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Abstract

Toxoplasmosis is caused by ZToxoplasma gondii, which is the main causative agent of abortion in small ruminants.
Goats are among the animals that are most susceptible to this protozoon, and the disease that it causes leads to significant
economic losses and has implications for public health, since presence of the parasite in products of goat origin is one of
the main sources of human infection. Because of the significant economic impact, there is an urgent need to study the
prevalence of 7 gondii infection among goats in Sertio do Cabugi, which is the largest goat-producing region in Rio
Grande do Norte. In the present study, the ELISA assay was used to test 244 serum samples from nine farms, located
in four different municipalities in the Sertdo do Cabugi region, which is an important goat-rearing region. The results
showed that the prevalence of anti- 7 gondii antibodies was 47.1% and that there was a significant association between
positivity and the variables of age (= 34 months), location (Lajes, Angicos and Afonso Bezerra) and farm (all the farms).
The avidity test was applied to all the 115 ELISA-positive samples to distinguish between acute and chronic infection.
One hundred and three samples (89.6%) displayed high-avidity antibodies, thus indicating that most of the animals
presented chronic infection, with a consequent great impact on the development of the goat production system and a
risk to human health.
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Resumo

A toxoplasmose é causada pelo Toxoplasma gondii, principal agente causador de aborto em pequenos ruminantes. Os
caprinos sio uns dos animais mais suscetiveis a esse protozodrio, levando a perdas econdmicas significativas e implicages
para a saude publica, uma vez que a presenga do parasito em produtos de origem caprina é uma das principais fontes
de infeccio humana. Devido ao impacto econdmico significativo torna-se urgente estudar a prevaléncia da infecgio,
pelo 77 gondii, entre caprinos do Sertio do Cabugi, a maior regiio produtora de caprinos no Rio Grande do Norte. O
presente estudo utilizou o ELISA para testar 244 amostras de soro de 9 fazendas, situadas em 4 diferentes cidades na
regiio do Sertio do Cabugi; uma importante regido de criagio de cabras. Os resultados mostraram uma prevaléncia de
47,1% para anticorpos anti- 7. gondii e uma significativa associagio entre a positividade e as varidveis idade (= 34 meses),
localizagio (Lajes, Angicos e Afonso Bezerra e propriedade (todas as fazendas). O teste de avidez foi aplicado a todas
as 115 amostras positivas pelo ELISA para discriminar entre infecgao aguda e cronica. Cento e trés amostras (89,6%)
apresentaram anticorpos de alta avidez; indicando que a maioria dos animais estavam em infec¢do cronica, gerando um
grande impacto sobre o desenvolvimento do sistema de produgio em cabras e um risco para a satide humana.

Palavras-chave: Infeccio por Toxoplasma gondii, caprinos, ELISA de avidez, anticorpos anti- 7.gondii, fatores de
risco.
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Introduction

Toxoplasmosis is a zoonosis that is present worldwide
and is caused by Toxoplasma gondii, an obligate intracellular
protozoan. It is considered to be one of the most widespread
transmittable infectious diseases. The parasite that causes this
disease is of considerable medical and veterinary importance
because it causes abortion, fetal malformation and neonatal
mortality, with significant impact on goat and sheep farming
(APPLEFORD & SMITH, 2000; PANADERO et al., 2010).
Worldwide interest in raising meat and dairy goats has reached
unprecedented importance, and this phenomenon is clearly
apparent in Brazil. Among production animals, goats are
among the ones most susceptible to 7 gondii (DUBEY &
ADAMS, 1990). The economic importance of the exploitation
of goats is significant in various regions around the world
(DUBEUF et al., 2004; BOYAZOGLU et al., 2005). Goat
herds in South America account for 3.5% of the worldwide total
population, while Brazilian herds include a total of 9,450,312
animals (1.1% of the world total and 32.3% of South American
herds). Brazil is among the leading producers of dairy goat herds
(DUBEUF etal., 2004; IBGE, 2012). Goats’ ability to eliminate
1. gondii through their milk and the persistence of tissue cysts
in goats (DUBEY, 1980) demonstrate the significance of this
species in transmitting toxoplasmosis to humans (SACKS et al.,
1982). Thus, when improperly prepared, the infected meat
and milk of these animals is one of the most important
potential sources of human toxoplasmosis (TENTER et al.,
2000; CLEMENTINO et al., 2009; SANTOS et al., 2012;
BEZERRA et al., 2013). Considering the high number of goat
herds in northeastern Brazil and the economic losses caused
by this parasite, the aims of this study were to investigate
the seroprevalence of 7. gondii among goats, along with the
associated risk factors, and to identify recent and/or chronic
infection by 7 gondii in the Sertio do Cabugi region, Rio
Grande do Norte, Brazil.

Materials and Methods

Study area

The state of Rio Grande do Norte is divided into four
geographic mesoregions: Agreste Potiguar, Eastern Potiguar,
Central Potiguar and Western Potiguar (IDEMA, 2011). The
animals used in the present study were from herds in the
Central Potiguar mesoregion, which has a very hot semiarid
climate, with a mean annual temperature of 27.2 °C, annual
relative humidity averaging 70% and caatinga vegetation.
This vegetation consists of scrub plants that are adapted to
the arid conditions typical of semiarid regions, with loss of
foliage during the dry season (IDEMA, 2011). This study
was conducted on farms belonging to the Sertio do Cabugi
Sheep and Goat Breeders Association (ACOSC), state of Rio
Grande do Norte.
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Animals and serum

This study was characterized as a cross-sectional study in
which the total sample size to be obtained was established as
244 animals, proportionally, from nine farms. The animals were
selected through non-probabilistic sampling. Blood samples from
goats aged between 5 months and 7 years were collected on nine
meat and dairy goat farms. The animals were tagged and identified
in individual records containing the following information:
animal identification number, age, breed and sex. The animals
were classified into four age groups: 6-12 months (22.1%), 13-
24 months (21.7%), 25-33 months (15.2%) and > 34 months
(41%). Among the goats evaluated, 88.5% were pure breed and
11.5% crossbreed (resulting from crossing different breeds).
Blood collection was performed in the goat herd simultaneously
with application of a questionnaire. Blood was drawn through
the jugular vein using Vacutainer® vacuum blood collection
tubes without sterile anticoagulants. The tubes were packed in
a Styrofoam box containing gel ice packs and were taken to the
Laboratory of Malaria and Toxoplasmosis Biology (LABMAT), in
the Department of Microbiology and Parasitology at the Federal
University of Rio Grande do Norte. The serum was separated by
means of centrifugation (444 x ¢ for 5 minutes) and was stored
at —20 °C until use.

Antigen

Tachyzoites (7. gondii RH 88 strain) were harvested from
the peritoneum of Swiss mice that had been inoculated one
week previously with 10° or 10* tachyzoites by means of the
intraperitoneal route (i.p.). Soluble tachyzoite antigen (STAg) for
ELISA was prepared by resuspending tachyzoites in phosphate
buffered saline (PBS) at pH 7.2 and sonication in ice-water, in
accordance with the protocol described by Elsaid et al. (2001).
After centrifugation at 4 °C (998 x g for 10 min) the supernatant
was collected and stored as aliquots at —20 °C until use. The
protein concentration was determined in accordance with the

Lowry method (LOWRY et al., 1951).

ELISA assay

ELISA was performed as described by Vitor et al. (1999) with
slight modifications. Briefly, flat-bottomed 96-well polystyrene
microplates were sensitized using 100 pL of STAg in each well,
at a concentration of 1 pg/ml. Goat serum samples were diluted
in PBS-T (Tween-20 at 0.05% in PBS at pH 7.2), at a dilution
ratio of 1:100 in duplicate, and 100 pL was distributed into each
well, followed by incubation at 37 °C for 45 minutes. Then, 100
pL of anti-goat IgG immunoglobulin labeled with peroxidase
(SIGMA, product A-5420) diluted at 1:5000 in PBS-T was added
to each well and incubated for 45 minutes at 37 °C. The reaction
was viewed using ortho-phenylenodiamine and was stopped with
4N-H,SO,. The absorbance was read at 490 nm on a BIORAD
microplate reader, model 3550. The cutoff point for ELISA was
the mean absorbance of three serum samples from 7. gondii-
negative goats plus three standard deviations, tested in each plate.
The mean from the serum samples tested in triplicate was divided
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by the plate cutoff point in order to determine the reactivity index
(RI). Serum samples with RI = 1 were considered positive.

I¢G avidity ELISA

In parallel with conventional ELISA, an additional ELISA was
performed to evaluate IgG antibody avidity in samples that had
previously been subjected to conventional ELISA testing, using
urea as a dissociating agent for the antigen-antibody bond. This
test is an indicator of recent or chronic infection. The technique
was carried out in accordance with the protocol described by
Clementino et al. (2007). The microplates were sensitized as
previously described. The serum samples were assayed in two
duplicate series on the same plate: the samples in columns 1 to 6
on each plate were the same as those processed in columns 7 to
12. After incubation, a series of three washes was performed. In
the first, one series (columns 1 to 6) was washed with PBS-T
(100 uL /well) and the other (columns 7 to 12) with 6M urea in
PBS-T (100 ul/well), under stirring for 5 minutes. The remaining
two washes were carried out with PBS-T (100 pL/well) under
stirring, also in two 5-minute cycles. Next, 100 pL of conjugate
was added to each well. From this point onwards, the procedure
was identical to that described for conventional ELISA.

The avidity of IgG antibodies is calculated as the ratio between
the mean absorbance for each serum sample obtained in wells
treated with urea (AU) and the mean absorbance of untreated wells
(A), expressed as a percentage: AU/A x 100 [11]. According to
Suaréz-Aranda et al. (2000), avidity values > 50% indicate chronic

toxoplasmosis, while values < 50% suggest recent infection.
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Ethical approval

This study was approved by the Ethics Committee of the
Federal University of Rio Grande do Norte (UFRN), Natal, RN,
Brazil (CEUA 043/2010).

Statistical analysis

A database was generated using the EpiData version 2.1
software and statistical analyses were performed using the Stata
Statistical software, version 10 SE. The frequencies of 7. gondii
and low and high-avidity IgG antibodies were correlated with sex,
age, breed and municipalities using the chi-square test. Univariate
analysis was used to quantify the association between risk factors
and infection by 77 gondii, using logistic regression.

Potential risk factors were assessed by calculating the risk
through odds ratios with 95% confidence intervals (CI). A
significance level of 0.05 was chosen.

Results

In this study, females predominated (91.8%), since the farms
produced both milk and meat for subsistence consumption and/
or for marketing in the region.

Out of the 244 goat serum samples analyzed, 47.1%
(115/244) were considered reactive for Toxoplasma gondii,
according to ELISA testing. Table 1 shows seropositivity according
to gender, age, breed and municipalities. Evaluated proportionally,
the percentage of positive males was similar to that observed for

Table 1. Distribution of serum reactivity anti-Zoxoplasma gondii IgG antibodies among goats in relation to the variables of sex, age, breed,
municipality and farm from the Sertdo do Cabugi region of the state of Rio Grande do Norte, Brazil.

) ELISA assay
Variable %) — %) Total X2 I
Sex Male 9(3.7) 11 (4.5) 20 0.04 0.84
Female 106 (43.4) 118 (48.4) 224
Age <12 31 (12.7) 23 (9.4) 54 17.04 0.0007
13- 24 17 (7) 36 (14.7) 53
25-33 10 (4.1) 27 (11.1) 37
> 34 57 (23.4) 43 (17.6) 100
Breed Pure 98 (40.1) 118 (48.4) 216 2.34 0.12
Mixed 17 (7) 11 (4.5) 28
Municipalities i) 42 (17.2) 82 (33.7) 124 19.68 0.0002
AG 25 (10.2) 11 (4.5) 36
PA 19 (7.8) 12 (4.9) 31
AB 29 (11.9) 24 (9.8) 53
Farms BV 4 (1.64) 9(3.7) 13 45.2 0.0001
SG 12 (5) 2(0.8) 14
DI 14 (5.7) 48 (19.7) 62
SR1 12 (5) 23 (9.4) 35
BN 25 (10.2) 11 (4.5) 36
RF 9(3.7) 7 (2.9) 16
AF 10 (4.1) 15
SR2 21 (8.6) 9 (3.7) 30

The percentage is in relation to the total number of animals evaluated in this study (244 animals).
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the females. The results showed that the positivity rate increased
with the age group (p < 0.0007). Regarding breed, 40.1% of the
pure breed and 7% of the crossbreed goats were positive; however,
from proportional analysis within the respective groups, there was
no statistical difference.

Seropositivity frequency among the goats varied significantly
between 11.8 and 17.2% according to the municipality
(p=0.0002). In relation to the farms, the results showed that there
was a positive association between this variable and the presence
of anti-7 gondii antibodies (p = 0.0001).

The IgG avidity ELISA test was conducted to determine the
avidity of IgG antibodies in the serum samples from 115 positive
goats. Of these, 103 samples presented high-avidity IgG antibodies
(chronic infection) and 12 had IgG antibodies with low avidity
(acute infection). Compared with the total number of animals
studied (244), 42.2% of them were probably in the chronic phase
and 4.9% in the acute phase. Analysis on the correlation between
the avidity of anti- 7. gondii IgG antibodies and the variables of
age, breed, sex and municipality using the chi-square test showed
that there was a statistically significant difference in relation to
sex (p < 0.05). Female goats had higher-avidity IgG antibodies
than those of male goats. No statistical difference was found for
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the remaining variables (p > 0.05). These data are summarized
in Figure 1.

Discussion

Toxoplasmosis is an important worldwide zoonosis and small
ruminants are a significant part of the epidemiological chain. In
the light of the importance of products of goat origin as a human
food source, contamination of such products by the protozoon
Toxoplasma gondii when they are inadequately prepared can lead
to public health problems in the form of toxoplasmosis. This
infection is often neglected in developing countries, thus resulting
in reproductive and economic losses among herds, particularly
in rural and semi-rural areas (CAVALCANTE et al., 2008;
BEZERRA etal., 2013).

This is the second study to investigate toxoplasmosis among
goats in the state of Rio Grande do Norte. The first, conducted
by Neto et al. (2008) in the Eastern Seridé region, found that
the seroprevalence for toxoplasmosis was 30.6%. Recently,
our group observed seroprevalence of anti-7. gondii antibodies
of 22.1% among sheep in the same State, and the age of the
animals, presence of cats and use of unexposed water sources

were risk factors for toxoplasmosis in sheep (CLEMENTINO

/

28/31 15/17 57

7/10
3/10
3/31 217 457
<12 13-24 25-33 >34
Age (months)
24/25

17/19 27129 @

2119 2129

LJ AG PA AB
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Figure 1. Avidity frequency obtained from 115 goats that were positive for Toxoplasma gondii, in relation to sex (A), age (B), goat breed (C)
and municipality in the Sertao do Cabugi region (D), Rio Grande do Norte state, Brazil. Low avidity (gray bars), high avidity (black bars);
numbers above the bars represent the absolute values. L] = Lajes; AG = Angicos; PA = Pedro Avelino; AB = Afonso Bezerra.
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ANDRADE et al., 2013). This value is close to those of previous
observations in the same state: 29.4% and 20.7% of the sheep
tested positive in the municipalities of Lajes and Mossor6,
respectively (CLEMENTINO etal., 2007; SOARES et al., 2009).
This finding fact is very important because sheep and goat farming
is the main livestock activity in Rio Grande do Norte, and thus
has a high socioeconomic impact.

Variation in seroprevalence is evident in Brazil, as demonstrated
by several studies carried out in Bahia (UZEDA etal., 2004), Cear4
(CAVALCANTE et al., 2008), Minas Gerais (CARNEIRO et al.,
2009), Alagoas (ANDERLINI etal., 2011), Paraiba (SANTOS etal.,
2012) and Fernando de Noronha (COSTA et al., 2012), with a
range from 16.4 to 81.8%. The differences observed may be due
to a variety of factors: sampling of animals evaluated, presence or
absence of cats on farms, climatic conditions, types of management
and different diagnostic techniques used.

In the present study, the seropositivity rate was unrelated to the
sex of the goats. This result has been corroborated by other studies,
in which it was also found that there was no significant association
between sex and the presence of anti-7. gondii antibodies
(CAVALCANTE et al., 2008; CARNEIRO et al., 2009).
Other studies have suggested that females are more vulnerable
to T. gondii than males are (UZEDA et al., 2004; ACICI et al.,
2008; ZEWDU et al. 2013). This probably occurs as a result of
possible immunosuppression related to pregnancy and lactation
(UZEDA et al., 2004), as well as the type of management, since
dairy females are subject to intensive husbandry in many regions
of northeastern Brazil (SILVA et al., 2003). The animals were
also grouped into two categories: pure and mixed breed. In this
case, there was no statistical significance regarding prevalence.
This finding is corroborated by studies conducted in the state of
Ceara (CAVALCANTE et al., 2008). However, this differs from
the results published by Carneiro et al. (2009), who found that
exploitation of pure-breed goats gave rise to twice the chance of
infection, compared with undefined breeds or crossbreed goats.

With regard to age, a significant difference in reactivity was
recorded among animals older than 34 months, which exhibited higher
reactivity rates than younger goats, thus suggesting greater likelihood
of becoming infected, since these animals will have been exposed to
the etiological agent for longer time periods (CAVALCANTE et al.,
2008; CARNEIRO et al., 2009; ZEWDU et al., 2013). However,
our results differ from those of Uzéda et al., who did not observe
any significant difference in relation to age (UZEDA et al., 2004).

A significant difference was recorded between the four
municipalities investigated. The high percentage of 7 gondii-
reactive goats in the municipalities of Lajes, Angicos and Afonso
Bezerra can be explained by the resistance of oocysts in the
environment, associated with a large degree of genetic diversity
(RAGOZO et al.,, 2010). The mean annual temperature and
rainfall in the municipalities analyzed, though substantially
different from what is seen in locations where oocysts remain
viable for over a year, also favor the development and maintenance
of T gondii oocysts in the environment (DUBEY & BEATTIE,
1988). A temperature of 25 °C is considered ideal for oocyst
sporulation. It has also been reported that the proportions
of T gondii-positive goats are smaller in regions with lower
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temperatures than in those with higher temperatures (FRENKEL
& DUBEY, 1973).

High IgG avidity is a good predictive tool for defining whether
acute toxoplasmosis (primary infection) occurred no less than four
months previously. However, a definite diagnosis of acute toxoplasmosis
cannot be made based only on low or intermediate avidity; since there
is substantial inter-individual variation in maximum persistence of
low avidity. This means that avidity testing is an additional tool that
can be used to define the minimum time period that has elapsed since
infection, in the case of elevated values (HEDMAN etal., 1989). Thus,
IgG avidity was assessed among the positive animals in this study in
order to diagnosis acute or chronic toxoplasmosis. Our results indicated
that most of the serum samples examined displayed high-avidity
antibodies, thus suggesting that most of the animals were chronically
infected with 7. gondii. These findings were similar to those observed
in the state of Minas Gerais (CARNEIRO et al., 2009).

The variables of sex, age, breed and municipality were also
analyzed with regard to the avidity of IgG antibodies. Only sex
demonstrated a significant association, thus differing from the
results found by Carneiro et al., who reported that there was no
correlation between sex and the presence of anti-7 gondii IgG
antibodies (CARNEIRO et al., 2009). Although the number of
males evaluated in our study was small, we cannot rule out the
possibility that the differences between male and female hormones
play an important role in determining susceptibility to parasite
infection. It has been reported that estrogen increases antibody
production and androgens suppress both T cells and B cells,
thereby modulating the immune response (DA SILVA, 1999).

With regard to location, large percentages of high-avidity
antibodies were found in all municipalities, thus indicating that
the animals in Sertdo do Cabugi were subject to early exposure
to the parasite. On the other hand, a breeding system combining
extensive/semi-intensive management is common in this region and
may lead to greater likelihood of contact with sporulated oocysts in
pastures, among these animals. In other similar studies, the higher
prevalences verified in goat herds were associated with the presence
of high-density populations of cats (CAVALCANTE et al., 2008).

The frequency observed in this study confirms that this
parasite has spread to the main goat-producing region of Rio
Grande do Norte. This has had a great impact on the development
of the goat production system and, at the same time, it imposes
a burden with regard to human health, mainly in relation to
consumption of unprocessed milk. There is a need to develop new
strategies in order to prevent horizontal transmission to humans.
The prospects for toxoplasmosis control may involve vaccine
development, which has been studied by our group, based on

the GRAs and SAGs proteins.
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