
ORIGINAL PAPER

First report of typical Brazilian Toxoplasma gondii genotypes
from isolates of free-range chickens (Gallus gallus domesticus)
circulating in the state of Paraíba, Northeast Brazil

Thais Ferreira Feitosa1,2 & Vinícius Longo Ribeiro Vilela1,2 &

João Leite de Almeida-neto1 & Lídio Ricardo Bezerra de Melo1 &

Dayana Firmino de Morais1 & Bruna Farias Alves3 & Fabiana Nakashima3,4 &

Solange Maria Gennari3 & Ana Célia Rodrigues Athayde1 & Hilda Fátima de Jesus Pena3

Received: 1 March 2017 /Accepted: 5 June 2017 /Published online: 21 June 2017
# Springer-Verlag GmbH Germany 2017

Abstract This study evaluated, for the first time, the genetic
diversity of Toxoplasma gondii isolates from free-range
chickens from the state of Paraíba, Northeast Brazil. Tissue
samples from 33 chickens from properties in five municipal-
ities of Paraíba (Esperança, Olho d’Água, Malta, Monteiro,
and Patos) were bioassayed in mice. The brains of mice in-
fected with T. gondii cysts were used for DNA extraction and
genotyping. Genotyping was performed using 11 PCR-RFLP
markers and 15 microsatellite (MS) markers. Complete
genotyping results were obtained for 29 isolates, with nine
genotypes detected by RFLP and 15 genotypes identified by
MS. Three genotypes (#273, #274, and #277) have only been
recently identified from pigs in the region. Brazilian clonal
types BrII and BrIII were identified from one isolate each.
Clonal types I, II, and III were not detected by RFLP.
Genotype #13 (Caribbean 1), detected in 48.3% (14/29) of
isolates from four of the five municipalities investigated,

was the most prevalent genotype in the state of Paraíba.
However, the MS analysis showed that of these 14 isolates,
only four were unique genotypes, and considering the distance
between the municipalities from where they were collected, it
is possible that only seven are independent isolates while the
others are clones. The other genotypes were restricted to dif-
ferent microregions. The results indicate that the Caribbean 1
lineage of T. gondii is circulating widely in Northeast Brazil.
The genotypic diversity of T. gondii in the state of Paraíba is
high, and microsatellite analysis revealed this diversity with
higher resolution than PCR-RFLP.
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Introduction

Toxoplasma gondii is a protozoan in the phylumApicomplexa
that is capable of infecting all species of birds and mammals
(Tenter and Johnson 1997; Elmore et al. 2010). Felids are the
definitive hosts where the sexual reproduction of the parasite
occurs and are responsible for the production and excretion of
oocysts in the feces. Accidental ingestion of oocysts from the
environment is one of the most common forms of parasite
transmission. Other routes of transmission include the inges-
tion of undercooked meat containing viable cysts and vertical
transmission through transplacental passage of tachyzoites to
the fetus. The different routes of transmission and the possi-
bility of T. gondii permanently infecting its hosts make this
parasite one of the most prevalent and widespread worldwide
(Dubey et al. 2012; Sullivan and Jeffers 2012).
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Most humans infected with T. gondii are asymptomatic.
The prevalence of T. gondii infection depends on the in-
gestion of undercooked meat containing T. gondii cysts
and/or the ingestion of T. gondii oocysts present on con-
taminated food, particularly fruits and vegetables (Dubey
et al. 2012; Gangneux and Dardé 2012). Free-range
chickens are the best indicator for soil contamination with
T. gondii oocysts because they feed from the ground and
in doing so become infected (Furuta et al. 2007; Dubey
2009). In addition, the isolation and genotyping of
T. gondii from chickens can provide information on the
strains that are circulating in a region.

The early studies of T. gondii using the SAG2 gene
showed a limited genetic diversity and only three clonal
lineages: I, II, and III (Howe and Sibley 1995). However,
later studies using a larger number of molecular markers
revealed the existence of many recombinant or atypical
lineages, especially in South America (Ajzenberg et al.
2002; Dubey et al. 2007a; Ferreira et al. 2008). These
markers generate valuable information about the diversity
of the parasite, are simple, and have a high resolution in
the identification of T. gondii isolates (Su et al. 2010).
Polymerase chain reaction–restriction fragment length
polymorphism (PCR-RFLP) is the most used genotyping
method, having contributed to the genotypic characteriza-
tion of T. gondii isolates from animals and humans world-
wide (Howe and Sibley 1995; Su et al. 2010). Even
though microsatellite (MS) analysis has a higher resolving
power with two levels of discrimination, the first one
identifying the lineages and the second one distinguishing
closely related samples belonging to the same lineage
(Ajzenberg et al. 2010).

There are few data available regarding T. gondii geno-
types found in Northeast Brazil, especially in the state of
Paraíba. A high level of T. gondii antibodies and often
viable parasites were found in free-range chickens from
that Brazilian state (Feitosa et al. 2016). Thus, this study
evaluated, for the first time, the genetic diversity of
T. gondii isolates from free-range chickens raised in the
state of Paraíba, Northeast Brazil.

Materials and methods

Samples

Thirty-three T. gondii isolates from free-range chickens raised
in five municipalities in the state of Paraíba, Northeast Brazil,
and described in detail by Feitosa et al. (2016), were used in
the study. Briefly, each mouse had been subcutaneously inoc-
ulated with 1.0 mL of brain and heart homogenates from
chickens in the bioassays. The brains of mice positive for
T. gondii cysts through direct examination by means of a

compound microscopy were used for genotyping. The brain
samples were homogenized in 0.85% saline using a mortar
and pestle, and then stored in 1.5-mL microtubes at −70 °C
until DNA extraction.

DNA extraction

After thawing, a 300-μL aliquot of brain homogenate from
each sample was separated; washed three times with TE buff-
er, pH 8.0 (10mMTris-HCl, 1 mMEDTA); and centrifuged at
12,000g for 5 min. DNA extraction was performed using
WIZARD® Genomic Purification Kit (catalog A 1125;
Promega, Madison, WI, USA).

Isolate genotyping

Genotyping of isolates was performed using 11 PCR-RFLP
genetic markers: SAG1, SAG2 (5′3′ SAG2 and alt. SAG2),
SAG3, BTUB, GRA6, c22-8, c29-2, L358, PK1, and Apico
(Su et al. 2010) and marker CS3 (Pena et al. 2008). Clonal
type I (RH), type II (PTG), and type III (CTG) samples and
reference samples Cougar, MAS, and TgCatBr5 were used as
positive controls. First, the target DNA sequences were am-
plified by multiplex PCR using the outer primers for all
markers followed by nested PCR separately for each marker.
The PCR products were diluted 1:1 in ultrapure water before
being amplified in nested PCR. All protocols have been de-
scribed elsewhere (Su et al. 2010; Pena et al. 2008).

To determine the RFLP pattern of each sample, 3 μL of
nested PCR products was mixed with 17 μL of digestion reac-
tion containing buffer and one unit of a given restriction enzyme.
The samples were incubated at the proper temperature for each
restriction enzyme according to the manufacturer’s recommen-
dations. The restriction enzymes used are described in Su et al.
(2006), except for CS3, which is described in Pena et al. (2008).
The digested PCR products were resolved by electrophoresis in a
2.0–3.0% agarose gel containing 10 μL of SYBR® Safe for
each 100 mL of solution with a molecular weight marker with
multiple 100-base pair (bp) fragments. The bands were visual-
ized under UV light on an image analyzer (Alpha Innotech
Corporation, San Leandro, CA, USA).

The isolates were compared and classified according to the
genotypes available in the ToxoDB database (http://toxodb.
org/toxo/) and based on recent studies. The phylogenetic
relationships of T. gondii isolates genotyped by PCR-RFLP
were examined using SplitsTree4 software (Huson 1998;
Huson and Bryant 2006).

The isolates were also genotyped using 15 microsatellite
markers: TUB2, W35, TgMA, B18, B17, M33, IV.1 and X1.1,
N60, N82, AA, N61, N83, M48, and M102 (Ajzenberg et al.
2010). The data were analyzed using GeneMapper® 4.1 soft-
ware (Applied Biosystems, Foster City, CA, USA).

2266 Parasitol Res (2017) 116:2265–2270

https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj-2bKn8c3PAhXPPpAKHQnVD7AQFggsMAA&url=https%3A%2F%2Fwww.thermofisher.com%2Fza%2Fen%2Fhome%2Flife-science%2Fdna-rna-purification-analysis%2Fnucleic-acid-gel-electrophoresis%2Fdna-stains%2Fsybr-safe.html&usg=AFQjCNFAofxsxLuryE1KwSA7Ql2ffbvrow&sig2=WP9sK0AFn2KFrDsRJNsAQw
http://toxodb.org/toxo/
http://toxodb.org/toxo/


Results

Of the 33 isolates analyzed by PCR-RFLP, complete genotyp-
ing results were obtained for the same 29 samples with RFLP
and MS markers (Supplementary material). Nine different
RFLP genotypes and 15 MS genotypes were detected
(Table 1). Two isolates from the state capital (Patos),
TgCkBrPB9 and TgCkBrPB30, belonged to Brazilian clonal
lineages BrII (#11) and BrIII (#8), respectively. Clonal arche-
typal lineages I, II, and III were not detected by RFLP.

Genotypes #48 (TgCkBrPB4,5,6) and #88 (TgCkBrPB7,8)
had been previously identified in chickens, but from different
Northeast states and as single isolates. Genotype #116
(TgCkBrPB1,2) had been previously detected in chickens and
pigs in North and Northeast Brazil, respectively. Genotypes
#273 (TgCkBrPB11,12,14), #274 (TgCkBrPB26), and #277
(TgCkBrPB7,8) have only recently been reported in Brazil in
pig isolates from the state of Paraíba (Feitosa, unpublished data).

Genotype #13, detected in 48.3% (14/29) of isolates, was
the most prevalent and well-distributed genotype in the state
of Paraíba. These isolates came from four municipalities lo-
cated 70–262 km apart, whereas the other genotypes were
restricted to different microregions. Nevertheless, the MS
analysis indicated the possibility of a high level of circulation
of genotype #13 (Caribbean 1) clones due to the occurrence of
identical genotypes in isolates from the samemunicipality and
from nearby properties, including isolates TgCkBrPB15,16
(Esperança), TgCkBrPB10,13 (Monteiro), TgCkBrPB20,25
(Malta), and TgCkBrPB22,23,24,27 (Malta) (Supplementary
material). Similarly, isolates TgCkBrPB1,2 (genotype #116)

and TgCkBrPB7,8 (genotype #277) also appear to be clones
from the same sample.

The genetic diversity of the 29 T. gondii isolates from
chickens is summarized in Fig. 1. The analysis showed a great
divergence of these isolates from type II strains and a clear
clustering with type III and type BrIII strains.

Discussion

Genotyping results revealed a high genetic diversity of T. gondii
in chickens from the state of Paraíba, Northeast Brazil,
supporting previous studies that reported similar findings. This
diversity is best represented by the MS analysis, which due to its
higher resolving power identified 15 genotypes in the 29 isolates
analyzed against the nine RFLP genotypes. Pena et al. (2013)
identified 11 genotypes in 44 isolates from free-range chickens
from the state of Espírito Santo, and Sousa et al. (2016) found
four genotypes in five isolates from the state of Maranhão. In
Brazil, these findings are common, unlike other countries where
the genetic diversity of T. gondii is low. For instance, Dubey and
Su (2009) identified only 18 genotypes of 253 isolates in the
USA, whereas genotyping of 149 isolates identified 58 geno-
types in Brazil (Pena et al. 2008).

Despite the great genetic diversity of T. gondii previously
identified in Brazil, Pena et al. (2008) suggested that there are
four clonal types circulating among different hosts and regions
in the country: BrI, II, III, and IV. Type BrIV lineage has only
been found in southern Brazil. In the current study, only two
isolates were types BrII and BrIII. These Brazilian clonal

Table 1 PCR-RFLP genotyping of Toxoplasma gondii isolates from free-range chickens from Paraíba state, Northeast Brazil

Isolate ID County PCR-RFLP markers ToxoDB-RFLP
genotypes

SAG1 5′3′
SAG2

alt.
SAG2

SAG3 BTUB GRA6 c22–
8

c29–
2

L358 PK1 Apico CS3

TgCkBrPB30 Patos I III III III III III II III III III III III #8 type BrIII

TgCkBrPB9 Patos I I II III III III I III I II III I #11 type BrII

TgCkBrPB 3 Olho
d’Água

I I I I I III II III III I III III #13

TgCkBrPB 10,13 Monteiro

TgCkBrPB 15,16,
17,18,19

Esperança

TgCkBrPB 20,22
23,24,25,27

Malta

TgCkBrPB4,5,6 Patos I III III III III III III III III III III I #48

TgCkBrPB28,29 Patos I I I III III III II I III I III I #88

TgCkBrPB1,2 Olho
d’Água

I III III III I III II III III III III III #116

TgCkBrPB11,12,14 Monteiro I I I III I II u-1 III III I III III #273

TgCkBrPB26 Malta I III III III I III II I III III III II #274

TgCkBrP7,8 Patos I III III I III III II III III I III III #277
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types have been identified in cats, chickens, dogs, sheep, and
newborn humans in South and Southeast Brazil (Dubey et al.
2007b, 2008; Silva et al. 2011; Carneiro et al. 2013), but this is
the first time that clonal type BrII has been identified in the
Northeast and clonal type BrIII has only been recently identi-
fied from pigs in the region (Feitosa, unpublished data),
highlighting its high level of circulation in Brazil.

The clonal spread of T. gondii can be explained by its modes
of transmission, which include transmission by ingestion of meat
of intermediate hosts without the parasite passing through the
definitive host and undergoing meiosis and genetic recombina-
tion. This recombination can occur in the intestine of the defin-
itive host (cat) if it gets infected with different strains of the
parasite simultaneously or in a very short time, enabling the
effective crossing of gametes and the production of progenies
that are genetically different from the original parental strains
(Sibley and Ajioka 2008; Boothroyd and Grigg 2002).
According to Feitosa et al. (2014), most domestic cats in the
study region have free access to the outdoors and engage in
hunting activity, providing the perfect environment for the occur-
rence of recombinant and novel genotypes in the study region.

Samples with the same genotype are not necessarily epide-
miologically related and may comprise independent samples.
The MS analysis can more accurately identify this relation-
ship, because PCR-RFLP detects less variation in each locus
when compared to microsatellite genotyping. Ajzenberg et al.
(2002) found 3–16 alleles per locus in a population of 83
T. gondii isolates and only 2–4 alleles for each PCR-RFLP
marker, suggesting that the microsatellite technique has a su-
perior discriminatory power than PCR-RFLP.

The genotype with the highest frequency was #13
(Caribbean 1), which accounted for approximately half of the
isolates, indicating that it is circulating freely among chickens
in Paraíba. Nevertheless, the occurrence of a large number of
possible clones as indicated by the MS analysis and the origin
of isolates underscores the role of chickens as indicators for
environmental contamination with oocysts and the widespread
distribution of oocysts in the soil after excretion by cats. In
other Northeast states, including Ceará, Rio Grande do Norte,
Pernambuco, Alagoas, Sergipe, and Bahia, this genotype has
been identified in chickens (Dubey et al. 2008). Genotype #13
has also been identified in other animals, including monkeys
and pigs, also in Northeast Brazil (Pena et al. 2011; Clementino
Andrade et al. 2013). The only state in the Northeast region
where genotyping of T. gondii isolates has been conducted
without any records of this genotype is Maranhão (Dubey
et al. 2008; Sousa et al. 2016). Even though Maranhão is a
Northeast state, its climate characteristics differ from those of
the other states, because unlike the others that have a predom-
inantly semi-arid climate, it is in a transition zone between the
semi-arid and humid equatorial climate of the Amazon forest,
which could result in different T. gondii epidemiology, routes of
spread, and prevalent genotypes in the state.

Conclusion

T. gondii has high genotypic diversity in the state of Paraíba,
Brazil; genotype #13 can be considered a frequent clonal type
in Northeast Brazil, and due to the epidemiological features of

Fig. 1 Phylogenetic network of the T. gondii isolates from chickens from
Paraíba state, Northeast Brazil, using PCR-RFLP data. The samples in
bold were obtained in the present study. The following were included:

archetypal reference genotypes (GTI = type I, PTG = type II, and
CTG = type III), lineage type BrI, and isolates from pigs that had
previously been described in the same region
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transmission, the chances are great of finding novel non-
archetypal genotypes in the study region.
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