gondii infection among the captive cats was 24.5% and among the stray cats, 18%. With the second analysis, it was 
possible to verify modifications to the serological status of anti-T. gondii antibodies, in 18% of both populations of animals. 
The presence of seroconversion shows that infection was possibly occurring in the region at the time of the study.
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Resumo

O objetivo deste estudo foi identificar uma possível infecção por Toxoplasma gondii entre gatos de abrigo e de um conjunto 
de condomínios na cidade do Rio de Janeiro, por meio de mudanças no status sorológico dos gatos em dois momentos 
diferentes em 2014 e 2015. O grupo foi formado por gatos, denominados cativos, de um abrigo municipal, e o outro por 
gatos de rua que circulavam em condomínios da cidade. Na primeira ocasião, os gatos foram capturados, microchipados e 
coletadas amostras de sangue de 261 gatos cativos e de 172 gatos de rua. Na segunda ocasião, as amostras de sangue foram 
obtidas de 94 gatos cativos e 56 de gatos de rua recapturados. O diagnóstico sorológico foi realizado por meio do ensaio de 
hemaglutinação indireta (HAI) e pela reação de imunofluorescência indireta (RIFI) (ponto de corte ≥ 64). A frequência de 
infecção por T. gondii entre os gatos cativos foi de 24,5% e entre os gatos de rua 18%. Com a segunda análise, foi possível 
verificar modificações no status sorológico de anticorpos anti-T. gondii, em 18% em ambas populações de animais. A presença 
de soroconversão mostra que a infecção possivelmente ocorreu na região no momento do estudo.
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raw or undercooked meat or through congenital transmission 
(ROBERT-GANGNEUX & DARDÉ, 2012).

Most of the time, these animals do not present clinical 
manifestations, but when these occur, the infection is usually 
multisystemic. The most common findings from feline toxoplasmosis 
are uveitis and fever, although enteritis, reactive lymph node 
hyperplasia, pneumonia and degenerative changes to the central 
nervous system have been reported (DUBEY & LAPPIN, 2006; 
GALVÃO et al., 2014).

Toxoplasma gondii infection in cats can be shown directly through 
detection of oocysts in feces or indirectly through serological 
evaluation of anti-T. gondii antibodies (DUBEY & BEATTIE, 
1988; SAADATNIA & GOLKAR, 2012). Serological analysis 
is the most widely used form of diagnosis in different groups 
of domestic cats. The prevalence rates of T. gondii vary greatly 
depending on the animal’s lifestyle. In the case of cats living in 
their owner’s home in different countries, the rates have ranged 
from 5.4% in Japan to 91.8% in Mexico (MARUYAMA et al., 
2003; CASTILLO-MORALES et al., 2012), and from 4% in 
Rio de Janeiro, Brazil, to 45.2% in Colombia (NETTO et al., 
2003; DUBEY et al., 2006). Among stray cats, i.e. free-living 
animals, the prevalence rates are still poorly reported, given that 
these cats generally acquire feral behavior and therefore become 
difficult to catch. In these studies, frequencies between 18% in 
France and 92.1% in Rio de Janeiro, Brazil have been reported 
(AFONSO et al., 2006; MENDES-DE-ALMEIDA et al., 2007).

Although many seroprevalence studies on T. gondii have 
been conducted on different animals, including cats, few have 
investigated the potential transmission of environmental infection. 
In this regard, only the studies by Afonso et al. (2006) in Lyon, 
France, and Mendes-de-Almeida et al. (2007) in Rio de Janeiro 
can be highlighted.

To investigate possible infection of this parasite among cats 
in different locations in Rio de Janeiro, the present study had the 
aim of determining the frequency of anti-T. gondii antibodies in 
two groups of cats: one consisting of captive cats in a shelter and 
the other consisting of stray cats, with emphasis on identification 
of their serological status from anti-T. gondii antibodies in blood 
collected from the same animals at two different times. The frequency 
of anti-T. gondii antibodies was also determined according to the 
sex of the animals.

Materials and Methods

Ethical considerations

This study received prior approval from the Animal Ethics 
Committee (CEUA) of FIOCRUZ, under license number 
LW 53/13 (P 24/13.7).

Area and study population

From August 2014 to October 2015, two distinct groups of 
cats living in different locations in the city of Rio de Janeiro were 
studied. The first group consisted of captive cats at a municipal 
shelter located in Guaratiba district, and the second group consisted 

of stray cats that circulated in a set of condominiums located in 
Barra da Tijuca district (Figure 1). Both districts are in the western 
zone of the municipality of Rio de Janeiro, although the captive 
cats at the municipal shelter came from several areas of the city, 
including some cats from a now-closed shelter that was located 
in the center of the city, which were already being studied by our 
research group (BOLAIS et al., 2017).

The municipal shelter provides various medical-veterinary 
services and animal support. It has an area of 13,000 m2, 
consisting of administrative areas, a clinical and surgical center 
and a management center for dogs, cats and horses. The shelter 
is responsible for receiving animals that are victims of abuse and 
neglect, which are made available for adoption soon after a period 
of quarantine.

The cat management center has animal accommodation facilities 
and an area for clinical support. It covers an area of 5,148 m2, and 
these grounds are covered with grass and some trees, with several 
enclosures for the animals containing “houses” constructed with 
masonry. In addition, there are some concrete yards that also 
function as enclosures and to enrich the environment. The entire 
space was delimited by high fences with aluminum sheeting in the 
upper portion to ensure that the animals would be unable to escape.

Most of the captive domestic cats in the municipal shelter were 
of domestic short-hair breeds. They had been rescued from the 
streets of the city of Rio de Janeiro or from irresponsible cat owners 
or had been abandoned on the spot. No histories were available for 
these cats, which made it difficult to obtain any information about 
them. They were receiving manufactured dry feed and potable 
water and were handled daily by the keepers. All of them received 
anti-rabies vaccine annually and anthelmintic drugs sporadically. 
Food was available through feeders and drinking water in shallow 
troughs in the enclosures, where the cats also slept. The shelter did 
not have litter boxes and therefore the cats used the environment 
of this cattery to defecate. Their feces were sporadically collected 
from the ground floor by the keepers.

The set of condominiums has an area of 780,000 m2, with 
an estimated population of 36,000 people with high purchasing 
power. This area was built within the Barra da Tijuca district, in 
a sustainable manner, in which the native fauna of the region 
was maintained. The area was delimited by restored sandspit and 
mangrove swamp vegetation and contained two parks (each with 
an area of 45,000 m2), five themed gardens and 3 km of flat urban 
ecological trails, alongside the unique mangroves preserved in an 
urban space of Rio de Janeiro.

In the set of condominiums, there are several environments that 
are arranged for the domestic stray cats that circulate in the region. 
These environments are known locally as “cat islands”. It should 
be noted that the entire structure of the set of condominiums is 
managed by the residents’ association, which is responsible for 
management of these islands. In all, ten islands were registered, 
consisting of plastic or wooden houses arranged on pallets, along 
with concrete and steel pipes to enrich the environment. The islands 
are strategically positioned in places with landscape structures 
that present natural elements and preserve the characteristics of 
the region. In these places, there are extensive areas of bare earth, 
grass and trees.
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The stray cats that circulate through the set of condominiums 
were also mostly of domestic short-hair breeds and came to be 
present there through abandonment. They were routinely receiving 
manufactured dry food and drinking water, which were provided 
in drinking troughs and feeders on their islands by a handler 
hired by the residents’ association. These cats were living freely 
in an environment of sandspits and natural vegetation, with little 
contact with humans, and many of them had ended up acquiring 
feral behavior. These cats in the condominium were not receiving 
any veterinary medical follow-up and had not been treated with 
intestinal anthelmintics or been vaccinated. During the study, the 
cats that were caught were sent for castration.

Study design and sampling

The animals participating in this study were subjected to 
blood sampling at two different times. On the first occasion, they 
were tagged through application of a microchip to identify each 
animal. The second sampling occurred after an interval of at least 
four months and at most eight months after the first collection. 
Identification of the animals on the second occasion was only 
possible through reading the microchip that had previously been 
applied.

The number of cats studied in the municipal shelter comprised 
the total number of animals present in the shelter. In the set 

Figure 1. Locations of the municipal shelter and the set of condominiums within the city of Rio de Janeiro, highlighted on a map of the 
state of Rio de Janeiro, Brazil.
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of condominiums, it was decided to work using convenience 
sampling because of the difficulty of determining the total number 
of animals living there freely. Therefore, all the cats caught on the 
first occasion were included in this sample. In the second phase of 
the study, we tried to recapture only the cats that had participated 
in the first blood collection.

Capture, containment and identification of cats and sample 
collection

In order to make it easier to approach the cats in both the 
captive group and the stray group, moist manufactured food baits 
were used. After the captive cats had been attracted to the bait, 
they were then caught with the aid of a specific net. However, 
because the stray cats were free-living animals with feral behavior, 
their food baits were provided inside the “house-like” enclosure 
on their “cat island”, which was already pre-adapted with traps. 
These traps had been built by hand by the cat handler himself. 
It was operated by hand, such that when the stray cats fed, the 
trapdoor was released, thus closing the exit of the house. These 
cats were then caught and placed in transportation boxes, and 
were sent to a specific place that had previously been prepared 
for handling the animals.

To tag the cats, they were subjected to a physical containment 
process using aluminum rods, towels and leather gloves. For this 
purpose, the Animal TAG sterile needle-type microchip was 
used, which has dimensions of 2 mm in diameter by 12 mm in 
length. This system was applied subcutaneously in the animal’s 
dorsal region, between the scapulae and near the neck, by means 
of a syringe-shaped applicator. After this procedure, the dorsal 
region of the cat was again scanned using the Virbac BackHome 
BioTec v500 reader, to certify that the microchip had been applied 
correctly and was functioning. At the time of application of the 
microchips, the sex of the animals was recorded on technical 
sheets, along with their identification number, which was the 
same as that of the microchip. The ages of the animals were not 
analyzed because we did not know the origin of the animals and 
also because we did not have a specialist in the study team who 
could determine them.

A volume of 4 mL of peripheral blood was collected from each 
animal participating in the study. In most cats, blood collection was 
performed by means of puncturing the femoral or popliteal vein 
on the medial face of the limb using the disposable BD Vacutainer 
Safety-Lok blood collection syringe, of dimensions 25G x 3/4” x 7” 
(0.5 mm × 19 mm × 178 mm). The blood was placed in collection 
tubes without anticoagulant (BD Vacutainer serum). The samples 
were identified by means of a database serial number that was related 
to the animal’s identification via the microchip. The samples were 
firstly kept at room temperature to allow formation and retraction of 
the clot and were then packed in reusable ice boxes and transported 
to the Laboratory for Toxoplasmosis and Other Protozoan Diseases 
of the Oswaldo Cruz Institute, Fiocruz. After all the procedures 
had been performed, the team returned the animals to the same 
place where they had been caught.

Serological methods

In the laboratory, the blood samples were centrifuged for 
5 minutes at approximately 2000 g, to separate the clot and obtain 
the serum. After this processing, aliquots of the biological material 

were transferred to 1.5 mL Eppendorf-type microtubes, which 
were identified. All the microtubes were stored in freezers at -20 °C 
until the serological tests were performed. The serum samples 
were processed to investigate anti-Toxoplasma gondii IgM and IgG 
antibodies using the indirect immunofluorescence test (IFAT), as 
described by Camargo (1974) and also to detect anti-Toxoplasma 
gondii IgG antibodies using the indirect hemagglutination assay 
(IHA) (Toxotest-HAI kit, Wiener Laboratories). This technique 
was performed in accordance with the recommendations for the kit, 
including its cutoff point. Two dilutions (1:16 and 1:64) were used 
for IFAT IgM screening. In relation to IgG, the following dilutions 
were used: 1:16, 1:64, 1: 256, 1:1024 and 1:4096. The positive 
and negative controls used in this study were samples that had 
previously been determined, and these had been stored in freezers 
in the Laboratory for Toxoplasmosis and Other Protozoan Diseases. 
Anti-IgG and anti-IgM feline conjugates (Bio-Rad Laboratories 
Inc.) were used for the reaction. Reactions occurring at serum 
dilutions ≥ 1:64, in which complete fluorescence in the parasite 
membrane and in at least 50% of the tachyzoites was observed 
under the microscope, were considered positive. Dilutions less than 
1:64 were considered negative or non-reactive (NR). The slides 
were read under a fluorescence epi-fluorescence (Nikon E400) 
Y-FL microscope, with a mercury light bulb and ND16 filter, 
with a magnification of 400X.

Animals that were reactive to one or both serological techniques 
were considered positive for T. gondii, regardless of the sampling 
time at which the blood was collected. In the IFAT technique, 
positive animals were the ones that presented reactive serological 
results for one or both immunoglobulins (IgM or IgG).

Statistical analysis

Chi-square test was used to investigate associations of the 
frequencies of anti-T. gondii antibodies among the populations 
of captive and stray cats, frequencies of anti-T. gondii antibodies 
according to the animals’ sex and frequencies of change of serological 
status regarding anti-T. gondii antibodies detected in the IFAT in 
the two groups of cats studied. Moreover, odds ratio was used to 
investigate the chance of one group of animals becoming infected 
with T. gondii when compared to another. In all analyses, a 5% 
confidence interval was used. All statistical analyses were performed 
using the GraphPad Prism software, version 6.

Results

In the present study, it was observed that the sample size of 
the cat population differed between the two timepoints. At the 
first sample collection time, 261 captive cats and 172 stray cats 
were analyzed. The two groups of cats included in the study were 
firstly evaluated as correlations of the results obtained from the 
two collections from the same animal at different times with 
both techniques (IHA and IFAT). From this, anti-T. gondii 
antibodies were detected in 21.9% of the cats. However, when 
each group was analyzed separately, the positivity rates were 
24.5% for the captive cats and 18.0% for the stray cats. There 
was no statistically significant difference between these results 
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(p = 0.1099). The chance (odds ratio – O.R.) for captive cats 
becoming infected with T. gondii when compared to stray cats 
was 1.478 (CI 95% 0.9140 to 2.389) (Table 1).

The results from the two groups of cats studied were correlated 
independently of the collection time. This showed that the seropositivity 
rate for IgG antibodies using both techniques (IHA and IFAT) 
was 6.7% and the seronegativity rate was 78.5%. The frequency 
of seropositivity for anti-T. gondii antibodies was investigated in 
relation to sex. No statistically significant difference was observed 
in either of the groups: captive cats (p = 0.2659) and stray cats 
(p = 0.0647), associating the IHA and IFAT techniques. Among 
the captive cats, was 26.9% of the females and 20.8% of the males 
were serologically reactive. Among the stray cats, 13.6% of females 
and 24.6% of males were serologically reactive. The chance of the 
sex of the cat influencing the infection by the protozoan was 1.400 
(O.R, CI 95% 0.7727 to 2.537) for the captive cats and for the 
stray cats was 2.078 (O.R., CI 95% 0.9471 to 4.561) (Table 2).

In the second phase of the study, we tried to recapture only 
the cats that had participated in the first blood collection. In this 
phase, new blood samples were obtained from 94 captive cats and 
56 recaptured stray cats, and therefore only these cats participated 
in the two phases of the study. Among all the recaptured cats, it 
was observed that 27 (18%) presented a change to their serological 
status regarding anti-T. gondii antibodies. Of these, 20/94 
(21.3%) belonged to the group of captive cats and 7/56 (12.5%) 
to the group of stray cats. There was no statistically significant 
difference between the types of cats evaluated (p = 0.1760) and 
the chance of captive cats changed to their serological status was 
1.892 (O.R., CI 95% 0.7438 to 4.812) when compared with 
stray cats (Table 3).

When blood was collected from the same animal at two 
different times, patterns regarding changes to serological status 
could be inferred. Cats that were negative for IgG in the first 
analysis and positive for IgG in the second, or negative for IgM 
in the first and positive for IgM in the second, were considered 
to have undergone seroconversion (REY, 2006).

Cats that were positive for IgM in the first sample and negative 
for IgM in the second were not considered to have undergone 
seroconversion but to have undergone natural evolution of the 
serological status for this type of immunoglobulin, which tends 
become negative after approximately three weeks. Cats that were 
positive for IgG in the first sample and negative for IgG in the 
second were considered only to be animals whose serological 
status changed away from infection, because conventionally the 
term seroconversion refers to the time when antibodies for a given 
etiological agent become detectable.

Among the animals whose serological status changed according 
to the IFAT technique, three distinct types of serological status 
were observed: firstly, negative for IgG at the first collection and 
positive for IgG at the second collection, which was seen only 
among the captive cats; secondly, positive for IgG at the first 
collection and negative for IgG at the second collection, which 
was seen in all the stray cats and 10% of the captive cats; and 
thirdly, negative for IgM at the first collection and positive for 
IgM at the second collection, without change to IgG status, which 
was seen only among the captive cats (Table 4). All the animals 
that presented changes to serological status in the second analysis 
according to the IHA technique also presented changed to their 
status according to IFAT.

Discussion

Overall, the seroprevalence regarding anti-T. gondii antibodies 
observed among the total number of animals was 21.9%. Although 
not statistically significant, the captive cats in the municipal shelter 
in Rio de Janeiro presented a serological frequency of anti-T. gondii 
antibodies that was greater than the group of stray cats in the set 
of condominiums, presenting, a greater chance of getting infected 
than the stray cats. This positivity can be directly related to the 
animals’ way of life, in association with the specific biotic, abiotic 
and socioeconomic conditions of each site. Among the captive 

Table 1. Frequency of anti-Toxoplasma gondii antibodies in captive and stray cats in Rio de Janeiro, regardless of the collection time.

Captive cats Stray cats
Total

IHA IFAT
Subtotal

IHA IFAT
Subtotal

IHA or IFAT* IHA or IFAT*
Positive*** 41 (15.7%) 49 (18.8%) 64 (24.5%)** 12 (7.0%) 22 (12.8%) 31 (18.0%)** 95 (21.9%)

Negative**** 220 (84.3%) 212 (81.2%) 197 (75.5%) 160 (93.0%) 150 (87.2%) 141 (82.0%) 338 (78.1%)
Total 261 261 261 172 172 172 433

IHA = indirect hemagglutination assay; IFAT = indirect immunofluorescence test; *IHA or IFAT at the first or second collection time; **p = 0.1099; Odd = 1.478 
(CI 95% 0.9140 to 2.389). The value one (1) was covered. Odds ratio without statistical significance. ***only IgM-positive; IgM-positive and IgG-positive; only 
IgG-positive; ****negative for both immunoglobulins.

Table 2. Association between the serological results regarding anti-Toxoplasma gondii antibodies and the sex of the cats.

Captive cats Stray cats
Female Male Total Female Male Total

Positive 43 (26.9%)* 21 (20.8%)* 64 (24.5%) 14 (13.6%)** 17 (24.6%)** 31 (18%)
Negative 117 (73.1%) 80 (79.2%) 197 (75.5%) 89 (86.4%) 52 (75.4%) 141 (82%)

Total 160 101 261 103 69 172
*p = 0.2659 O.R. = 1.400 (CI 95% 0.7727 to 2.537); **p = 0.0647; O.R. = 2.078 (CI 95% 0.9471 to 4.561). The value one (1) was covered. Odds ratio without 
statistical significance.
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cats in the shelter, the frequency was 24.5%. Similar results were 
observed among cats at zoonosis control centers (ZCC) in Rio 
de Janeiro and São Paulo, Brazil: 24.4% and 25%, respectively 
(NETTO et al., 2003; BRESCIANI et al., 2007). Higher frequencies 
were reported among captive cats at a ZCC in São Paulo (35%) by 
Pena et al. (2006) and among cats in a public shelter in Colombia 
(45.2%) by Dubey et al. (2006). The population density of cats 
may have been one of the factors that favored T. gondii infection in 
the municipal shelter. In the present study, it was found that this 
variable was higher in the shelter (0.07 animals/m2) than in the set 
of condominiums (0.0002 animals/m2). The high concentration 
of animals in the shelter may have favored direct contact with 
feces and bare soil that was possibly contaminated with oocysts 
that, when sporulated, infect other animals that are on the site.

Among the stray cats of the set of condominiums, the seropositivity 
for T. gondii was 18%. This percentage was also reported by 
Afonso et al. (2006), in France, in detecting antibodies to these 
protozoa among free-living cats in a park in Lyon. Results higher 
than those of the present study were detected among stray cats in 
military bases in Iraq (30.4%) and among cats in urban centers in 
Iran (44.2%) (AKHTARDANESH et al., 2010; KASTEN et al., 
2013). In Brazil, high frequencies in populations of stray cats were 
shown by Costa et al. (2012) in Fernando de Noronha, 66.6%, 
and by Mendes-de-Almeida et al. (2007) in Rio de Janeiro, with 
serological results ranging from 60.6% to 92.1%.

The lower frequency observed in the group of stray cats in the 
present study, in comparison with the captive cats at the shelter 
and with reports in the literature, may have occurred due to factors 
limiting the exposure of cats to different sources of infection in the 
environment. Although the stray cats in the set of condominiums 
were free-living animals, they circulated in an environment where 
human interference was present. They received nutritional support 

through daily supply of manufactured food and drinking water 
and also received sanitary management, albeit limited, through 
cleaning of their enclosures. Nevertheless, because they were 
free‑living animals, a certain percentage of them would be expected 
to be serologically positive for anti-T. gondii antibodies, and this 
was indeed observed among the stray cats studied. This suggests 
that the broad natural environment of the set of condominiums, 
consisting of restored sandspit and mangrove vegetation, favored 
maintenance of the biological cycle of these protozoa. Thus, these 
free-living cats were able to use their hunting instincts, which 
allowed then to become infected through ingestion of intermediate 
hosts infected with tissue cysts.

In the present study in the captive cats, females presented a 
higher odds ratio for infection than males and among the stray 
cats, males had a higher chance of becoming infected than females. 
However, there wasn’t observed difference statically significance 
in the frequency of T. gondii infection in relation to the sex of 
the cats in the two populations included in this study. This was 
concordant with results reported in Spain, Peru, São Paulo and 
Rio de Janeiro, Brazil (GAUSS et al., 2003; PENA et al., 2006; 
BRESCIANI et al., 2007; COELHO et al., 2011; CERRO et al., 
2014; BARROS et al., 2015). According to Smith et al. (1992) 
and Miró  et  al. (2004), male cats may present a higher risk 
of T.  gondii infection than females because of their greater 
territorial exploitation of the environment. On the other hand, 
Netto et al. (2003) pointed out that females and their offspring 
might have greater possibility of infection because of maternal 
hunting behavior aimed towards stimulating this habit in their 
offspring. It is important to note that most of the shelter cats 
had been neutered, while the stray cats were whole, since during 
the period of study in the condominium a castration project was 
only just being started. It should be emphasized that castrated 
cats will explore their environment to a lesser extent, and thus 
that sterilization would act as a control measure, since it could 
minimize the exposure to infection by the protozoon.

The evaluation on possible infection of T. gondii was performed 
on 36.01% of the captive cats and 32.5% of the stray cats. This was 
because at the second sample collection time it was not possible 
to find some of the animals that had previously been sampled. 
The absence of these individuals, second phase of the study, from 
the municipal shelter may have been due to escapes, deaths or 
adoptions. Among the stray cats in the set of condominiums, the 
decrease in population size between the first and second capture 
times can be explained by deaths, adoptions and the ability of 
the animals to recognize the handlers and the traps used (which 
can be associated with the cats’ feral behavior), which in many 
cases made it difficult to recapture them. Furthermore, because 
the stray cats probably roamed widely, they may not have been 
present in the set of condominiums at the time of the second 
sample collection.

During the study, it was seen that the serological status of 
18.0% of the animals changed. Despite living in very different 
environments, the captive and stray cat groups did not present any 
statistically significant differences regarding changes to serological 
status, which showed that both groups were in environments that 
somehow favored infection by these protozoa. Although the change 
in serological status was more detected in captive cats, group of 

Table 4. Serological status regarding anti-Toxoplasma gondii antibodies 
according to the indirect immunofluorescence test (IFAT) in the 
groups of captive and stray cats.

Serological status
Captive cats  

(n = 94)
Stray cats  
(n = 56)1st collection 

time
2nd collection 

time
IgG - IgG + 16 (80%) 0
IgG + IgG - 2 (10%) 7 (100%)
IgM - IgM + 2 (10%) 0

Total 20 7
(-) serologically negative; (+) serologically positive.

Table 3. Comparison of the frequencies of change to serological 
status regarding anti-Toxoplasma gondii antibodies among the groups 
of captive and stray cats.

Change to  
serological status Captive cats Stray cats Total

Yes 20 (21.3%)* 7 (12.5%)* 27 (18%)
No 74 (78.7%) 49 (87.5%) 123 (82%)

Total 94 56 150
*p = 0.1760; Odd=1.892 (CI 95% 0.7438 to 4.812). The value one (1) was 
covered. Odds ratio without statistical significance.
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animals that presented a greater chance of becoming infected and, 
consequently, a greater chance of altering their serological status. 
In France, Afonso et al. (2006) followed up stray cats serologically 
and detected a lower rate of change to serological status (9.1%) 
than what was identified in the cats of the present study in Rio 
de Janeiro. Those authors considered that seroconversion had 
occurred when kittens (< 6 months) presented titers higher than 
the cutoff point (1:40) or when adult cats (> 6 months) presented 
titers ≥ 1:40 after a certain period (second blood collection). It is 
noteworthy that the samples from the cats evaluated in Rio de 
Janeiro were subjected to the IFAT technique with a cutoff point 
of 64. In addition, IFAT made it possible to distinguish the class of 
immunoglobulins and thus to estimate the phase of the infection. 
This was not possible in the study in France, because those samples 
were evaluated only using the MAT technique.

In the present study, among the animals that showed changes 
to serological status, the most evident seroconversion among the 
captive cats was from negative for IgG in the first laboratory analysis 
to positive for IgG in the second. Also among these animals, a 
change to serological status from negative for IgM to positive for 
IgM was observed. These status changes indicate that the animals 
probably came into contact with the parasites’ evolutionary forms 
in the environment of the municipal shelter, and that they had 
already undergone multiplication at the intestinal level, thus giving 
rise to infection. It is known that production of anti-T. gondii 
antibodies in felids, which are the only definitive hosts of this 
parasite, occurs after maximum elimination of oocysts in the 
intestinal contents, which usually occurs three weeks after infection, 
when the signs and symptoms of toxoplasmosis are no longer so 
evident in these animals (DUBEY, 1995). This infection in the 
shelter environment may have occurred due to several factors: 
environmental contamination with feces containing oocysts; high 
concentration of animals, which would favor direct contact between 
them and their excreta; and ingestion of contaminated water from 
shallow containers arranged on the ground, in contact with the 
soil. In addition, the possibility of ingesting cysts with bradyzoites, 
from intermediate hosts that might enter the enclosure, such as 
rodents, marsupials and birds, cannot be ruled out, because the 
municipal shelter studied is located in an environment close to 
the Atlantic Forest.

All seven stray cats that showed serological changes were 
positive for IgG at the first blood collection and negative for IgG 
at the second. This modification in anti-T. gondii antibody status 
was also observed in three cats among a group of strays studied 
by Mendes-de-Almeida  et  al. (2007) in Rio de Janeiro from 
2002 to 2004. This category can be explained by the presence 
of antibodies at basal levels at the second analysis time that were 
not detected through the cutoff point adopted. It should be 
noted that out of the seven stray cats that became IgG-negative, 
four animals had titers of 1:16 for anti-T. gondii antibodies at 
the second timepoint and three animals were not reactive at any 
of the dilutions used. It is known that for felines there are still 
no standard cutoff points for the serological techniques that are 
used for diagnosing anti-T. gondii antibodies (LANGONI et al., 
2001; BRESCIANI et al., 2007). Therefore, the cutoff ends up 
being a choice of each researcher. As the objective of this study 

was to evaluate the change in serological status, choose a higher 
cutoff point to be sure that it was changed of the serological status.

In indirectly evaluating T. gondii infection in captive and 
stray cats, the percentage positivity obtained was found to be like 
what had been observed at other locations. However, the present 
study not only evaluated spot seroprevalence, but also, whenever 
possible, emphasized sample collection at two distinct times for 
each cat. This enabled identification of animals whose serological 
status changed to positive for anti-T. gondii antibodies, which 
demonstrated the possible presence of sources of infection for 
these, highlighting the captive cats, because in those cats it was 
clearly detected the seroconversion.
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