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SUMMARY

The aim of this study was to determine the seroprevalence of Toxoplasma gondii infection in free-
range chickens from Uberlândia, Minas Gerais state, Brazil, and characterize the genotypic and
phenotypic features of two isolates of this parasite, considering the importance of these hosts in the
epidemiology of toxoplasmosis. Serum samples from 108 free-range chickens were obtained from ten
different districts, and submitted to the modified agglutination test (MAT) for the presence of anti-
T. gondii antibodies, and brain and heart tissue samples from infected chickens were processed for
mouse bioassay. An overall seroprevalence of 71·3% was found and antibody titres ranged from 16 to
4096. After confirmation of seropositivity by mouse bioassay, the determination of the T. gondii
genotypes of two isolates was performed by PCR–RFLP, using primers for the following markers:
SAG1, SAG2, SAG3, BTUB, GRA6, c22–8, c29–2, L358, PK1, new SAG2, Apico and CS3. These
T. gondii isolates, designated TgChBrUD1and TgChBrUD2, were obtained from heart samples of
free-range chickens. The TgChBrUD1 isolate belonged to ToxoDB PCR–RFLP genotype 11 and the
TgChBrUD2 isolate belonged to ToxoDB PCR–RFLP genotype 6. Both isolates demonstrated high
virulence in a rodent model, with the TgChBrUD1 isolate able to induce brain cysts, in accord with
its pattern of multiplication rates in human fibroblast culture. Taken together, these results reveal
high prevalence of T. gondii infection in free-range chickens throughout Uberlândia, indicating an
important degree of oocyst environmental contamination and the existence of considerable risk for
T. gondii transmission to humans by consumption of free-range chicken as a food source.
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INTRODUCTION

Toxoplasma gondii is an obligatory intracellular para-
site of the phylum Apicomplexa with a worldwide

distribution. This parasite infects all warm-blooded
animals and causes opportunistic disease in humans.
T. gondii has a complex life-cycle with an asexual
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phase in intermediate hosts and a sexual phase, not
obligatory, occurring exclusively in the epithelial
cells of the cat intestine [1]. Brazil has a very high
rate of T. gondii infection in humans. Up to 50% of
elementary school children and 50–80% of women
of child-bearing age have antibodies to T. gondii.
Furthermore, the risks for uninfected women to ac-
quire toxoplasmosis during pregnancy and fetal trans-
mission are high because the environment is highly
contaminated with oocysts [2]. Toxoplasmosis is
asymptomatic in most infected people, as the infection
remains latent for an indeterminate time, except when
some circumstances lead to an immunity impairment,
which may result in reactivation of the infection [3].
Even though this disease is normally asymptomatic,
there are immunocompetent patients that can present
non-specific symptoms like lymphadenopathy, fever,
muscle pain, fatigue, and headache. Serious cases of
toxoplasmosis may occur in immunosuppressed
patients or in congenitally infected newborns [1].
Toxoplasmosis can be acquired by consuming raw
or undercooked meat containing bradyzoites within
tissue cysts from infected animals such as pig, chicken,
sheep, cow, and others, or by ingesting oocysts shed
into the environment which contaminate soil or
water, vegetables and fruits, or by transplacentary
transmission [1].

The most likely source of T. gondii is food con-
sumption of raw or undercooked meat contaminated
with tissue cysts. Brazil is among the largest produ-
cers and exporters of chicken meat in the world
[4], and there is a new trend in the production of
free-range organic meat that could increase the risk
of T. gondii contamination [5]. In the USA and
Europe, it is estimated that toxoplasmosis is one of
the main causes of death by foodborne pathogens
[6, 7]. However, the pathogenicity is determined by
several factors, including host susceptibility, the
inoculum, strain virulence and parasite stage at the
time of infection [8].

Research on T. gondii population structure has been
conducted worldwide. T. gondii was previously con-
sidered clonal with very low genetic variability with
three genetic types (I, II, III) in North America and
Europe. Although differences among these three gen-
otypes at genome sequence level is lower than 1%,
they have markedly different virulence phenotypes in
mice, with type I strains uniformly lethal in outbred
mice with LD100 = 1. In contrast, types II and III
strains are significantly less virulent with LD50

5103–105 and LD50 > 105, respectively [9]. Recently,

a fourth clonal type has been characterized in North
America [10]. There is evidence suggesting that
T. gondii clonal lineages are present in Europe, with
type II being most prevalent. In South America,
T. gondii isolates from a variety of animals from
different geographical areas were intensively studied
and high genetic variability was revealed based on
restriction fragment length polymorphism (RFLP)
associated to polymerase chain reaction (PCR)
[9, 11]. Different studies with animals (most samples
isolated from chickens, cats, dogs, goats, sheep, capy-
baras) revealed highly diverse populations [12–15]. In
Brazil, various studies with T. gondii isolates from
many animals from different geographical areas
have shown that multiple isolates express high genetic
diversity [16]. The three most common genotypes were
6, 8 and 11 and these major genotypes were previously
designated as type BrI, BrIII and BrII, respectively
[16, 17]. Analysis of mortality rates in infected mice
indicated that type BrI is highly virulent, type BrIII
is non-virulent, while type BrII and BrIV lineages
are intermediately virulent [17].

Considering that there has been no previous study
in free-range chickens in Uberlândia city, state of
Minas Gerais, Brazil, as an indicator of soil contamin-
ation with T. gondii oocysts and the potential risk of
infection by this parasite to humans by ingestion of
this traditional food source, the main purpose of the
present study was to isolate and characterize T. gondii
occurring in this host by multilocus PCR–RFLP to
better understand the epidemiology of toxoplasmosis
in this city.

MATERIALS AND METHODS

Free-range chicken sample collection

This cross-sectional study was carried out in
Uberlândia (18° 54′ 40·70″ S, 48° 15′ 43·89″ W),
located in the Triângulo Mineiro, Southwestern region
of the state of Minas Gerais, Brazil (Fig. 1a,b), which
has a population of approximately 604 103 inhabi-
tants and 4 675 753 head of poultry according to the
IBGE census of 2010 [18]. In the absence of any previ-
ous studies on chicken toxoplasmosis inMinas Gerais, a
50% expected prevalence (p) and a 90% confidence inter-
val (Z= 1·645) with a 10% desired absolute precision (d)
was considered necessary to arrive at the required sample
size, using the formula: n= p(1− p)Z2/d2 [19]. The sam-
ple size calculated was n= 68 and was increased for
better accuracy. Serum samples from 108 free-range
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chickens (Gallus domesticus) were obtained in ten
different districts of this city, eight of which were located
in the urban area (Centro, Martins, Patrimônio,
Lagoinha, Luizote, Campo Alegre, Morumbi, Capim

Branco) and two in the suburban area (Valparaíso,
Morada Nova) (Fig. 1c). Blood samples were collected
from the wing vein and sera were stored at −20 °C
until required for serological assay.

Fig. 1. Location of the city where free-range chickens were sampled in the present study. Uberlândia is shown in the
continent (a), followed by its position on the map of Brazil and in the state of Minas Gerais (b). The districts where the
animals were sampled are also represented (c). (Source: Uberlândia City Council, 2015.)
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Modified agglutination test (MAT)

Sera from chickens were tested for anti-T. gondii anti-
bodies using the MAT, as described previously [13].
Antigen preparation consisted of tachyzoites collected
from peritoneal exudate of Swiss mice previously
infected with T. gondii RH strain. Parasite suspensions
were washed four times (centrifugation at 720 g for 10
min at 4 °C) with phosphate-buffered saline (PBS; pH
7·2) and then fixed with 6% formalin under agitation
for 12 min at 4 °C. After a newwashing cycle, the para-
sites were quantified (1·2 × 108 tachyzoites/ml) and
stored in carbonate buffer (pH 8–9) added from 2·8
mM β-mercaptoetanol and 0·004% Evans Blue. After
the homogenization, the antigen was added (25 µl/
well) to 96-well U-shaped microplates, followed by
the addition (v/v) of the serum samples diluted twofold
from1:16 to 1:16·384 in PBS. The plateswere incubated
at 37 °C in a humid chamber for 12 h. As controls,
human andmouse positive and negative serum samples
were included in each reaction. The results were ana-
lysed considering as positive samples the presence of
agglutination of the parasites and the formation of
a button with defined contour for the negative samples.

Peptic digest of chicken tissues

Samples of brain and heart from seropositive chickens
were collected and processed in accordance with a
protocol described previously [20]. Samples were cut
in small pieces, after adding 0·15 m NaCl to process
the tissue homogenization. The same volume of
0·5% acid pepsin (pH 1·1–1·2) was added to the pre-
warmed (37 °C) homogenate and incubated at 37 °C
for 1 h under gentle shaking. The resulting prepar-
ation was filtered through two layers of gauze and cen-
trifuged at 800 g for 10 min. The supernatant was
discarded and the sediment was homogenized in
PBS containing 25 µg/ml gentamycin, and further
used in mouse bioassay.

Mouse bioassay

Processed brain and heart samples were inoculated
(1 ml volume) in six mice (three for each sample) by
the subcutaneous route. The animals were observed
daily for mortality and serum samples were collected
at 15, 30 and 60 days after inoculation to evaluate sero-
conversion by immunoenzymatic assays (ELISAs).
Serum samples were also collected prior to the inocula-
tion and served as negative control sera.

Mouse seroconversion assay

ELISAs were performed to evaluate the serocon-
version of the mice used in bioassay experiments,
as described previously [15], with modifications.
Microtitre plates of polystyrene were coated with sol-
uble antigen of T. gondii (10 µg/ml) in 0·06 m carbon-
ate buffer (pH 9·6) overnight at 4 °C. The plates were
washed three times with 0·05% PBS plus Tween 20
(PBS-T) and serum samples were added in duplicate,
diluted 1:16 in PBS-T containing 5% non-fat milk
(PBS-TM). After incubation for 1 h at 37 °C, the plates
were washed six times with PBS-T and incubated with
the anti-mouse IgG/peroxidase conjugate (Sigma
Chemical Co., USA) diluted 1:2000 in PBS-TM for
1 h at 37 °C. After a new cycle of washing, the assay
was developed by adding the enzyme substrate con-
sisting of 0·03% H2O2 in chromogenic buffer
(o-phenylenediamine – 1·0 mg/ml in 0·1 m citrate-
phosphate buffer; pH 5·0). After incubation for 10
min at room temperature, the reaction was stopped by
adding 2 N H2SO4. The optical density (OD) was read
in a plate reader at 492 nm (Titertek Multiskan Plus,
Flow Laboratories, Switzerland). Three positive and
three negative control sera were included in each
plate. The cut-off for a positive test was determined as
the mean OD of negative control sera plus 3 standard
deviations. Antibody titers were arbitrarily expressed
as ELISA indexes (EI), according to the formula EI
(%) =ODsample/cut-off × 100, as describedpreviously
[21]. EI values >1·1 were considered as positive.

Isolation of T. gondii

Brain from seropositive mice was collected and homo-
genized for the detection of tissue cysts and the peri-
toneal exudates were analysed for the presence of
free tachyzoites by light microscopy. Brain samples
containing cysts were inoculated by the intraperito-
neal route (30 and 50 cysts) in six Swiss mice (three
animals per dose). Tachyzoites of TgChBrUD1 and
TgChBrUD2 strains were obtained initially from peri-
toneal exudates of previously infected Swiss mice and
then maintained by serial passage in human foreskin
fibroblast (HFF, ATCC no. CRL-1635, USA), in
RPMI 1640 medium (Sigma Chemical Co.) in order
to obtain the necessary numbers of parasites for gen-
etic characterization. After total cell lysis, tachyzoites
were collected, washed in PBS, filtered on 3 µm poly-
carbonate membrane (Millipore, France) and stored
at −70 °C until genotyping. HFF cells infected with
T. gondii isolates were also stored in liquid nitrogen.
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Extraction of T. gondii genomic DNA

The extraction of DNA was performed following a
protocol described previously [2]. Frozen tachyzoites
were homogenized in PBS with 50 µl of extraction buf-
fer (10 mM Tris–HCl, 100 mM NaCl, 25 mM EDTA,
1% SDS, 0·4 mg/ml proteinase K) and incubated over-
night at 37 °C under gentle stirring. Next, phenol buf-
fer was added to the sample (v/v) and centrifuged at
12 000 g for 5 min. The supernatant containing the
aqueous phase was retrieved. To precipitate the
extracted DNA, propanol (v/v) was added, homoge-
nized, and incubated overnight at −20 °C. The sam-
ples were centrifuged at 12 000 g for 25 min at 4 °C,
and the sediments were saved and added from 70%
ethanol, repeating this step twice. The processed
DNA samples were allowed to dry completely at
room temperature, homogenized with 0·01 M

Tris-EDTA (1/10), incubated at 56 °C for 10 min
and stored at −20 °C until the amplification process.

Phenotyping of T. gondii isolates

Mice (Swiss, BALB/c and C57BL/6), gerbil (Meriones
unguiculatus) and Cricetidea (Calomys callosus) were
intraperitoneally inoculated with 102 tachyzoites
from each T. gondii isolate with the purpose of deter-
mining the morbidity and the mortality indices in
these animals in order to establish a comparison be-
tween the parasite virulence and burden in these
animals.

Genotyping of T. gondii isolates

The determination of T. gondii genotypes in the
obtained isolates was performed as described previ-
ously [22] by PCR, using primers for the three-way
markers (SAG1, SAG2, new SAG2, SAG3, BTUB,
GRA6, c22–8, c29–2, L358, PK1, Apico and CS3,
for posterior analysis of polymorphismof the fragments
of restriction (RFLP), as described elsewhere [17]. After
the amplification of the fragments, the samples were
submitted to enzymatic activity with endonucleases
specific for each fraction. The endonuclease-treated
amplified product was analysed in agarose gel at 2·5%
and 3%.

Statistical analysis

The Kaplan–Meier method was used to estimate the
percentage of mice surviving at each time point and
survival curves were compared using the log-rank

test. Results were considered significant at P < 0·05.
The statistical analysis and the graphs were performed
using GraphPad Prism v. 5.0 (GraphPad Software,
USA). The profiles found after digestion with restric-
tion endonucleases were compared with the profiles
of the reference strains in a virtual database, the
ToxoDB database (www.toxodb.org). The calculation
of power sample size was performed using SigmaStat
v. 3.5 software (http://sigmastat.software.informer.
com/3.5/), and the study achieved 90% power at the
5% level.

Ethical approval

This study was approved by the Ethics Committee for
Animal Experimentation from the Federal University
of Uberlândia (CEUA-UFU), under Protocol CEUA/
UFU No. 054/11, 20 December 2011. The care of ex-
perimental animals complied with the National
Institutes of Health guidelines for the human use of la-
boratory animals. Rodents were maintained in indi-
vidual cages at animal facilities from this institution,
and received food and water ad libitum.

RESULTS

Detection of seropositive free-range chickens

Antibodies against T. gondii were found in 77 (71·3%)
of 108 serum samples, with antibody titre 516 as
determined by MAT. The antibody titres varied
from 16 to 4096, but the titre most frequently found
was 32 (Table 1). Six seropositive chickens were
selected for the isolation and genetic characterization
of T. gondii based on the presence of antibody titres
varying from 64 to 512.

Isolation of T. gondii from free-range chickens

Two T. gondii isolates were obtained from six sero-
positive chicken samples bioassayed in mice. T. gondii
infection was evidenced through clinical signs (respira-
tory fatigue, ruffled coat, inappetence, apathy) of the
mice used in bioassay and confirmed by seroconver-
sion of the animals inoculated with heart and brain
samples of naturally infected free-range chickens
selected for this purpose (Table 2). After 30 days in-
oculation, the serological analyses by ELISA indi-
cated the seroconversion of four mice that had been
inoculated with brain (100% mortality) and heart
(33% mortality) samples (chicken no. 808). Another
heart sample (chicken no. 880) also induced
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seroconversion (mortality) in 100% of the mice
inoculated. The two new isolates were designated
TgChBrUD1 and TgChBrUD2 (where Tg = T. gondii,
Ch = chicken, Br = Brazil, UD=Uberlândia and the
isolates were numbered according to the chronological
order in which isolation was performed).

The presence of cysts was also detected in the brain
of these seropositive animals; however, free tachy-
zoites were not found in these mouse peritoneal exu-
dates. Afterwards, the cerebral cysts were inoculated
in Swiss mice for in vivo maintenance of the isolates.
By observing the mortality and morbidity of the
mice, the constant presence of tachyzoites in the peri-
toneal exudate of these animals was noticed. The
tachyzoite forms of TgChBrUD1 and TgChBrUD2

were used to perform successive passages every 2 or
3 days via the intraperitoneal route to maintain the
isolates in an in vivo model.

Phenotyping of T. gondii isolates

Both T. gondii isolates showed different characteristics
in HFF cultures, as the time of disruption and infec-
tion of neighbouring cells. The TgChBrUD1 isolate
presented slow multiplication rate compared to the
TgChBrUD2 isolate. It was observed that 4 days
were necessary to lyse the majority of HFF cells
infected with the TgChBrUD1isolate, while this only
took 2 days in cells infected with the TgChBrUD2 iso-
late (data not shown). Additional biological features

Table 2. Toxoplasma gondii isolates in free-range chickens (Gallus domesticus) from Uberlândia, Minas Gerais,
Brazil

Chicken
identification
number District

Antibody
titre in
MAT

Mice inoculated with
brain from free-range
chickens

Mice inoculated with
heart from free-range
chickens

Mortality
range from day
post-infection

Isolate
designation

Mice,
n

Mortality
(%)

Mice,
n

Mortality
(%)

853 Morumbi 64 3 0 3 0 0 —

808 Patrimônio 128 3 3 (100) 3 1 (33·3) 45–60 days TgChBrUD1
833 Luizote 128 3 0 3 0 0 —

883 Luizote 256 3 0 3 0 0 —

880 Morada
Nova

512 3 0 3 3 (100) 30–60 days TgChBrUD2

836 Morada
Nova

64 3 0 3 0 0 —

Table 1. Antibody titres for Toxoplasma gondii determined by the modified agglutination test (MAT) in serum
samples from free-range chickens in different districts of Uberlândia, Minas Gerais, Brazil

No. of reactive
samples/no. of
tested samples

Anti-T. gondii antibody titre

District 16 32 64 128 256 512 1024 2048 4096

Martins 1/4 0 1 0 0 0 0 0 0 0
Campo Alegre 8/10 7 1 0 0 0 0 0 0 0
Capim Branco 5/6 3 1 0 0 0 0 1 0 0
Centro 7/9 2 2 2 0 1 0 0 0 0
Lagoinha 11/11 1 5 2 0 2 1 0 0 0
Luizote 5/7 1 0 1 2 1 0 0 0 0
Morada Nova 24/31 3 7 5 2 6 1 0 0 0
Morumbi 2/10 0 1 1 0 0 0 0 0 0
Patrimônio 4/10 2 1 0 1 0 0 0 0 0
Valparaíso 10/10 0 2 1 0 3 1 2 0 1
Total
(%)

77/108
(71·3)

19
(24·7)

21
(27·3)

12
(15·6)

5
(6·5)

13
(16·9)

3
(3·9)

3
(3·9)

0
(0)

1
(1·3)
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were also observed between both isolates. The
TgChBrUD1 isolate induced brain cysts in Swiss
mice after 20 days inoculation and a small amount
of free tachyzoites in the peritoneal exudate was
found after the first passage in Swiss mice. However,
the majority of animals used during the bioassay
died after 6 and 7 days inoculation, even though
they presented occasionally a small number of free
tachyzoites in the peritoneal exudate. In contrast,
the TgChBrUD2 isolate induced a high number of
free tachyzoites in the peritoneal exudate of Swiss
mice after 3, 4 or 5 days inoculation (data not shown).

When analysing the experimental infections in mice
from different genetic backgrounds, as allogenic
(Swiss) or isogenic (BALB/c or C57BL/6), survival
curves of BALB/c and C57BL/6 mice were very short,
particularly if the isolate came from TgChBrUD1
(Fig. 2a) or from TgChBrUD2 (Fig. 2b), with 100%
mortality around 10 days after infection. In Swiss
mice, however, the time to death was more prolonged,
with 100% mortality after 20 days infection with the
TgChBrUD1 isolate (Fig. 2a), compared to the
TgChBrUD2 isolate, which induced 100% mortality
after 9 days infection (Fig. 2b). Likewise, the time to
death was short in other rodents, such as gerbils
(Meriones unguiculatus) that presented 100% mortality

at around 12 days infection with either of the isolates
(Fig. 2c,d), whereas Cricetidae (Calomys callosus)
showed a slightly higher time to death (100% mortality
at 15 days infection) with the TgChBrUD1 isolate
(Fig. 2c), than theTgChBrUD2 isolate (100%mortality
at 9 days infection) (Fig. 2d).

Genotyping of T. gondii isolates

After 12 successive passages in mice, tachyzoites from
both isolates were cultured in vitro using HFF cells
and characterized through 12 genotypically different
primers. The typing analysis of the samples for the en-
zymatic activity with endonucleases was evaluated
through the bands found in the agarose gel. The isolates
differed between each other for the markers New
SAG2, BTUB, GRA6, c22–8, c29–2, PK1 and Apico.
The TgChBrUD1 isolate exhibited ToxoDB PCR–

RFLP genotype 11, also known as type BrII. The
TgChBrUD2 isolate exhibited ToxoDB PCR–RFLP
genotype 6, also known as type BrI Africa 1 (Table 3).

DISCUSSION

Studies involving the analysis strain diversity of
T. gondii have constituted an important issue in recent

Fig. 2. Survival rates among mice (BALB/c, C57BL6 and Swiss) and other rodents (Meriones unguiculatus and Calomys
callosus), inoculated with 102 tachyzoites of TgChBrUD1 (a, c) or TgChBrUD2 (b, d) isolates from free-range chickens in
Uberlândia, Minas Gerais, Brazil.
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decades. Highly abundant clonal genotypes were
found in North America and Europe, while recent
studies using multilocus markers showed high genetic
diversity in South America, where strains show greater
evidence of recombination [11]. Chickens are indica-
tors of T. gondii strain prevalence in a domestic or
peridomestic environment and several studies have
examined the distribution of T. gondii genotypes in
chickens in many countries, including Brazil [14, 23].
The yearly poultry meat consumption per capita in
Brazil is estimated to be 31·66 kg and the importance
of these studies is because the toxoplasmosis patho-
genicity is also determined by T. gondii strain viru-
lence, with repercussions for the quality of life in the
population, among other foodborne pathogens, as
has been demonstrated in the USA [24–26].

In the present study, the detection of antibodies
against T. gondii in free-range chickens was conducted
by MAT, which was standardized in microtitre plates.
The assay parameters were established to avoid the
prozone effect due to excess of antibodies that could
cause false-negative results. Results described in previ-
ous studies using free-range chickens as model of nat-
ural T. gondii infection had proven the validity of
MAT for this type of study [27]. The high seropositiv-
ity (71%) found in free-range chickens in our study
indicates a high soil contamination with T. gondii
oocysts in Uberlândia. From six naturally infected
chickens, two T. gondii isolates were obtained from
heart or brain by mouse bioassay. The success of the
isolation of both new T. gondii isolates was dependent
on the number of mice inoculated, the amount of
infected tissues used in the bioassay, and the concen-
tration of parasites in the samples [27]. Further, the
ELISA serological test was used to detect mouse sero-
conversion, since it has higher sensitivity and the read-
ing of the results is objective in comparison with MAT
[27]. The genotyping of the isolated parasites was per-
formed by the multilocus PCR–RFLP method [28],
which allows the identification of T. gondii isolates
with high resolution. Recent studies of nine T. gondii
isolates from human patients in French Guiana and
53 isolates from chickens in Brazil suggested the oc-
currence of high rates of transmission and out-
crossing [29]. When applied to strains from South
America, markers designed to detect DNA poly-
morphisms in isolates from North America and
Europe reveal patterns resembling mixtures of types
I and III alleles with a lower frequency of type II allele
[30]. These genotypes I and II were considered exotic
in the past, but some of them turned out to beT
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common lineages in South America, and appear un-
usual only by comparison to the previously studied
clonal lineages from North America and Europe [29].

In Brazil, a study of T. gondii isolates from a variety
of animals from different geographical areas showed
that multiple isolates identified from different hosts
and locations are considered the common clonal
lineages in Brazil. The three most common genotypes
were 6, 8 and 11 and these major genotypes were pre-
viously designated as types BrI, BrIII and BrII, re-
spectively [17]. These results indicate that the T.
gondii population in Brazil is highly diverse with a
few successful clonal lineages expanded into wide geo-
graphical areas [17]. Analysis of mortality rates in
infected mice indicated that type BrI is highly virulent,
type BrIII is non-virulent, while type BrII and BrIV
lineages are intermediately virulent. In the present
study, two T. gondii isolates from free-range chickens
were genotyped. The comparison between both iso-
lates demonstrated distinct biological features, as the
TgCHBrUD2 isolate was revealed to be more virulent
than the TgCHBrUD1 isolate. The TgCHBrUD2
(genotype 6 type BrI Africa 1) isolate presented nine
type I alleles out of 12 genetic markers and killed all
infected animals in a short period of time (100% mor-
tality at 9 days after infection) with the absence of
brain tissue cysts in mice of different genetic back-
grounds characterizing a virulent strain [17]. In con-
trast, the TgCHBrUD1 (genotype 11 type BrII)
isolate showed five markers with the type I allele,
two of type II alleles and five markers of type III
alleles. The time to death was more prolonged, since
it induced mouse brain cysts with the time to death
(100% mortality) being around 10 days after infection
in BALB/c mice and up to 20 days after infection in
Swiss mice, characterizing an intermediate virulent
strain [17]. These genotypes were previously identified
from domestic animals and have a geographical distri-
bution clearly widespread in Minas Gerais, Brazil.
Genotype 11 type BrII is associated with congenital
toxoplasmosis in this state [17, 31].

It has been suggested that distinct combinations of
alleles in several loci may be responsible for the het-
erogeneity observed in the virulence phenotype of T.
gondii strains [32]. Early studies recognized that T.
gondii strains display vastly different levels of viru-
lence in mice, as defined by survival after acute infec-
tion [33], and subsequent molecular analyses revealed
that they could be genetically similar or not [17, 34].
Thus, virulence seems not to be the result of specific
alleles at a few dominant loci but rather the result of

allelic combinations from many loci [17]. In a previ-
ous genetic mapping and linkage analysis study,
marker CS3 on chromosome VIIa of T. gondii has
been shown to be strongly linked to acute virulence
in mice [35]. Most of the isolates obtained and geno-
typed from cats in São Paulo state, Brazil for the
CS3 locus, indicate that isolates with alleles I and II
at the CS3 locus are strongly associated with mortality
in infected mice, while isolates with allele III at CS3 is
strongly associated with survival of infected mice [17].
In the present study, we observed allele I at the CS3
locus for both isolates and it can be responsible for
acute virulence in the animals evaluated.

In the present study it was possible to observe that
BALB/c mice were significantly more susceptible than
Swiss mice when inoculated with the TgCHBrUD1
isolate. Likewise, both isogenic mouse lineages
(BALB/c and C57BL/6) presented a higher suscepti-
bility compared to Swiss allogenic mice, Meriones
unguiculatus and Calomys callosus, when inoculated
with the TgCHBrUD1 isolate. In the murine model
of toxoplasmosis, C57BL/6 mice are considered to
be more susceptible to T. gondii infection than
BALB/c mice, when they are inoculated with type I
(C56) or type II (ME-49) strains [36]. In contrast, gen-
etically resistant lineages [e.g. BALB/c (H-2d)] can
control T gondii infection, developing latent chronic
infection, as do immunocompetent humans [37].

On the other hand, the mortality rates in mice
inoculated with the TgCHBrUD2 isolate did not
show significant differences between all animal
groups, indicating that this isolate is highly virulent
and leads to the animal’s death independent of the
host species. Based on the results obtained, it can be
concluded that the diversity of T. gondii strains are
also present in Uberlândia. Moreover, as this ap-
proach has not been investigated previously, our
results can lead to a better understanding between
genotype and phenotype of these new isolates, per-
haps making it possible to establish a stronger link be-
tween the genetic structure and virulence of this
parasite at the feto-maternal interface. Further studies
on the genetic variability and biological features of
new isolates to be conducted in additional cities
from this region of Triângulo Mineiro, Minas
Gerais, Brazil, will be necessary to supply more
detailed information on the gene evolution, the level
of genetic exchange and the structure of T. gondii
population worldwide.

It has been described that the increased practice
of modern confinement production could decrease
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T. gondii’s contamination of meat, but a new tendency
in the production of free-range-reared animals for
meat could increase the risk of contamination [38].
This is also true in Brazil, particularly in street mar-
kets where free-range chickens are available to pur-
chase throughout the country.

The production of free-range organic meat is a new
trend, and this practice increases the chances of meat
containing tissue cysts from T. gondii. In summary,
the present study identified two T. gondii isolates in
free-range chickens showing variable degrees of viru-
lence, as demonstrated by phenotypic and genotypic
characterization, which highlights the importance of
controlling food quality as chicken meat consumption
can be an important foodborne pathogen for humans.
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