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Abstract

The purpose of this study was to perform genotgharacterization and to
evaluate the virulence dbxoplasma gondii obtained from aborted fetuses in an
abortion outbreak in goats from northeastern Br&win samples from 32 fetuses were
submitted to mouse bioassay foigondii isolation. Two isolates were obtained and
subjected to genotypic characterization. Isolatelence was evaluated using murine
model in different doses (from 1€ 10" tachyzoites/mL). In genotyping, both isolates
were classified as clonal lineage type Il (genotypdoxoDB) and showed to be
virulent for mice. This is the first description @énotype #1 in cases of goat abortion,
showing the circulation of viruleft gondii isolate producing reproductive disorders in
pregnant goat.

Keywords: Goat, reproductive disorders, toxoplasmosis, vitcdg genotyping.

1. Introduction

Toxoplasmosis is caused by the tissue cyst formdaugidianToxoplasma gondii
(Tenter et al., 2000). gondii infection is an important cause of reproductiveodiers
in goats (Caldeira et al., 2011; Unzaga et al.42@hd it is considered a risk to public
health (Dubey et al., 2011).

Toxoplasma gondii presents three different clonal lineages classii® |, 1| and
[l (Howe and Sibley, 1995), which are common irr&pe and North America,
however, atypical strains are the most frequerdiyimonly found in South America
(Dubey et al., 2012). In Europe and United Statesgenotypes more frequently in
goats are type Il and Il (Dubey et al., 2011)hailtgh, in Brazil, predominate atypical

genotypes (Ragozo et al., 2010). There is a lagkfofmation concerning. gondii
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genotypes involved in goat abortion cases, buethes reports of atypical strains in
Argentina (Unzaga et al., 2014) and type Il in BréSilva Filho et al., 2008).

The purpose of this study was to perform genotgparacterization and to
evaluate the virulence dbxoplasma gondii isolates obtained from aborted fetuses in an

abortion outbreak in goats.

2. Materials and methods

2.1. Ethics aspects

This study was approved by the Ethics Committe®nimal Experimentation
and Animal Welfare at Universidade Federal RuraPdenambuco under the license
number 122/2015and was conducted according tothin@aéprinciples of animal
experimentation, adopted by the Brazilian ColleDAromal Experimentation

(CONCEA, 2013).

2.2. Study design and sampling

During an abortion outbreak that occurred betwespte&dnber 2014 and October
2015 in a flock of goats, 32 fetuses at differeagjes of pregnancy were collected.
Goats were raised in intensive system receivingmeaatd mineral supplementatiad
libitum. Feral and domestic cats had access to the fesjlfbod storage and water
supply.

The fetuses were necropsied within 24 hours afierteon to collect the brain
for bioassay. Blood samples from the aborted goate collected for the detection of
anti-Toxoplasma gondii antibodies using the enzyme-linked immunosorbssay

protocol (ELISA) adapted from Alvarez-Garcia et(2D03).
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2.3. Mouse bioassay
Brain samples from fetuses were macerated with @B/ ,2), filtered on gauze

and centrifuged at 700g for 10 min. The supernatast carefully discarded and the

pellet resuspended in PBS and centrifuged agam stibernatant was discarded and the

final product was resuspended in PBS containindpiatic (1.000 IU of penicillin and
100ug of streptomycin per mL) and inoculated intraperéally in two Swiss Webster
(SW) mice. Mice were observed daily and those wdtodred were euthanized 45 days
post-inoculation (d.p.i).

Tissue samples (brain, liver, lungs, heart andqezal lavage) of mice were
collected and stored for DNA extraction. Imprinfdtee brain and peritoneal lavage
were examined fof. gondii cysts and tachyzoites, respectively. Positive sasifar
presence of. gondii were inoculated in MARC-145 cells (Regidor-Ceoridlt al.,

2008).

2.4. DNA extraction and PCR

Samples from aborted fetuses (brain) and micet(peyal lavage, brain and
pooled tissues containing liver, lungs and heaefersubmitted to DNA extraction
using the commercial kit Wizard Genomic DNA Pugfion System (Promefa
Madison, WI, USA), according to the manufacturprocol. The concentration of
DNA for all samples was verified using spectrophettry and adjusted to 100 ngy/
T. gondii DNA detection was performed by single tube nes&®f Rusing the external
primers TgNN1-TgNN2 and internal primers TgNP1-T@\NBmplifying a fragment of
227 bp of the ITS1 region of the parasite (Hurtatal., 2001)

A suspension of. gondii tachyzoites (RH strain, @achyzoites/mL) and

ultrapure water were used as positive and negatimgols, respectively. The amplified
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PCR products were subjected to electrophoresis# agarose gel stained with
BlueGreen (LGE Biotecnologia, Cotia, S0 Paulo, Brasil), and aied under UV

light.

2.5. Multilocus PCR-RFLP and phylogenetic analysis

Potenciall. gondii isolates obtained in the mice bioassay were chexiaed by
polymerase chain reaction - restriction fragmengta polymorphism (PCR-RFLP)
using 12 molecular markers (SAG1, 3'-SAG2, 5’-SAGR,SAG2, SAG3, BTUB,
GRAG, c22-8, c29-2, L358, PK1 and Apico) as preslpwescribed (Su et al., 2006), to
determine the genetic diversity ©fgondii circulating in the fetuses. The PCR products
were visualized by agarose gel electrophoresiscdb 2stained with Sybr Safe DNA
Gel Stain (Invitrogefi, USA) and visualized using Safe Imager TM (In\jied®, USA).
The results were identified, compared and claskdiecording to genotypes present in
ToxoDB (http://toxodb.org/toxo/).

For phylogenetic analysis, the electrophoresiglivanpatterns obtained by
PCR-RFLP were transformed into binary data andlgaed. The SplitsTree software
(Huson and Bryant, 2006) was used for phylogemetionstruction between the
genotypes obtained in the present study and ofitevsously isolated in Brazil and in

the world.

2.6. Virulence analysisin mice

For virulence assessment, the isolaté. gondii was inoculated into a
monolayer culture of African green monkey kidnelfcBIARC-145 and incubated at
37°C in a 5% CQ. The medium was changed after 24h. Blind passafgeslation

cultures were made at 4 to 7-day intervals unélghrasite was observed



122  microscopically in order to keep the total amountwdtured cells to a minimum. The
123 amount of tachyzoites was determined by Trypan ekatusion, followed by direct
124  counting in a Neubauer chamber (Regidor-Cerrillalet2008) and serial dilutions were
125 performed starting from the concentration from 010 tachyzoites. Each dilution
126 was inoculated intraperitoneally into six mice thetre observed daily for four weeks.
127 At the end of this period, mice that did not die&veuthanized and samples of blood
128 and brain were collected. The serum samples wémitied to the Modified

129 Agglutination Technique (MAT) for the detectionaniti-T. gondii IgG antibodies

130 (Desmonts and Remington, 1980), considering theffit:20. The brain was studied
131 for T. gondii cysts. Virulence interpretation was performed adicg to Pena et al.

132  (2008).

133

134 2.7.Satistical analysis

135 Incubation period and survival were estimated gisiie Kaplan-Meier curve
136 (Goel et al., 2010). The IBM SPSS Statistics 28fdnsare was used to perform the
137 statistical calculations and the level of significa adopted was 5.0%.

138

139 3. Results

140 The two goats that aborted were positive for @ngendii antibodies by ELISA
141 with IRPC values of 57.767 and 79.759, respectividhg first fetus was aborted at 124
142 days of pregnancy and showed congestive enceplesgels, being obtained isolate
143 TgGtBrALOl. The another one was aborted at 101 dépsegnancy and was in the
144  process of autolysis, being obtained isolate TQGLERYA

145 Tachyzoites were recovered from the peritoneadavof inoculated mice in

146 Dbioassay but no tissue cyst was observed in bfagandii isolation was also confirmed
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by PCR in the brain samples of the two fetusesiaige peritoneal lavage of the mice
inoculated with these samples. Two isolates (Tg&tBd and TgGtBrALO2) were
obtained, representing an isolation rate of 6.2f82R In genotyping, the both isolates
were classified as clonal lineage type Il (genotyp&oxoDB). The results of
phylogenetic analysis are shown in Figure 1.

As the result of genotyping was the same for lsxlates, one was chosen for
virulence analysis (TgGtBrALO1). The clinical sigolsserved are shown in Table 1.
Tachyzoites were recovered from peritoneal lavdgdl onice that died, in addition to
the presence of activated macrophages. Mice thaived did not present antibodies
anti-T. gondii nor cysts in brain or tachyzoites in peritoneaaize.

The Incubation Period (IP) of isolate in the migas 9.3 d.p.i. (1.C. 95% = 6.8-
11.9 d.p.i.). The mice inoculated with the highastcentrations of tachyzoites 10
began to present clinical signs between thardd ' d.p.i. Regarding the Survival
Period (SP) of inoculated mice, the mean SP weégd.p.i. (I.C. 95% = 9.1-13.6 d.p.i.)
Mouse deaths occurred according to the concentraficmoculated tachyzoites, with
the highest doses causing a faster death (Figufih2)highest concentrations {ldhd
10%) caused the appearance of clinical signs in 10q1®4.2) of inoculated mice
between the2and &' d.p.i. and resulted in mouse deaths betw&eard 9" d.p.i. The
lowest concentration (fpcaused the appearance of clinical signs in 5q38) of the
mice on the 8 d.p.i. and death on the"14.p.i. This strain caused clinical signs and

death in 90.0% (27/30) of inoculated animals.

4. Discussion
Toxoplasma gondii infection is considered an important cause ofadpctive

disorders in goats (Caldeira et al., 2011; Unzagd. £2014). The involvement Of
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gondii in abortion cases in that species has been dedanldifferent regions of the
world such as Spain, where the presence of the BDINIs protozoan was detected in
3.8% (1/26) of the aborted goat fetuses (Morerad.e2012). In Argentina, 24.0%
(6/25) of analyzed fetuses were positive Togondii by PCR (Unzaga et al., 2014). In
Brazil, a study reported that 100.0% (7/7) of fesigom a goat herd with history of
reproductive disorders were positive Toigondii by PCR (Caldeira et al., 2011).

This is the first report of. gondii isolation in abortion outbreak in goats from
Brazil. Until the present moment, for that specths,isolates obtained in Brazil were
from tissue samples of chronically infected aninfieden commercial slaughterhouses
with an isolation rate of 8.4% (12/143) (Ragozalet2009). It is known that the dose
of the parasite may influence the isolation ragsda on this, in most cases, there is no
way to control the parasitic load in tissue samplesnded for isolation (Pena et al.,
2008). Thus, small concentrations of the protoznanoculated tissues may have
negatively influenced on the isolation result.

Regarding the genotypic characterizatio.gjondii strains, there is a lack of
studies related to the detection of the genotypesived in abortion cases in naturally
infected goats worldwide. In South America, thaeraports ofl. gondii genotypes
classified as atypical obtained from aborted gefatdes in Argentina (Unzaga et al.,
2014). In Brazil, the genetic diversity ®fgondii isolates in small ruminants is high
(Ragozo et al., 2010), whereas the presence dficlelonal lineages is considered rare,
especially type Il (Pena et al., 2008).

This is the first description of clonal lineag@eyll (genotype #1 ToxoDB) in
goat abortion cases. This clonal lineage was puosWadentified in sheep abortion
cases (Jungersen et al., 2002). This genotypeiwgasiéscribed in goats slaughtered for

human consumption in the United States (Dubey.eP@l1). In Brazil, there are
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records of this genotype in felines (Pena et 808}, and swine (Andrade et al., 2013).
This clonal lineage is frequently reported in A&jicurope and North America,
however, it is considered rare in South Americali®uet al., 2012).

The isolate obtained was considered intermediatgevit, corroborating with
those of other studies where genotype #1 was aislent for mice (Pena et al., 2008).
All mice inoculated with TgGtBrALO1 tachyzoites diexcept at the concentration of
10" where the mortality rate was 50.0%. The survivitige did not present tissue cysts
and antiT. gondii antibodies, indicating that this dose was not &bladuce infection
in all mice as previously described in other stadiungersen et al., 2002). Regarding
to the three mice negative, it is important to edesthe possibility off. gondii cysts in
other tissues that were not analyzed by this stdithermore, the low quantity of
tachyzoites inoculated (Y0may have stimulated a slow immune response with
antibody titers below the cut-off to be classifeegipositive by the technique. Howe et
al. (1996) described that isolates of clonal tylpgé virulent to mice from a dose of?10
tachyzoites. Due to this pathogenicity differensenteresting to perform other
virulence assay considering virulence markers siscitne genotyping of ROP 5 and
ROP18 genes (Schwab et al., 2014).

Mice inoculated withT. gondii isolated from goats destinated for human
consumption died within three weeks p.i and thob&kvsurvived did not present
specific antiT.gondii antibodies (Dubey et al., 2011), corroboratinghwite data
obtained by our study. Nevertheless, accordingeésame authors, mice inoculated by
oral route with oocysts of clonal lineage typesblate (TgGoatUS2) died between 7
and 13 d.p.i. Those inoculated with the lowesttahhs (1-100 oocysts) survived and

cysts were identified in the brains of mice.
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The virulence ofl. gondii may be influenced by different factors, such a&s th
lineage of mice used in the bioassay, parasitestdge, inoculation route and number of
passages (Dubey et al., 2011; Ragozo et al., 2088%ke factors may probably be

related to the difference between the virulencaltepreviously mentioned.

5. Conclusion

This is the first isolation of clonal lineage tylhdgenotype #1 ToxoDB) in
abortion goat cases. The obtained isolate showethiediate virulence in the murine
model, however, further studies are necessarytterhenderstand the molecular

epidemiology and the abortion pathogenesis ofisalate.
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Figure 1. Phylogenetic analysis of tH@xoplasma gondii isolates obtained (circle),
with the following strains used as references: AG, CTG, MAS,

TgCatBr5, TgCatBr64, Cougar, Brl, Brll, Brlll, BrlV

Figure 2. Survival curve to determine the virulencelokoplasma gondii TgGtBrALO1
isolate in murine model (Swiss Webster). A — Sua/ourve for mice
challenged withloxoplasma gondii TgGtBrALO1 isolate. B — Survival curve

for mice challenged with different doses of TgGtBfA isolate.
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Bristly Abdominal

| solate Dyspnea Diarrhea Ascites Conjunctivitis
hair pain
% 100,0% 63,0% 44,4% 25,9% 0,0% 3,7%
TgGtBrALO1 n 27 17 12 7 0 1
N 27 27 27 27 27 27

N — Total number of mice that showed clinical sigms- number of mice that showed
the specific alteration.
Table 1. Clinical signs observed in inoculated mice (Swissbgfer) with 10to 1¢

tachyzoites offoxoplasma gondii TgGtBrALO1 isolate.
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GT1

Cougar
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» Occurrence of Toxoplasma gondii in an outbreak of goat abortion
» First description of the clonal type Il clone in aborted goat fetuses

» Evaluation of the virulence of the T. gondii strain obtained in the murine model



