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ABSTRACT. The objective of this study was to verify whether
Toxoplasma gondii is excreted in the milk of naturally infected sheep.
In order to accomplish this, 275 lactating ewes were used; these were
bred extensively in 17 estates distributed across nine cities. Polymerase
chain reaction amplification was used to detect 7. gondii DNA in milk
samples, and the indirect immunofluorescence test was employed
for the detection of anti-7. gondii IgG antibodies in the sera, with
a cut-off value of 1:64. It was possible to verify the presence of the
parasite DNA in 6.5% (18/275) of the studied animals. Anti-7. gondii
antibodies were present in 41.5% of the animals studied (114/275).
There was no correlation between parasite excretion in milk and the
presence of IgG in 38.9% of the studied animals (7/18). The high
seropositivity and the presence of parasite DNA in the milk led to the
conclusion that 7. gondii infection is present in the sheep population
in southern and southwestern Bahia, and that there is a risk of the
human population becoming infected due to the consumption of raw,
in natura milk.
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INTRODUCTION

Toxoplasmosis is a zoonotic disease caused by the coccidian protozoan Toxoplasma
gondii. The definitive hosts for the parasite consist of members of the Felidae family (Dubey,
1998), and the intermediate hosts are homeothermic animals including farm animals such as
birds (de Oliveira et al., 2009), goats (Ragozo et al., 2009), cattle (Fajardo et al., 2013), pigs
(Bezerra et al., 2012), and sheep (Edwards and Dubey, 2013). When humans consume raw or
undercooked animal tissue, this protozoan can enter into their systems and cause infection.

In the case of sheep, infection is particularly significant as it can cause reproductive prob-
lems (Pereira-Bueno et al., 2004) ranging from fetal abnormalities and weak offspring to still-
births and miscarriages; these are considered to be the main consequences of infection by 7. gon-
dii (Buxton et al., 2007). Consequently, infection in sheep results in considerable economic losses.

The excretion of 7. gondii in milk has already been confirmed in several animal species
such as goats (Vitor et al., 1991), dogs (Bresciani et al., 2001), cats (Powell et al., 2001), camels
(Ishag et al., 2006), and mice (Costa and Langoni, 2010). In 2009, Jones et al. (2009) identified
that the consumption of unpasteurized goat’s milk posed a risk factor for 7 gondii infection in
humans. To our knowledge, only two studies have demonstrated the presence of the DNA of the
parasite in sheep’s milk (Fusco et al., 2007; Camossi et al., 2011). This validates the possibil-
ity of tachyzoite ingestion through consumption of in natura milk, which has been frequently
observed in rural estates. Thus, the aim of this study was to ascertain whether 7. gondii DNA is
excreted in the milk of naturally infected sheep in southern and southwestern Bahia.

MATERIAL AND METHODS
Region of study

The study was performed between August 2012 and March 2014 and involved 275
lactating sheep from 17 rural estates in the Southwestern and Southern mesoregions of Bahia
registered in the Cooperative of Sheep and Goat Producers of South Bahia (COOPERVINO),
and distributed throughout the nine cities with the greatest ovine populations: Canavieiras,
Ilhéus, Itabuna, Ibicarai, Itacaré, Uruguca, Itapé, [tamb¢, and Macarani. All cities included in
the study have a tropical climate with high and consistent rainfall throughout the year.

Blood and milk sample collection

Blood samples were collected from all lactating animals by puncturing the jugular
vein. The sera were separated by centrifugation and stored at -20°C until use. Milk samples of
approximately 10 mL were collected by manual milking of the sheep teats. The samples were
then packaged and stored at -20°C until use. The study was approved by the Santa Cruz State
University Ethics Committee for the Use of Animals (CEUA-UESC 031/09).

Detection of antibodies

Serum samples were tested for IgG antibodies against 7. gondii by an indirect im-
munofluorescence test (IFAT) using F-7634-conjugated antibodies (Sigma-Aldrich, St. Louis,
MO, USA) considering a 1:64 cut-off value (Guimaraes et al., 2013). Negative and positive (1
x 10° experimentally inoculated tachyzoites of the 7. gondii RH strain in a 6-month-old sheep)
control sera were used for all the slides.
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DNA extraction from milk samples

A 200-pL aliquot of milk was used for DNA extraction using protocol number 8 from
the Easy-DNA® Kit (Invitrogen, Carlsbad, CA, USA). After extraction, the DNA samples
were quantified (NanoDrop, Thermo Scientific, Waltham, MA, USA), their purity checked
(A260/A280), and their concentrations adjusted to 50 ng/uL. The integrity of the DNA was
evaluated on a 2% agarose gel stained with ethidium bromide (0.5 pg/mL). The DNA was
stored at -20°C pending subsequent polymerase chain reaction (PCR) analysis.

T. gondii DNA amplification

The 7. gondii DNA within the isolated DNA samples was amplified using the method
described by Homan et al. (2000). Tox4 (5'-CGC TGC AGG GAG GAA GAC GAA AGT
TG-3") and Tox5 (5'-CGC TGC AGA CAC AGT GCA TCT GGA TT-3') were used as prim-
ers to amplify a 529-bp fragment from the 7. gondii DNA. PCR was performed using 4 pL
extracted DNA added to a 21-pL mixture containing 6.8 pL ultrapure water, 6.0 uL buffer for
the Tag DNA Polymerase, 3.0 mM of each primer, 1.0 mM dNTPs, 1.0 mM MgCl,, and 0.2
U Platinum® Taq DNA polymerase (Invitrogen). The amplification of the parasite DNA was
performed in a thermal cycler (Applied Biosystems, Foster City, CA, USA). The reaction
consisted of 35 cycles with the following conditions: 5 min at 94°C for denaturation, followed
by 35 cycles at 94°C for 1 min for denaturation, 1 min at 60°C for annealing, and 1 min at
72°C for extension, followed by a final extension step of 7 min at 72°C. The products from
each PCR were then subjected to electrophoresis on a 2% agarose gel, stained with ethidium
bromide, and photodocumented. Tachyzoite DNA from the 7. gondii RH strain was used as a
positive control and ultra-pure water was used as a negative control.

RESULTS

T. gondii DNA was found in the milk samples of 6.5% (18/275) of the animals and from
35.3% (6/17) of the estates. Antibodies against 7. gondii were detected in 41.5% (114/275) of
the animals, and all the estates had at least one animal with anti-7. gondii antibodies in its
serum. In 38.9% (7/18) of the animals whose milk samples tested positive for 7" gondii DNA,
the results of the serology tests were also positive. The distribution of DNA and IgG antibodies
across the cities is presented in Table 1.

Table 1. Distribution of the percentage of positive PCR animals and the presence of IgG anti-Toxoplasma
gondii antibodies in naturally infected sheep in the Southwestern and Southern mesoregions of Bahia.

Cities (N) T. gondii PCR N/total (%) T. gondii IFAT N (%)
Canavieiras (15) 0 1(6.7)
Ibicarai (17) 0 7(41.2)
Ilhéus (52) 9/18 (50) 21 (40.4)
Itacaré (35) 4/18 (22.2) 20 (57.1)
Ttapé (35) 0 6(17.1)
Uruguca (67) 5/18 (27.8) 20 (29.9)
Itabuna (22) 0 12 (54.5)
Itambé (23) 0 20 (87)
Macarani (9) 0 7(77.8)
Total (275) 18 (6.5) 114 (41.5)
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DISCUSSION

The prevalence of 7. gondii that was determined in this study (6.5%) was greater than
that determined by Fusco et al. (2007) in Italy (3.4%) and that determined by Camossi et al.
(2011) in the Botucatu region, Sao Paulo State, Brazil (5.03%). Although the results of the Bra-
zilian study are similar to ours, the Botucatu region had a relatively low level (18.6%) of anti-7.
gondii antibodies in their tested sheep (Langoni et al., 2011), highlighting the fact that these
animals might have been less exposed to the parasite than were those in Bahia. The microregion
under current study has an extensive population of wild and domestic cats. The climatic char-
acteristics, such as yearlong conditions of stable humidity, temperature, and precipitation, also
contribute to the prevalence of 7 gondii in this region as they are ideal for the parasite.

In the six estates that had animals that tested positive for the presence of 7. gondii
DNA, the owners reported the presence of a feline population, which was confirmed through
observation during the collections. In addition, the breeding system found at these farms was
extensive, allowing the animals to graze throughout the entire day. This might have increased
the possibility of them having come into contact with oocysts of 7 gondii, the main source of
infection in sheep (Dubey, 2009).

The concurrent presence of anti-7. gondii 1gG antibodies and the DNA of the proto-
zoan in milk was observed in 38.9% (7/18) of the cases. Ovine females experience a fall in
immunity during pregnancy (Roberts et al., 2001), mainly during their periparturient period,
thereby allowing the reactivation of tissue cysts and the release of tachyzoites, which can lead
to milk contamination (Camossi et al., 2011). IgG could be detected within 1-2 weeks after
infection, with a peak between 1-2 months after infection; the IgGs persist lifelong at levels
that decline gradually (Montoya, 2002). Hence, we believe that some animals that were sero-
negative despite the detection of 7. gondii DNA in their milk (61.1%; 11/18) could have been
in the early stages of infection, when their IgGs were not present at sufficiently high levels to
be detectable by the test method used.

The excretion of 7. gondii DNA in the milk of naturally infected sheep was verified
in this study; however, parasite integrity and its infectious potential when it is present in milk
have still not been extensively studied. To date, although some studies have been performed
to establish an association between human clinical toxoplasmosis and the ingestion of goat’s
milk (Chiari and Neves, 1984; Jones et al., 2009), no such studies have been performed for
sheep. In rural estates, particularly in the study area, milk is widely consumed in natura as
a food source for families due to its high protein value, making it economically important
(Camossi et al., 2011). Therefore, further investigation is required to assess the risk of human
infection from consumption of the milk of infected sheep bred in these areas.
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