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Abstract

Toxoplasmosis is a zoonotic disease of global distribution that affects all warm-blooded animals. The purpose of
this investigation was to determine the prevalence of 7. gondii infection and identify the risk factors associated with its
occurrence in domestic ruminants raised on the island of Fernando de Noronha, Brazil, and to confirm that cattle and
sheep raised in Fernando de Noronha Island present statistically different 7" gondii prevalence rates. Serum samples
were collected from sheep (n=240) and cattle (n=140) for the detection of antibodies by indirect immunofluorescence.
Samples were collected from all the animals on all the farms. Risk factors were analyzed by univariate analysis and
logistic regression. The prevalence rate of positive sheep was 85.0% while that of cattle was 10.7%. A multivariate
analysis revealed that the site of contact of sheep with felines was a risk factor. For cattle, the risk factors identified in
this study were: extensive farming system, water source, more than three cats per farm, and the presence of rats in feed
storage locations. The findings revealed a significant difference in the prevalence rates in sheep and cattle raised in this
insular environment.
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Resumo

A toxoplasmose é uma zoonose cosmopolita que acomete animais de sangue quente. Objetivou-se nessa investigacio
determinar a prevaléncia e identificar os fatores de risco associados & ocorréncia da infecgao por 7. gondii em ruminantes
domésticos criados na Ilha de Fernando de Noronha e demonstrar que bovinos e ovinos criados na ilha de Fernando
de Noronha, Brasil, apresentam prevaléncias estatisticamente distintas. Foram obtidas amostras de soro sanguineo de
todos os ovinos (n=240) e bovinos (n=140) de todas as propriedades da ilha para a pesquisa de anticorpos na Reagio de
Imunofluorescéncia Indireta. Os fatores de risco foram analisados por meio da andlise univariada e regressao logistica.
A prevaléncia de ovinos reagentes foi de 85,0% e 10,7% para bovinos, que foram significativamente diferentes. Na andlise
multivariada, local de contato de ovinos com outras espécies foi identificado como fator de risco. Para os bovinos, os fatores
de risco foram: sistema extensivo, fonte de 4gua, niimero de gatos nas propriedades e a presenca de rato. Os resultados
obtidos demonstram diferenca significativa nas prevaléncias em ovinos e bovinos criados neste ambiente insular.
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Introduction

The island of Fernando de Noronha (state of Pernambuco,
Brazil) is located in the South Atlantic. Since it was first colonized,
the island has undergone changes brought about by humans and
by the introduction of non-native species, such as domestic cats,
which pose a threat to biodiversity conservation in insular regions
(KAISER, 2001) and can trigger impacts associated with diseases,
such as toxoplasmosis (TENTER et al., 2000).

Toxoplasmosis is one of the world’s most widespread zoonotic
diseases that affect a variety of warm-blooded mammal and bird
species (TENTER etal., 2000; DUBEY, 2010). 7" gondii reproduces
sexually only in cats, which eliminate millions of oocysts in their
feces. After they sporulate, these oocysts contaminate soil, water
sources and food, constituting an important source of infection
for their intermediate hosts (DUBEY, 2010).

Small ruminants such as sheep may present reproductive
changes that lead to significant economic losses for the food
production chain (BUXTON et al., 2007). Cattle also become
infected, but they are considered more resistant to 7. gondii,
and the importance of these animals in the epidemiology of
toxoplasmosis is still a controversial issue (DUBEY, 1986, 2010;
DUBEY & JONES, 2008).

Costa et al. (2012) demonstrated that domestic animals
such as cattle and sheep on the island of Fernando de Noronha
have antibodies against 7" gondii, but they did not examine the
risk factors and the spatial distribution of toxoplasmosis on
this island. The purpose of this study was therefore to study
the prevalence of Toxoplasma gondii infection in sheep and
cattle and to identify risk factors associated with infection by
T gondii in domestic ruminants raised on the island of Fernando
de Noronha, Brazil, as well as to confirm that, although they
live in the same environment, these ruminants present different
levels of infection.
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Materials and Methods

Ethics committee

The procedures in this experiment were approved by the Ethics
Committee for Animal Use (CEUA) of the Federal University
of Pernambuco under protocol number 004/2016, and are in
accordance with the current guidelines of the Brazilian College
of Animal Experimentation (COBEA).

Area of study and sampling

Fernando de Noronha Island is located in the state of
Pernambuco, northeastern of Brazil, comprises 21 islands and islets
and is focused on the preservation of wildlife. The main island,
Fernando de Noronha, has an area of approximately 17.017 km?.
The Island has a population of 2,930 residents.

The animals involved in this study were 240 sheep on eight
farms and 140 head of cattle on ten farms (Table 1). Samples were
collected from all the animals on all the farms.

Collection of blood samples

Blood samples were drawn from both sexes by jugular (sheep)
and coccygeal venipuncture (cattle). The blood samples were
immediately refrigerated and sent to the Laboratory of the Animal
Health Surveillance Center of the State District of Fernando de
Noronha for centrifugation and blood serum preparation, after
which they were frozen and sent by air to the Laboratory of
Infectious Diseases at the Federal Rural University of Pernambuco,
where they were processed.

Serological analysis

Serum samples were subjected to the indirect fluorescence
antibody test (IFAT) to detect anti-7. gondii 1gG antibodies.
The slides were coated with tachyzoites of the RH strain of

Table 1. Absolute and relative frequency of sheep and cattle positive and negative for anti- Toxoplasma gondii antibodies by IFAT, according

to location on Fernando de Noronha Island, Brazil.

. . Ne. of Ne. of Positive Negative
Animals Location RTINS samples AF RF (%) AF RF (%)
Floresta Velha 1 4 3 75.00 1 25.00
Vila dos Remédios 1 5 3 60.00 2 40.00
Vila dos Trés Paus 1 90 84 93.30 6 6.70
Sheep . .
Vila da Basinha 1 15 12 80.00 3 20.00
Vila da Coréia 2 48 40 83.30 8 16.70
Estrada Velha do Sueste 2 78 62 79.49 16 20.51
Floresta Nova 1 9 0 0.0 9 100.0
Floresta Velha 1 27 3 11.0 24 89.0
Vila dos Trés Paus 4 38 9 23.0 29 74.0
Cattle
Vila da Basinha 1 2 0 0.0 2 100.0
Vila do Sueste 1 12 0 0.0 12 100.0
Estrada Velha do Sueste 2 52 3 6.0 49 94.0

AF — Absolute frequency; RF — Relative frequency.
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T gondii, using a specific anti-IgG antibody for the animal species
conjugated with fluorescein isothiocyanate (Sigma-Aldrich Co.,
St. Louis, USA), A cut off point of 1:64 was adopted for sheep
and cattle (GARCIA et al., 1999; DUBEY, 2010), and positive
samples were diluted to a ratio of two and their titers determined
by positive reaction of the highest dilution. Positive and negative
controls were included in all the reactions.

Risk analysis

The chi-square test with a 95% significance level was used to
evaluate the statistical difference between the prevalence rates in
the species under study.

For the study of risk factors associated with 7. gondii infection,
questionnaires were applied containing objective questions about
to the animal production and health management and about
toxoplasmosis epidemiology. The questionnaires were applied by
a single person trained specifically for this purpose.

Initially, the variables were evaluated by univariate analysis, using
DPearson’s chi-square test or Fisher’s exact test, when necessary, and
adopting a 95% confidence interval. In a second stage of analysis,
the variables with p < 0.2 in univariate analysis were selected for
logistic regression model considered as dependent variable the
serological results (reagent or non-reagent), and the calculations
were performed using the Epilnfo version 3.5.2 program — Centers
for Disease Control and Prevention (CDC).

Spatial distribution

The plane coordinates obtained by georeferencing each
farm using a global positioning system (GPS) were used to
spatialize the map of Fernando de Noronha Island, which was
configured to pinpoint the positions with plane coordinates in
UTM (Universal Transverse Mercator) projection in the SAD-69
System (South American Datum 1969), corresponding to the
cartographic coordinate system of the Fernando de Noronha
Island. The georeferenced data were entered into the ArcGIS 10.2
software program using the Kernel intensity estimator, which is
a non-parametric technique that enables the variability of a set
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of data to be filtered, retaining the essential local characteristics

of the data (BAILEY & GATRELL, 1995).

Results

'The prevalence of sheep positive for 7 gondii in Fernando de
Noronha Island was 85.0% (204/240, 79.8-89.3%, C1 95%). Among
the different regions of the archipelago, the highest prevalence,
93.3%, was observed in Vila dos Trés Paus, and the lowest, 60.0%,
in Vila dos Remédios (Table 1). For cattle, the prevalence was
10.7% (15/140), ranging from 0% to 23.0% among the different
regions of the island (Table 1). The prevalence rates of the two
species showed a statistically significant difference (p=0.000).

Figures 1A, B, respectively, show the Kernel estimate for
the number of sheep and cattle seropositive for 7 gondii in the
archipelago. The color gradient quantifies the density of cases per
farm (green: lowest prevalence; red: highest prevalence).

The univariate analysis for sheep showed a significant
association between 7. gondii infection and the following variables:
sex (p=0.007); location of the farm (p=0.024); site of contact
with feline (p=0.046); water supply (p=0.019); and number of
domestic cats (p=0.019). In the logistic regression (Table 2), the
site of contact with feline was identified as a risk factor, OR=2.94.

For cattle, the univariate analysis revealed a significant association
between 7. gondii infection and the following variables: type of
farming system (p=0.002); water supply (p=0.000); number of
domestic cats (p=0.002); access of cats to animal feed (p=0.000);
presence of feral cats on the farms (p=0.044); and access of rats to
animal feed (p=0.000). The following risk factors were identified by
logistic regression: extensive farming system (OR=6), water supply
(pond) (OR=8.36), number of domestic cats (>3) (OR=5.76),
and access of rats to animal feed (OR=7.62) (Table 2).

Discussion

This work involves a comprehensive investigation of 7. gondii
infection in domestic ruminants in Fernando de Noronha Island,
since all the sheep and cattle raised on this island were sampled,

Figure 1. Kernel estimation map of the prevalence of Toxoplasma gondii infection in sheep (A) and cattle (B) from Fernando de Noronha Island.
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Table 2. Logistic regression analysis of risk factors associated with Toxoplasma gondii infection in sheep and cattle from Fernando de Noronha

Island, Brazil.

Animals Variable p-value OR CI 95%
Sheep Location of contact with feline (Pasture + facilities) 0.000 2.94 1.23-7.05
Extensive system 0.004 6.63 1.78-24.72
Water supply (reservoir) 0.000 8.36 2.66-26.23
Cattle
Number of cats (more than 3) 0.009 5.76 1.53-21.66
Presence of rats in animal feed 0.002 7.62 2.04-28.49

OR — Odlds ratio; CI — Confidence interval.

unlike another study involving cattle and sheep conducted
previously at this location (COSTA et al., 2012), which did not
include spatial distribution or risk factor analysis. These animals
were introduced into this archipelago in the early 20th century
and have had no contact with animals on the continent, thus
constituting a population of animals with specific genetics and
management characteristics, which are used by local families to
supply milk and meat for their subsistence (PERNAMBUCO,
2015).

An analysis of the Kernel estimation maps for 7. gondii infection
in cattle and sheep on the Fernando de Noronha Island indicates
that foci of infection are scattered throughout the island where
these animals are raised.

Various studies around the world have demonstrated the
exposure of sheep and cattle to 7. gondii (DUBEY, 2010), but
few studies have been conducted on oceanic islands around the
world. This comprehensive study in this location was facilitated
by the easy access to the island and by contact with the local
animal health authorities.

The prevalence of positive sheep (85.0%, 79.8-89.3%; CI 95%)
in Fernando de Noronha Island was found to be higher than the
prevalence rates found in surveys in continental Brazil, which reported
avariation of 7% (MOURA et al., 2007) a 51.8% (GARCIA et al.,
1999). Surveys in the Caribbean islands of Dominica, Grenada,
Montserrat, St. Kitts and Nevis (HAMILTON et al., 2014) and
Carriacou (CHIKWETO etal., 2011) also found high 7 gondii
infection rates ranging from 44.1% to 89%. The authors attribute
this case, a higher prevalence in island environment due to the
high concentration of cats, especially those of feral habits that are
not subjected to any health care and when infected by 77 gondii
contaminate the environment with oocysts, serving as a source
of infection to livestock.

As for bovines, studies in different regions of Brazil showed
values ranging from 1% in Bahia (GONDIM etal., 1999) to 71%
in Mato Grosso (SANTOS et al., 2009). The prevalence found
in the Island (10.7%; 6.1-17.1%; CI 95%) is similar to findings
on other oceanic islands reported by Chikweto etal. (2011), who
found a positivity rate of 8.4% among the cattle in the Caribbean
islands of Grenada and Carriacou.

The exposure of domestic and wild animals to 77 gondii on
Fernando de Noronha Island was the subject of only one previous
investigation, which reported a positivity rate of 3.0% (3/100)
among cattle and of 60.8% (59/97) among sheep (COSTA et al.,
2012). As can be seen, therefore, the prevalence of 7. gondii
infection in these species has increased, which may be attributed

to greater environmental contamination by oocysts of coccidia,
since the cat population on this island, especially of stray cats,
has increased by more than 40% in recent years.

In general, the prevalence of 7 gondii in farm animals is
higher in sheep than in cattle (DUBEY, 2009, 2010), and may be
associated with the resistance of cattle to infection (TENTER etal.,
2000; DUBEY, 2010) and with the feeding habits of these
animals. Sheep tend to graze on shorter grasses closer to the
ground, and are therefore more susceptible to oocyst ingestion
than cattle, which feed on the higher portions of fodder grasses
(ANDRIGUETTO, 1983).

In the present study, the sheep raised in contact with feline
on pasture and in confined animal facilities presented a 2.94-fold
greater likelihood of becoming infected by 7 gondii than those in
contact with feline only on pasture. This may indicate the extensive
contamination of production areas (both pasture and confinement
facilities) with oocysts of 7. gondii, thus requiring the adoption of
sanitary measures for control and prevention on farms. Costa et al.
(2012) reported that 66.6% of feral cats and 54.2% of domestic
cats on this island were positive for 7. gondii, and also found that
positivity increases as these animals become older.

According to Dubey (2009), few studies have examined the
risk factors associated with the exposure of sheep to this protozoan.
Moreover, albeit not statistically significant in this study, the
presence of cats on the farms (VESCO et al., 2007), the source
of water consumed by the animals (ROMANELLI et al., 2007),
and the adoption of extensive farming (ABU SAMRAA et al,,
2007) are factors that have been associated with seropositivity
for 77 gondii in sheep in other investigations.

The risk factors associated with seropositivity for 7 gondii in
cattle in this study were: animals raised in extensive farming system
(OR=6.63; C195% - 1.78-24.72), use of reservoir as water supply
(OR=8.36; CI 95% 2.66-26.23), presence of more than three
domestic cats on the farm (OR=5.76; CI1 95% - 1.53-21.66), and
access of rats to the animal feed (OR=7.62; CI 95% - 2.04-28.49).
These results are consistent with the findings of Albuquerque et al.
(2011) and Fajardo et al. (2013), who also identified the risk
of infection by 7. gondii associated with the number of cats.
Even with the adoption of population control measures by the
Administration of the State District of Fernando de Noronha, such
as a cat neutering program, the number of feral cats on the island
has grown in recent years. The presence of rodents on these farms
is also a factor of attraction for cats that prey on these animals,
contributing to increase the proximity between the definitive hosts
of T gondii and farm animals.
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The cattle raised in extensive systems and which use reservoirs
for watering presented a higher likelihood of becoming infected
with 7. gondii, because they are more likely to ingest the oocysts

of T gondii.

Conclusion

The results of this study demonstrated that the prevalence of
anti- 1. gondii antibodies differs significantly in sheep and cattle
raised in an insular and highly urbanized environment. The animals
raised on this island are exposed to an environment contaminated
with oocysts of T. gondii. We recommend that the risk factors
identified in this study be corrected, and that care be taken in the
consumption of beef and mutton raised locally, considering the
high prevalence of 7. gondii found mainly in sheep.
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