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Abstract

Toxoplasma gondii is a protozoan that has great genetic diversity and is prevalent world-

wide. In 2018, an outbreak of toxoplasmosis occurred in Santa Maria, Brazil, which was con-

sidered the largest outbreak ever described in the world. This paper describes the isolation

and molecular characterization of Toxoplasma gondii from the placenta of two pregnant

women with acute toxoplasmosis who had live births and were receiving treatment for toxo-

plasmosis during the outbreak. For this, placental tissue samples from two patients under-

went isolation by mice bioassay, conventional PCR and genotyping using PCR-RFLP with

twelve markers. Both samples were positive in isolation in mice. The isolate was lethal to

mice, suggesting high virulence. In addition, the samples were positive in conventional PCR

and isolates submitted to PCR-RFLP genotyping presented an atypical genotype, which

had never been described before. This research contributes to the elucidation of this great

outbreak in Brazil.

Introduction

Toxoplasma gondii is a tissue cyst-forming protozoan capable of infecting warm-blooded ani-

mals, including humans, and is prevalent in most parts of the world [1]. It is one of the most
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studied coccidians due to its importance in animal and human health [2,3], as well as its suit-

ability as a model in molecular studies [1].

Although T. gondii is the only species of the genus Toxoplasma [1,4], there are various geno-

types [1]. The first genotyping studies of T. gondii led to the description of a clonal population

structure with three main lines, designated as type I, II, and III [5, 6]. Currently, there are

many known genotypes that do not belong to these three clonal lineages and are called atypi-

cal. They are generally considered more virulent [7]. They are formed by sexual reproduction

between gametes of different genotypes which occur in the intestine of felids [1]. In Brazil,

these atypical genotypes have been widely described [8]. There are studies showing the preva-

lence of T. gondii in animals and humans [9, 10, 11], and some studies have performed the iso-

lation and genetic characterization from cases of congenital toxoplasmosis [12, 13].

T. gondii infection is generally asymptomatic in humans. However, it is potentially serious

when acquired during pregnancy in immunocompetent individuals, as it carries the risk of

fetal transmission [14]. When congenital toxoplasmosis occurs, the protozoan can cause

lesions in the fetus that range from subclinical to neurological lesions, and even fetal death or

miscarriage [15, 16]. The clinical manifestation varies according to the stage of pregnancy,

infection time [17], and genotype [16]. The latter makes congenital toxoplasmosis more seri-

ous in Brazil, due to infection with more virulent genotypes [18].

In 2018, an outbreak of toxoplasmosis occurred in Santa Maria, Rio Grande do Sul, with

809 confirmed cases. Of these, 114 were pregnant women who had 3 fetal deaths, 10 abortions,

and 22 live births with congenital toxoplasmosis [19]. The objective of this study was to

describe the isolation and molecular characterization of T. gondii from the placenta of two

pregnant women with acute toxoplasmosis who delivered alive children and were receiving

treatment for toxoplasmosis.

Materials and methods

Samples and clinical history

The placental tissue samples from two patients (patient 1 and patient 2) who delivered their

babies at the University Hospital of Santa Maria during the toxoplasmosis outbreak in 2018,

were referred to the Laboratory of Parasitic Diseases of the Federal University of Santa Maria

(UFSM) for diagnostic purposes. Part of the tissue was intended for protozoan isolation, and

another part for molecular tests.

According to their clinical history, both patients were positive for acute toxoplasmosis

through the detection of anti-T. gondii IgM in Enzyme-linked Immunosorbent Assay (ELISA).

The diagnosis of the two pregnant women occurred in the final trimester of gestation. Both

patients received treatment and had alive children. The treatment protocol included a combi-

nation of Sulfadiazine, Pyrimethamine and Folinic Acid (SPAF). Patient 1 started receiving

treatment from 35 weeks of gestation, while patient 2 received treatment from the 36th week.

Both patients received treatment for four weeks and thereafter gave birth.

Isolation through bioassay in mice

The placental tissues were subjected to peptic digestion individually, according to the tech-

nique described by Dubey, 1998 [20]. For digestion 50 g of placental tissue were used for peptic

digestion. The digested material was resuspended in 5 mL of saline, and immediately after

digestion, the mice were inoculated with 1 mL of the peptic digestion solution intraperitone-

ally. For each sample to be tested, four Swiss female mice were used, maintaining the fifth as a

negative control. The animals were obtained from the Central Bioterium of the UFSM.
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Mice were monitored daily for possible clinical signs of acute toxoplasmosis. When disease

led to death, samples were collected from brain, heart, lung, and intraperitoneal fluid from all

mice. The tissue was subjected to molecular analysis. Intraperitoneal fluid was also analyzed

under a microscope with 40× magnification.

All procedures were approved by the Committee of Ethics in the Use of Animals of the Fed-

eral University of Santa Maria, under the protocol 7150250419.

DNA extraction

DNA extraction was performed from placental tissue samples from both patients, and from

mouse tissues using Wizard Genomics DNA Purification kit (Promega), following the manu-

facturer’s instructions. In all cases, 20mg of tissues were used for DNA extraction.

Polymerase Chain Reaction (PCR)

The PCR amplification was performed with specific primers TOX4 (CGCTGCAGGGAGGAAG
ACGAAAGTTG) and TOX5 (CGCTGCAGACACAGTGCATCTGGATT) which amplified a

529 bp fragment from the T. gondii genome. The PCR was performed as described by Homan

et al. 2000 [21]. As a positive control, tachyzoite DNA from the RH strain was used, and DNA-

ase-free water was used as a negative control. A molecular marker of 100 bp (Brand—Ludwig

Biotec) was used as the molecular standard size. Amplified products were visualized in the UV

transilluminator after 1.5% agarose gel was stained with SYBR Safe DNA gel stain (Invitrogen).

Analysis of restriction fragment length polymorphism (RFLP)

The genotypic characterization was performed from mouse tissues that were positive for the

TOX gene (529 bp) using twelve markers (SAG 1, 5’ SAG2, 3’ SAG2, Alt SAG2, SAG3, BTUB,

GRA6, C22-8, C29-2, L358, PK1, APICO), according to the technique described by Su et al.

2010 [22]. To do so, the extracted DNA was amplified by nested-PCR (n-PCR) technique fol-

lowed by PCR-RFLP analysis. DNA target sequences were first amplified by multiplex PCR,

using external primers of all markers, followed by nested-PCR using internal primers for each

marker. DNA samples from standard strains, RH, ME49 and VEG were used as controls for

genotypes I, II, and III, respectively.

The polymorphism of each locus was analyzed by standard RFLP bands which was used to

distinguish each strain type. For this, nested-PCR products were digested with appropriate

restriction enzymes for each marker, according to Su et al. 2010 [22]. The controls were also

digested using the same restriction enzymes. The negative control consisted of DNAase-free

water. The results obtained were compared and classified according to the genotypes present

in ToxoDB (http://toxodb.org/toxo/).

Results

T. gondii was isolated from the placental tissues of two patients. Within two weeks the mice

presented signs indicative which acute toxoplasmosis such as apathy, bristly hair, photophobia,

ascites, and death (Table 1). In addition, it was possible to identify a large amount of tachy-

zoites in the intraperitoneal fluid collected from the animals.

Table 1. Mouse bioassay.

Patients Number of inoculated mice Number of positive mice in the bioassay Mice life days
1 4 4 11–13

2 4 4 12–15

https://doi.org/10.1371/journal.pone.0228442.t001
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As expected the samples of placental tissue as well as tissue samples from mice (brain, heart,

and lung) submitted to conventional PCR showed an amplified product of 529 base pairs, con-

firming the presence of T. gondii DNA in the placenta of the evaluated patients, and in the bio-

assay mice.

In the genotypic characterization by the RFLP technique, the DNA analysis of T. gondii
amplified from the tissues of mice submitted to the bioassay presented an atypical genotype,

not yet described in ToxoDB. This result compared to other genotypes in Table 2.

Discussion

Samples from animals have been widely used for isolation and genetic characterization of T.

gondii [8]. However, in humans, this diagnosis is restricted [23], which makes it difficult to

clarify the virulence of strains that infect humans and their genetic identity. In the present

study conducted during the toxoplasmosis outbreak in Santa Maria, T. gondii was isolated

from placental tissues of two patients with acute toxoplasmosis who received specific treatment

in the third gestation trimester. This result is interesting since the success of T. gondii isolation

is lower in cases of pregnant women receiving treatment [16, 24, 25]. The isolation of the pro-

tozoan species in the two patients in this study suggests that in both the cases the treatment

protocol established did not prevent the protozoa from reaching the placenta, or that the con-

genital infection occurred even before the start of treatment.

In addition to confirming the presence of T. gondii in the placenta, the isolation in mice

allows the virulence evaluation of genotypes present in the samples [26], since virulent strains

usually cause acute infection with clinical signs in mice [3]. Signs which are characteristic of

acute toxoplasmosis such as ascites, bristly hair, and photophobia were seen in all mice inocu-

lated with placental samples from the patients in this study. In addition, the mice died within a

maximum of 15 days, suggesting that the genotype present in the samples was quite virulent,

although the amounts of inoculated tachyzoites can also interfere, since it was not estimated.

The genotype found in these samples was characterized as atypical, and is related to more

severe forms of toxoplasmosis [27]. Atypical genotypes are not uncommon in Brazil, where

the genetic diversity of T. gondii is large [8], but the genotype present in the samples of this

research had not yet been described in ToxoDB. Recently, in Southern Brazil, Vielmo et al.,

2019 [28], also described an atypical genotype very similar to that found in the current study,

capable of causing a chicken outbreak on a small rural property, suggesting that these two

Table 2. Genotypic characterization of T. gondii isolates obtained from two patients during the Santa Maria toxoplasmosis outbreak compared to three other iso-

lates [9,28].

Isolado Markers
Sag1 5’Sag2 3’Sag2 Sag3 Gra6 BtuB C22-8 C29-2 L358 PK1 Alt.SAG2 Apico

a P. 1 I I I I III III II III III I I I
a P. 2 I I I I III III II III III I I I
b[28] I I I I III III II III III I I III
cBrI I I I III II I u-1 I I I I I
c Br II I I I III III III I III I II II III
c Br III I III III III III III II III III III III III
c Br IV I III III III III III II I III III III III

a Outbreak patients isolates
b Isolated recently described in Rio Grande do Sul
c Common isolates in Brazil

https://doi.org/10.1371/journal.pone.0228442.t002
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closely related genotypes are virulent to humans and animals. Although very similar to each

other, both genotypes differ from the Brazilian clonal lineages, BrI, BrII, BrIII and BrIV [9], as

shown in Table 2.

In addition, it should be considered that the evaluated patients were diagnosed in the last

gestational trimester and started receiving treatment after 30 weeks of gestation. This fact reaf-

firms the importance of diagnosis pregnant women through serology is essential for fast and

efficient treatment to reduce cases of congenital toxoplasmosis [29, 30].

This study was funded by the Higher Education Personnel Improvement Coordination.

Conclusion

It was possible, by isolation and genotyping, to identify a new atypical T. gondii genotype,

never described before, and with high virulence characteristics. This research contributes to

elucidate the outbreak of toxoplasmosis in Santa Maria, Brazil.
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