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Blood sample and placenta were taken from a 37-week pregnant woman; serologic results indicated acute toxo-
plasmosis. Placenta was inoculated into mice. Seropositive mice were sacrificed and tissue cysts from brain were
inoculated into new mice. Specific DNA was detected by PCR, and the isolate was characterized as Type II by
nPCR-RFLP for nSAG2, SAG3, BTUB, GRA6, c29-2, c22-8, L358, PK1 and Apico markers. This is the first isolation
and molecular characterization of Toxoplasma gondii from humans in Argentina.

© 2013 Elsevier Ireland Ltd. All rights reserved.
Introduction

Toxoplasmosis is a worldwide distributed zoonosis caused by
Toxoplasma gondii, which can infect warm-blooded animals and
humans [4]. In humans, the infection may occur vertically (congenital)
or horizontally by eating raw or undercooked meat containing tissue
cysts mainly from pigs, goats and sheep, and water or vegetables con-
taminated with oocysts [4], making toxoplasmosis a major foodborne-
disease [12]. If infection occurs during pregnancy in a seronegative
woman, it can cause severe damage to the fetus and a strict control of
the newborn is recommended due to the possibility of clinical signs
like encephalitis and ophthalmologic disease [8,22]. Strategies for pre-
vention include serological screening of pregnant women for diagnosis
and early treatment of the mother and the offspring. Treatment with
anti-parasitic drug combinations is recommended to reduce the trans-
mission rate and the risk of congenital damage [6]. A positive relation-
ship between gestational age and prenatal transmission risk as well as
a negative relationship between gestational age and the degree of se-
verity of lesions in the fetus has been suggested by Ruiz Lopes et al.
[19]. Toxoplasmosis is commonly subclinical in immunocompetent
adults; however immunosuppressed individualsmay develop encepha-
litis and retinochoroiditis [4].
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More than one third of the population worldwide is infected with
T. gondii [3]. Tenter et al. [21] reported a seroprevalence of 37–58% in
women and newborns in Central Europe and of 54–77% in West
African countries. Data from Latin America is scarce. A study con-
ducted in Brazil reported detection of T. gondii antibodies in 67.3%
of periparturient women [13]. In Argentina, T. gondii antibodies
were detected in 47.3% of pregnant women [6]. Seroprevalence of
T. gondii was 51.7%, 42.2% and 23.8% in the provinces of Buenos
Aires, Santa Fe and Chaco, respectively [6]. Seroprevalence in blood
donors at German Hospital (Buenos Aires, Argentina) was 67.4% in
1967, 42.5% in 1992, 39.4% in 1997 and 35% in 2002 [6]. Serological
studies provide indirect evidence of T. gondii presence in a popula-
tion; however, to the best of our knowledge, T. gondii isolation
from human samples has not been described in Argentina.

In the past several years, molecular studies have improved and
allowed better knowledge about the relationship between genotypic
characteristics of T. gondii and biological behavior in the host. T. gondii
isolates from North America and Europe have been characterized by
molecular techniques in three typical genotypes known as types I, II
and III [11]; however in South America atypical genotypes have been
described and associatedwith high virulence in amousemodel. Isolates
from tissues and human fluids in Europe and USA are 70% type II [1,11],
frequently found in congenital symptomatic and asymptomatic cases of
toxoplasmosis. In Brazil, studies have reported congenital cases of toxo-
plasmosis in Paraná and São Paulo states and emphasized the impor-
tance of the placenta as a control barrier for vertical transmission
[7,19]. Isolates from Brazil were characterized as atypical genotypes
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recorded in ToxoDB (http://toxodb.org/toxo/) as #6, 65 and 71 [14]. Iso-
late #6 is themost commonly found isolate in Brazil, while isolate #65 is
the most commonly found isolate in humans [14]. This isolate was de-
scribed previously in cats and chickens [5], which may indicate the
relevance of animals in the epidemiology of human infections [5,14].
In Chile, three isolates from human patients were described as type
I, showing different virulence in a mouse model; however, only 5′
SAG2 and 3′ SAG2 markers were used for characterization [20]. Iso-
lates of T. gondii from domestic and wild animals from Argentina were
characterized by molecular techniques as types II, III, and atypical
[4,15–17], but until now T. gondii has not been isolated from humans.

The aims of this study were to isolate T. gondii from the placenta of a
seropositive pregnant woman in Argentina and characterize the isolate
by molecular techniques.

Samples

Blood and placenta from a T. gondii seropositive pregnantwoman, at
37weeks of gestational age (wga) were taken. The patient was serolog-
ically diagnosed of an acute infection and treated with spiramycin since
36wga. Samples were analyzed at German Hospital, according to rec-
ommendations of the Argentine Consensus of Congenital Toxoplasmo-
sis [6].

Bioassay in mice

Human placenta was treated with trypsin 1% (Difco) for 2h at 37°C,
washed 3 times with saline solution, filtered through gauze and resus-
pended in saline solution with streptomycin (Richet) and penicillin
(Roche) 500IU/ml. Two Swiss NMRI (Naval Medical Research Institute)
mice were inoculated intraperitoneally (IP) according to the methodol-
ogy described by Robert-Gangneux et al. [18] and identified as MA and
MB. Mouse MA was sacrificed at 4 weeks post-inoculation (wpi) and
mouse MB died 3wpi and was discarded. Brain of MA was smashed in
saline solution with antibiotics and inoculated IP into 2 NMRI mice
identified as M1a and M1b. Sera and brain from mouse M1a were ob-
tained at 4 wpi. At Immunoparasitology Laboratory, Faculty of Veteri-
nary Science (FCV-UNLP), the brain was homogenized in saline
solution with antibiotics and antimycotic (1000 IUpenicillin/ml, strep-
tomycin 1mg/ml and amphotericin B 2.5mg/ml, PAA) and microscopic
examinationwas performed to determine presence of tissue cysts in the
fresh sample. Two Swiss (N:NIH) female mice identified as M2 and M3
and two, identified asM4andM5were inoculated IP and subcutaneous-
ly (SC), respectively. At 6 days post inoculation (dpi) peritoneal fluid
from eachmice was analyzed to determine the presence of tachyzoites.
Animals used in this study were maintained in accordance with stan-
dards established by the Institutional Committee for the Care and Use
of Laboratory Animals-FCV-UNLP.

Serology in mice

Indirect fluorescent antibody test (IFAT) to detect specific antibodies
to T. gondii in mice sera (M1a, M2, M3, M4 and M5) was performed as
described previously by Moré et al. [16]. Briefly, RH strain tachyzoites
were used as antigen, sera were diluted in phosphate buffer solution
(PBS) pH7.2 starting at 1:25 to 1:6400 dilution and incubated at 37 °C
for 30min. Goat anti-mouse IgG-FITC (Sigma) conjugate diluted 1:100
was used [16]. Positive and negative sera were used as controls.
Mouse MA and M1a serum was also analyzed by Sabin Feldman test
(SF) [6].

PCR diagnosis and genotyping of T. gondii

DNA from brain of mouse M1a was extracted using a commercial
kit (Promega Wizard Genomic DNA Purification Kit) according to
manufacturer's instructions. Polymerase chain reaction (PCR) for
T. gondiiwas performed in a thermocycler (PCR Sprint Thermo Elec-
tron Corporation) using specific primers TOX5–TOX8 [16] with an
initial denaturation at 94°C for 5min, followed by 35cycles of dena-
turation (94 °C; 30 s), annealing (60 °C, 30 s) and extension (72 °C,
60 s) and a final extension at 72 °C for 7min. DNA from cell cultured
RH T. gondii tachyzoites and nuclease free water (Gibco) were used
as positive and negative controls, respectively. Amplicons were rev-
eled on 1.5% agarose gels and stained with SYBR Safe (Invitrogen).
Genotyping was performed using nested-PCR (n-PCR) followed by
restriction fragment length polymorphism (RFLP) analysis. Extract-
ed DNA was amplified by n-PCR for nSAG2, SAG3, BTUB, GRA6, c29-
2, c22-8, L358, PK1 and Apico markers [16]. DNA from in vitro
cultured T. gondii strains RH, ME49 and NED were used as positive
control for clonal types I, II and III respectively. Digestion products
were visualized after electrophoresis with 3% agarose gels for all
markers except for Apico where a 2.5% gel was used, and stained
with SYBR safe using a 100bp standard (Cien Marker, Biodynamics).

Acute toxoplasmosis was diagnosed in a woman by serological tests
[1:16,000 (SF), 1:160 (IFAT-IgM), 1:4000 (IFAT-IgG), 1:1000 (ISAGA-
IgM and ISAGA-IgA), negative (ISAGA-IgE) and 6% low (avidity test)]
at 37weeks of pregnancy. In the newborn, specific T. gondii antibodies
were detected by SF (1:16,000); however IFAT-IgM, ISAGA-IgM and
ISAGA-IgA were negative.

Mice MA and M1a developed antibodies to T. gondii detected at
4 wpi by SF (1:16,000). Specific T. gondii antibodies were found in
mice M1a, M4 andM5 (1:6400), M2 andM3 (1:3200) by IFAT. Tissue
cysts were observed in brain of mouse M1a and eight cysts per
mouse were inoculated. Mice M1b and M2, M3, M4, M5 were used
to maintain the isolate by mice bioassay at German Hospital and
FCV-UNLP. Tachyzoites were obtained from peritoneal exudate
(M3) at 6 dpi and grown in Vero cell cultures, with RPMI (PAA) and
3% fetal calf serum (PAA) at FCV-UNLP. Parasites were stored in liq-
uid nitrogen at −196 °C. The isolate was also maintained by mice
passages.

Specific T. gondiiDNAwas detected by PCR and the isolate was char-
acterized as type II for all markers used in this study.

According to our knowledge this is the first isolation and genotyping
of T. gondii fromhuman tissues in Argentina. The isolate characterized in
our studywas classified as genotype II,whichdiffers fromatypical geno-
types described in animals and humans in different countries from
South America, such as Brazil, Chile and French Guiana [2, 5, 14, 20].
Type II isolates have been reported previously in pigs and zoo kangaroos
in Argentina [15, 17].

Unfortunately, it was not possible to determine the source of in-
fection in the pregnant woman in our study. The infection could be
related to consumption of raw or undercooked meat or derivatives
[4]. Even though pig, sheep and goat meat consumption is not as fre-
quent as beef or chicken meat consumption in Argentina, antibodies
to T. gondii have been detected in these species [4, 9, 10]; therefore,
they could be considered a possible source of infection in this coun-
try. Based on serological results frommother and child and according
to Argentine Consensus of Congenital Toxoplasmosis and the World
Health Organization, we can conclude that the isolate described in
this study was from an acute infection [6].

Placenta examination was critical for diagnosis of congenital
toxoplasmosis, considering that IFAT-IgM, ISAGA-IgM and IgA in
the newborn were negative. Unfortunately, it was not possible to
perform serological studies or follow clinical evolution of the new-
born to determine if the baby was infected during pregnancy. In
Argentina, it is not usual to collect placenta samples at birth as per-
formed in our study, which could be a potential additional tool for
the correct diagnosis of congenital toxoplasmosis. Although the iso-
late was characterized as type II, further studies are needed to deter-
mine the relevance of different T. gondii genotypes in the human
population of Argentina to improve the knowledge and epidemiolo-
gy of toxoplasmosis.

http://toxodb.org/toxo/


472 L. Pardini et al. / Parasitology International 63 (2014) 470–472
Acknowledgments

Wewould like to thankMr. I. Ercoli andMrs. S. Peñaloza for their tech-
nical assistance and Lic. Lucía Campero and Dr. Magdalena Rambeaud for
language revision of this paper.

Financial support for this study was provided by SeCyT through BID
PICT-2007-01204, UNLP 2008–2011: V179, German Hospital, Buenos
Aires, Argentina.
References

[1] Ajzenberg D, Cogne N, Paris L, Bessieres MH, Thulliez P, Filisetti D, et al. Genotype of
86 Toxoplasma gondii isolates associated with human congenital toxoplasmosis, and
correlation with clinical findings. J Infect Dis 2002;186:684–9.

[2] Ajzenberg D, Bañuls AL, Su C, Dumètre A, Demar M, Carme B, et al. Genetic diversity,
clonality and sexuality in Toxoplasma gondii. Int J Parasitol 2004;34:1185–96.

[3] Anonim. Toxoplasmosis. OIE terrestrial manual; 2008 [(Chaper 2.9.10. Pages
1284–1293) http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.09.
10_TOXO.pdf, accessed 28 August 2013].

[4] Dubey JP. Toxoplasmosis of animals and humans. 2nd ed. Boca Raton, Florida: CRC
Press; 2010 [313 pp.].

[5] Dubey JP, Lago EG, Genari SM, Su C, Jones JL. Toxoplasmosis in humans and animals
in Brazil: high prevalence, high burden of disease, and epidemiology. Parasitology
2012:1–50.

[6] Durlach R, Kaufer F, Carral L, Freuler C, Ceriotto M, Rodriguez M, et al. Consenso
argentino de toxoplasmosis congénita. Medicina (B Aires) 2008;68:75–87.

[7] Falavigna DLM, Roncada EV, Nakasora D, Pelloso MC, Falavigna LFM, Marques de
Araujo S, et al. Case report congenital toxoplasmosis in dizygotic twins, Parana,
Brazil. Rev Inst Med Trop Sao Paulo 2007;49:117–8.

[8] Freeman K, Oakley L, Pollak A, Buffolano W, Petersen E, Semprini AE, et al. Associa-
tion between congenital toxoplasmosis and preterm birth, low birthweight and
small for gestational age birth. BJOG 2005;112:31–7.

[9] Gos ML, Manzza JA, Moré G, Pardini L, Unzaga JM, Späth EJA, et al. Seroprevalence of
toxoplasmosis and neosporosis in dairy goats from Buenos Aires, Argentina.
Apicomplexa in farm animals, international meeting, Portugal (2012), proceedings;
2012. p. 73.

[10] Hecker Y, Moore DP, Manazza JA, Unzaga JM, Späth EJA, Pardini LL, et al. First report
of seroprevalence of Toxoplasma gondii and Neospora caninum in dairy sheep from
Humid Pampa, Argentina. Trop Anim Health Prod 2013. http://dx.doi.org/10.1007/
s11250-013-0396-1.

[11] Howe DK, Sibley LD. Toxoplasma gondii comprises three clonal lineages: correlation
of parasite genotype with human disease. J Infect Dis 1995;172:1561–6.

[12] Jones JL, Dubey JP. Foodborne toxoplasmosis. Clin Infect Dis 2012;55:845–51.
[13] Lago EG, De Caravalho R, Jungblut R, Da Silva VB, Machado Fiori R. Screening for

Toxoplasma gondii antibodies in 2,513 consecutive parturient women and evaluation
of newborn infants at risk for congenital toxoplasmosis. Sci Med 2009;19:27–34.

[14] Martins Ribeiro Ferreira I, Vidal JE, de Cássia Brandão deMattos C, deMattos LC, Que
D, Su C, et al. Toxoplasma gondii isolates: multilocus RFLP-PCR genotyping from
human patients in Sao Paulo State, Brazil identified distinct genotypes. Exp Parasitol
2011;129:190–5.

[15] Moré G, Pardini L, Basso W, Machuca M, Bacigalupe D, Villanueva MC, et al. Toxo-
plasmosis and genotyping of Toxoplasma gondii in Macropus rufus and Macropus
giganteus in Argentina. Vet Parasitol 2010;169:57–61.

[16] Moré G, Maksimov P, Pardini L, Herrmann D, Bacigalupe D, Maksimov A,
et al. Toxoplasma gondii infection in sentinel and free-range chickens from
Argentina. Vet Parasitol 2012;184:116–21.

[17] Pardini L, Bacigalupe D, Moré G, Rambeaud M, Basso W, Perfumo CJ, et al. Isolation
and molecular characterization of Toxoplasma gondii strains in slaughtered pigs
from Argentina. The 23rd International Conference of the World Association for
the Advancement of Veterinary Parasitology Buenos Aires, Argentina; 2011. p. 336.

[18] Robert-Gangneux F, Dupretz P, Yvenou C, Quinio D, Poulain P, Guiguen C, et al. Clin-
ical relevance of placenta examination for the diagnosis of congenital toxoplasmosis.
Pediatr Infect Dis J 2010;29(2010):33–8.

[19] Ruiz Lopes FM,DibGonçalves D,Mitsuka-BreganóR, Lemos Freire R, TeodoricoNavarro
I. Toxoplasma gondii infection in pregnancy. Braz J Infect Dis 2007;11:496–506.

[20] Sabaj V, Galindo M, Silva D, Sandoval L, Rodrıguez JC. Analysis of Toxoplasma gondii
surface antigen 2 gene (SAG2) relevance of genotype I in clinical toxoplasmosis. Mol
Biol Rep 2010;37:2927–33.

[21] Tenter AM, Heckeroth AR, Weiss LM. Toxoplasma gondii: from animals to humans.
Int J Parasitol 2000;30:1217–58.

[22] Vanni T, Ribeiro RA, Varella IS, Polanczyk CA, Fonseca BAL, Kuchenbecker R. Congen-
ital toxoplasmosis: public health policy concerns. Braz J Infect Dis 2008;12:107.

http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0075
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0075
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0075
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0080
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0080
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.09.10_TOXO.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.09.10_TOXO.pdf
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0090
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0090
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0095
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0095
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0095
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0100
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0100
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0105
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0105
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0105
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0110
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0110
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0110
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0115
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0115
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0115
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0115
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0035
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0035
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0040
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0045
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0045
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0045
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0120
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0120
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0120
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0120
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0125
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0125
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0125
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0055
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0055
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0055
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0130
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0130
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0130
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0130
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0060
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0060
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0060
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0135
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0135
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0070
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0070
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0070
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0140
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0140
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0145
http://refhub.elsevier.com/S1383-5769(13)00171-2/rf0145

	First isolation and molecular characterization of Toxoplasma gondii from a human placenta in Argentina
	Introduction
	Samples
	Bioassay in mice
	Serology in mice
	PCR diagnosis and genotyping of T. gondii
	Acknowledgments
	References


