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a  b  s  t  r  a  c  t

Toxoplasma  gondii  has  a worldwide  distribution  with  different  genotypes  reported  in  animals  and  humans.
The parasite  is  of great  importance  to  food  production  and  public  health,  highlighted  by the  high  diversity
of  hosts,  i.e.  ostriches.  This  study  aimed  to  determine  the prevalence  of  T.  gondii  infection  in  ostriches
from  a Brazilian  slaughterhouse,  the  genotype,  and  the  associated  risk  factors.  T. gondii  antibodies  were
detected  in  38/344  (11.05%)  serum  samples  using  the  modified  agglutination  test  using  formalin-fixed
tachyzoites  (MAT-HS);  the parasite  was  isolated  from  14/38  (36.84%)  ostrich  brain  samples  using the
mouse  bioassay;  and  the  DNA  was  detected  from  25/38  (65.79%),  using  PCR.  In  farms,  the water  tank  was
considered  the  main  risk  factor  (OR  =  141.87;  p-value  <  0.05),  and  oocysts  were  detected  in  30%  (6/20)
in soil  of paddocks  before  animals  were  slaughtered  (1st  sampling),  and  40%  (8/20)  one-year  after  (2nd
sampling)  using  microscopy  and  PCR.  Non-ostrich  fecal  samples  on  the  ground  resulted  negative.  Bioas-
say  isolation  was  confirmed  by  PCR.  All  PCR  positive  samples  were  sequenced  and  resulted  in  100%
homology  to  Toxoplasma  gondii  repetitive  DNA  sequence  (GenBank  access  number  EF648168-1).  These
samples  were  also  typed  through  RFLP-PCR  using  11  markers:  SAG1,  SAG2  (5′–3′SAG2  and  alt.SAG2),
SAG3,  BTUB,  GRA6,  L358,  c22-8,  c29-6,  PK1,  Apico  and  CS3.  Two  isolates  had  a  complete  genotype,  typed
from  the ostrich  tissue.  In ostrich  samples,  the  parasite  load  ranged  from  19,043  (TgOsBr1,  avirulent)  to
54,829  parasites  mL−1 (TgOsBr2,  virulent)  using  qPCR,  whereas  soil samples  ranged  from  11  to 2,275  par-

−1
asites  mL . Both  typed  isolates  resulted  on  atypical  clones,  one  previously  reported  to  cause  congenital
toxoplasmosis  in  Brazilian  patients  (TgOsBr1,  ToxoDB  #206).  Thus,  these  findings  support  the  occurrence
of T. gondii  in  slaughtered  ostriches  from  Brazil,  ostriches  as  sentinel  for environmental  contamination
with  T.  gondii,  the  genotypic  variability  in  Brazilian  isolates,  and  the  first  isolation  and  genotyping  of  T.
gondii  from  Brazilian  slaughtered  ostriches.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Toxoplasmosis is a worldwide anthropozoonosis caused by an
bligate intracellular, apicomplexan parasite, Toxoplasma gondii,
hich infects warm-blooded hosts, including humans and pro-
uction animals (Acha and Szyfres, 2003). T. gondii has a felid
efinitive host and all other warm blooded animals, including

striches (Struthio camelus), as intermediate hosts (Hill and Dubey,
013). It causes abortion in several species of economic interest, and

s considered an important problem to public health as foodborne

∗ Corresponding author.
E-mail addresses: silva rcd@yahoo.com.br,  rsilva@cvm.msstate.edu

R.C. da Silva).

ttp://dx.doi.org/10.1016/j.vetpar.2016.06.001
304-4017/© 2016 Elsevier B.V. All rights reserved.
and opportunistic infection for AIDS and cancer patients (Tenter
et al., 2000).

It is transmitted by ingestion of sporulated oocysts present in
cat feces, tissue cysts in raw or undercooked meat of the interme-
diate hosts, or via placental transmission. Most reported outbreaks
in humans involve the consumption of raw or undercooked meat,
or oocyst-contaminated food and water (Tenter et al., 2000). It is
known that the prevalence of T. gondii in birds, mainly chickens,
who eat food direct from the ground is a good indicator of the envi-
ronmental contamination by T. gondii oocysts, and increases the
risk of transmission to humans (Ruiz and Frenkel, 1980; Casartelli-

Alves et al., 2015; Dubey et al., 2016). The same holds true for
ostriches, but there are few studies focused on T. gondii prevalence
in this species (Dubey et al., 2000; Martínez-Díaz et al., 2002; Hove

dx.doi.org/10.1016/j.vetpar.2016.06.001
http://www.sciencedirect.com/science/journal/03044017
http://www.elsevier.com/locate/vetpar
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vetpar.2016.06.001&domain=pdf
mailto:silva_rcd@yahoo.com.br
mailto:rsilva@cvm.msstate.edu
dx.doi.org/10.1016/j.vetpar.2016.06.001
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nd Mukaratirwa, 2005; Contente et al., 2009; Almeida et al., 2013;
l-Madawy and Metawea, 2013).

T. gondii isolates have been considered a single species without
eographical boundaries. However, while the parasite population
s fairly homogenous in parts of the world, in South America there
s a greater genotypic diversity, with recombinant genotypes and
typical alleles widely reported. The parasite has been isolated and
yped from humans (Carneiro et al., 2013; Wang and Shen, 2013)
nd several animal species, i.e., goats (Cavalcante et al., 2007) and
heep (Da Silva et al., 2011; Maciel et al., 2014) from Brazil, dogs
Dubey et al., 2007) and cats from Colombia (Dubey et al., 2006a),
hicken from Nicaragua (Dubey et al., 2006b) and Brazil (Soares
t al., 2011), dogs, cats and pigs from China (Li et al., 2015) among
thers, some of which are used for human consumption.

Few studies have focused on the T. gondii prevalence in slaugh-
ered ostriches, and information about the epidemiological aspects,
.e. risk factors, concerning the infection in this species are
nknown. In this way, based on the hypothesis that ostriches are
sually exposed to atypical genotypes of T. gondii and infected cats
an be a source of infection to commercial ostriches, the present
tudy aimed to determine both the prevalence and risk-factors
nvolved in Toxoplasma infection at the farms and in ostriches
eared for human consumption and slaughtered in São Paulo State
y the detection of specific antibodies, the mouse bioassay, and
olecular typing.

. Material and methods

The present study was  conducted in one slaughterhouse and
our ostrich farms in São Paulo State, Brazil. The samples were sent
o the laboratories for serological testing, mouse bioassay, parasito-
ogical and molecular testing. The Ethics Committee in Animal Use
rom the University approved this study (149/2009-CEUA).

.1. Sampling

EpiInfo 3.5.1 software (CDC, 2002) was used to determine the
inimum number of samples (n) needed by using 14.36% as the

xpected prevalence (Contente et al., 2009)n̆ significance level of
% (�), confidence level of 95%, and error limit of 5%; based on this,
94 was the minimum number of samples needed, but 344 animals
ere sampled. From these, 246 (71.51%) were male and 98 (28.49%)

emale. In addition, 148 (43.02%) animals were reared on Farm #1,
9 (28.78%) on Farm #2, 57 (16.57%) on Farm #3, and 40 (11.63%)
n Farm #4; all farms are located in São Paulo State (SP).

Blood and brain samples were collected from ostriches from a
laughterhouse in Campinas region, SP. Blood samples were cen-
rifuged at 1600g, 10 min, and the serum samples were tested for
. gondii antibodies; brain samples from seropositive animals were
ioassayed in mice for isolation of the parasite, and the parasite
NA was tested using molecular techniques.

Soil and non-ostrich fecal samples were collected from five
andomly selected paddocks at each farm in two  samplings (1st
ampling, before slaughterhouse sampling; 2nd sampling, one year
fter the 1st sampling). The number of paddocks ranged from 20
o 35 per farm. The samples were assayed using the Sheater flota-
ion technique, and tested for T. gondii oocysts using microscopy,

ouse bioassay and molecular techniques. Non-ostrich fecal sam-
les were collected when found, whereas the soil samples (250 g)
ere obtained from five equidistant points inside each paddock

here animals were reared. Soil samples were collected 5–10 cm
epth, 45◦ inclination, and immediately stored at 4 ◦C until use. All
ositive samples were molecular typed for 11 genetic markers, and
equenced.
arasitology 225 (2016) 73–80

An epidemiological questionnaire was applied to the handlers
from each farm to determine the risk factors associated with the
occurrence of the T. gondii infection in the sampled animals.

2.2. Serological tests

Serum samples were tested for T. gondii antibodies by the mod-
ified agglutination test (MAT) using formalin-fixed tachyzoites,
HS antigen (Desmonts and Remington, 1980), and methanol-fixed
tachyzoites, AC antigen (Thulliez et al., 1986; Dannemann et al.,
1990), using a cut-off titer of 8 for both tests. HS/AC results were
matched to patterns published by Dannemann et al. (1990) and
Montoya et al. (2007) to determine the stage of infection (acute,
intermediate or chronic) of each animal at the moment of slaughter.

2.3. Oocyst detection

The soil and non-ostrich fecal samples were tested for the
presence of T. gondii oocysts according to the Sheater flotation tech-
nique (Sheater, 1923), with the following modifications. For soil
samples of each farm, 5 g of each equidistant point inside each
paddock were pooled and run in five replicates. The replicates
were pre-diluted in 50 mL  ultrapure water, homogenized on a stir
plate, filtered in a sterilized mesh sieve filter and centrifuged at
1500g, 7 min. The supernatant was  discarded and 10 mL  of ultra-
pure water was added to the pellet. This suspension was mixed to
50 mL  Sheater flotation solution (sucrose) and centrifuged at 600g,
3 min, and was  kept resting for 3 h. Finally, 5 mL  of supernatant was
mixed with 80 mL  of ultrapure water, centrifuged at 1500g, 7 min,
and the supernatant discarded. The resulting pellet was suspended
in 5 mL  of ultrapure water.

For non-ostrich fecal samples, 10 g were weighed, added to
40 mL  Sheater flotation solution (specific gravity 1.28) in a 50 mL
centrifuge tube and filtered through gauze to another tube. Each
sample was evenly divided into five 10 mL  samples, and each vial
was individually centrifuged at 1180g, 10 min. Each supernatant
was added to 40 mL  ultrapure water and centrifuged again. After
decanting the supernatant, all 5 pellets were mixed to 2% sulfuric
acid, aerated on a shaker for 7 days at room temperature (20–22 ◦C)
and then stored at 4 ◦C until analysis (Dubey, 1995).

All replicates were individually and pool analyzed via light
microscopy at 400× magnification (Carl Zeiss, The Netherlands), for
T. gondii oocyst-like structures. For pooled samples, the replicates
were mixed, centrifuged at 1500g, 10 min, suspended in 8 mL ultra-
pure water, and re-analyzed. Samples were tested for the presence
of T. gondii DNA using molecular techniques (Freyre et al., 1989).
The differentiation among Toxoplasma, Hammondia, Neospora and
Sarcocystis genus was also performed using molecular methods (Da
Silva et al., 2009).

2.4. Mouse bioassay

Ostrich brain samples from all animals that were seropositive
for MAT-HS, as well as positive soil and non-ostrich fecal samples
for microscopy, were bioassayed in 30-day-old Swiss albino mice.
Each brain tissue (25 g) was macerated, diluted 1:5 (w/v) in 0.18%
saline solution containing penicillin (100 mg mL−1) and strepto-
mycin (500,000 U mL−1) and digested by pepsin in acid solution
(Dubey, 1998). Twenty-two seronegative ostriches were randomly
selected and their tissue samples, and 20 soil samples and non-
ostrich fecal samples that were negative by microscopy, were also
bioassayed. Five mice were bioassayed by s.c. injection with 1 mL  of

each digested tissue sample, or 1 mL  of each supernatant obtained
by Sheater flotation technique for soil or non-ostrich fecal samples.
Three vials of 1 mL  of each sample solution were kept at −80 ◦C for
the molecular typing.
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All mice were evaluated for 60 days, receiving food and water ad
ibitum. The infection was confirmed by visualization of the parasite
n the peritoneal fluid or the brain of dead animals, or by the positive
esults for T. gondii antibody detection by MAT-HS in those that
emained alive for the entire 60 days (Dubey and Beattie, 1988).

.5. Molecular techniques

The extraction and purification of DNA from ostrich and mice
rain samples were carried out by using the illustra tissue and cells
enomicPrep Mini Spin Kit (GE Healthcare Life Sciences do Brasil
tda.®, USA), according to the manufacturer’s instructions. For the
oil and non-ostrich fecal samples (Sheater flotation suspension),
he DNA was extracted using the AxyPrep Multisource Genomic
NA Miniprep Kit (Axygen, USA), with some alterations. To induce

 thermal shock and destroy the huge wall of the oocysts, the sam-
les were pre-treated at 70 ◦C, 10 min, followed by 3 times at 70 ◦C,

 min; the samples were immediately frozen in liquid nitrogen after
ach heating step. The purity and amount of all products were
ssessed on a Nanovue spectrometer (GE Healthcare, USA).

PCR was run using TOX4 (5′-
GCTGCAGGGAGGAAGACGAAAGTTG-3′) and TOX5
5′-CGCTGCAGACACAGTGCATCTGGATT-3′) (10 �M)  set of primers
Homan et al., 2000). These primers amplify a 200–300 times
epetitive 529-bp fragment, AF146527 [Genbank], in T. gondii
enome. All results were confirmed by nested- and RFLP-PCR
argeting 18S rRNA region to confirm T. gondii infection and
ifferentiate, if necessary, T. gondii,  Neospora caninum, Ham-
ondia hammondi and Sarcocystis spp., as previously described

Da Silva et al., 2009). For 18S rRNA regions, the external
Tg18s48F: 5′-CCATGCATGTCTAAGTATAAGC-3′; Tg18s359R:
′-GTTACCCGTCACTGCCAC-3′; 25 �M)  and internal primers
Tg18s58F: 5′-CTAAGTATAAGCTTTTATACGGC-3′; Tg18s348R: 5′-
GCCACGGTAGTCCAATAC-3′; 50 �M)  (IDTDNA, USA) were used,
s well as the restriction enzymes, AluI and HhaI (first set), and
deI, MspI and Hpy188III (second set) (New England Biolabs, USA).
ll products were visualized through electrophoresis in 3% agarose
el, stained with ethidium bromide, and recorded using a digital
el-Doc-it system (UVP, USA).

The analytical sensitivities for the detection of the parasite in
strich brain, mouse brain, and soil and non-ostrich fecal sam-
les were measured by using a suspension of 105 tachyzoites mL−1

H strain in water, 105 tachyzoites mL−1 in 20% ostrich brain sus-
ension, 105 tachyzoites mL−1 in 20% mouse brain suspension and
05 tachyzoites mL−1 in soil and non-ostrich fecal suspension after
heater flotation technique. For this purpose, samples of negative
strich and mouse brains, as well as soil and non-ostrich fecal sam-
les, not use in this study, were assayed. T. gondii tachyzoites were
ounted in a hemocytometer. Then, serial dilutions at 106, 105,
04, 103, 102, 101 and 100 bradyzoites mL−1 of each test sample
ere obtained. DNA extraction was performed on each dilution of

ach test sample according to the type of sample, and PCR was
erformed. Cross-reaction to Echinococcus granulosis,  Giardia duo-
enalis, Plasmodium falciparum,  Sarcocystis spp., Trichinella spiralis,
richomonas vaginalis and Neospora caninum was not found using
OX4 and TOX5 primers during T. gondii PCR according to Homan
t al. (2000) and Da Silva et al. (2011).

.5.1. Quantification of the parasite load
The parasite load of each PCR-positive sample was

ssessed using the quantitative real-time PCR (qPCR). Primers
ense (5′-CACAGAAGGGACAGAAGT-3′) and antisense (5′-

CGCCTTCATCTACAGTC-3′) were used (0.25 �M;  94-bp
mplification product) in a double-stranded DNA binding dye-
ased PCR (SYBR® Green PCR Master Mix, Life Technologies,
SA), according to the manufacturer (Edvinsson et al., 2006).
arasitology 225 (2016) 73–80 75

These primers target the same 529-bp repeat element described
by Homan et al. (2000) (Toxo-529). All reactions were run in a
StepOnePlusTM Realtime-PCR thermocylcer (Applied Biosystems,
USA).

2.5.2. Genotyping
Strain typing was performed using 11 genetic markers SAG1,

SAG2 (5′–3′ SAG2 and alt.SAG2), SAG3, B-TUB, GRA6, c22-8, c29-
2, L358, PK1, Apico and CS3, as previously described (Su et al.,
2006; Pena et al., 2008). Marker CS3 was included in the present
study to evaluate virulence (Khan et al., 2005). Reference strains
(GT1, PTG, CTG, TgCgCa1, MAS  and TgCatBr5) were used for reac-
tion controls. The target DNA sequences were first amplified by
multiplex-PCR using external primers for all markers, followed by
nested-PCR for individual markers for genotyping, as previously
described (Su et al., 2006; Pena et al., 2008). All products were visu-
alized through electrophoresis in 2.5 or 3% agarose gel, depending
on the marker, stained with ethidium bromide, and recorded using
the digital Gel-Doc-it system (UVP, USA).

2.5.3. Sequencing
All positive PCR products for 529-bp repeat element primers

were purified using the Centrifugal Filter Units purification kit (Mil-
lipore, USA) or ExoStar1-Step (GE Healthcare, USA). The purified
products were measured for purity and amount on a Nanovue
spectrometer (GE Healthcare, USA) and 1.5% gel electrophoresis.
Sequencing was  carried out using an ABI PRISM® 3100 Genetic
Analyzer (Applied Biosystems, USA). The sequenced products were
edited in BioEdit Sequence Alignment Editor 7.0.9.0 and blasted in
GenBank database at NCBI (http://www.ncbi.nlm.nih.gov/BLAST).

2.6. Statistical analysis

All the data were entered on an Excel spreadsheet. Data were
analyzed for normality of distribution by the Kolmogorov–Smirnov
test. Depending on the data distribution, mean or median was used,
as well as the parametric or non-parametric test.

The serological results were associated with the epidemiologi-
cal variables of origin (state and municipality), sex, age, breed, and
breeding system, using univariate analysis by Chi-square test (�2)
and/or Fisher’s exact test. Posteriorly, all the variables that were
directly related to the ostrich that showed p-value < 0.08 in the
univariate analysis were then included in the logistic regression
model by multivariate analysis, excluding the variables that only
described the different farms (location where each animal came
from). The serological result was  considered the dependent vari-
able, positive or negative for T. gondii.  The statistically significant
difference was determined when the results showed p-value < 0.05
in the univariate and multivariate analysis (Triola, 2005).

In addition, the association of the dependent variable “weight”
between the total sampled and positive sampled animals was ana-
lyzed by the unpaired t-test. The correlation among the distribution
of “weight”, independent of the farm, and “MAT-HS titers” was
calculated by the Spearman correlation coefficient (rs), as well as
between the mouse bioassay and PCR results for each type of sam-
ple, and parasitological test and PCR for oocyst detection. All tests
were run in Epi InfoTM v.3.5.1 (CDC, 2002) and GraphPad Prism 5.01
software.

3. Results

3.1. T. gondii antibody testing
The present study detected T. gondii antibodies in 38/344
(11.05%; CI95% 8.16–14.80%) ostriches using MAT-HS, and just
8/344 (2.33%; CI95% 1.20–4.52%) using MAT-AC. For MAT-HS, the

http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
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Table 1
Results of the T. gondii antibody testing, mouse bioassay and molecular techniques.

Farm Animal Serology Mouse bioassay Molecular techniques

Stage of infection MAT-HS MAT-AC Result (n)a Deathb Mortality (%) PCRb Parasite load (qPCR)d

#1 1 Chronic 8 Negative Negative (0) nd 0.00 Negative 0
2  Chronic 8 Negative Negative (0) 59.80 0.00 Negative 0
3  Chronic 8 Negative Negative (0) nd 0.00 Negative 0
4  Chronic 8 Negative Negative (0) nd 0.00 Negative 0
5  Chronic 8 Negative Negative (0) nd 0.00 Negative 0
6  Chronic 8 Negative Negative (0) nd 0.00 Negative 0
7  Chronic 8 Negative Negative (0) nd 0.00 Negative 0
8  Chronic 8 Negative Negative (0) 38.00 0.00 Negative 0
9  Chronic 8 Negative Negative (0) nd 0.00 Negative 0
10  Chronic 8 Negative Positive (2) 49.60 40.00 Positive 79
11  Chronic 8 Negative Positive (2) 39.60 40.00 Positive 1,712
12  Chronic 8 Negative Positive (2) 49.60 40.00 Positive 700
13  Chronic 8 Negative Positive (2) 49.60 40.00 Positive 945
14  Chronic 8 Negative Negative (0) nd 0.00 Negative 0
15  Chronic 8 Negative Negative (0) nd 0.00 Negative 0

#2  16 Chronic 32 Negative Positive (2) 50.67 40.00 Positive 765
17  Chronic 16 Negative Positive (1) 41.00 20.00 Negative 0
18  Chronic 32 Negative Positive (3) 3.00 60.00 Positive 2,063
19  Chronic 256 8 Negative (0) nd 0.00 Positive 923
20  Chronic 32 8 Positive (1) 41.00 20.00 Positive 453
21  Chronic 32 Negative Negative (0) nd 0.00 Positive 2,290
22  Chronic 64 8 Negative (0) nd 0.00 Positive 1,212
23  Chronic 64 8 Negative (0) nd 0.00 Positive 1,467
24  Chronic 16 Negative Positive (1) 43.00 20.00 Positive 1,002
25  Chronic 32 Negative Positive (2) 22.00 40.00 Positive 1,255
26  Chronic 32 Negative Negative (0) nd 0.00 Positive 564
27  Chronic 32 Negative Negative (0) nd 0.00 Positive 520
28  Chronic 64 8 Negative (0) nd 0.00 Positive 1,323
29  Chronic 256 8 Negative (0) nd 0.00 Positive 1,845
30† Chronic 64 Negative Negative (0) nd 0.00 Positive 19,043
31  Chronic 16 Negative Negative (0) nd 0.00 Negative 0
32  Chronic 256 8 Negative (0) nd 0.00 Positive 2,230
33  Chronic 16 Negative Positive (1) 41.67 20.00 Positive 964
34‡ Chronic 256 Negative Positive (5) 12.00 100.00 Positive 54,829
35  Chronic 32 Negative Positive (2) 41.00 40.00 Positive 1,424
36  Chronic 64 8 Positive (3) 22.00 60.00 Positive 1,776
37  Chronic 64 Negative Negative (0) 60.00 0.00 Positive 990

#3  38 Chronic 8 Negative Negative (0) 54.80 20.00 Negative 0
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n = number of positive mice for tachyzoite research in peritoneal fluid and/or tissu
ave  died (median; nd = no data, animals were euthanized at the end of the experim
nd  sequencing; d parasites mL−1; † TgOsBr1; ‡ TgOsBr2.

revalent titer was 8 (16/38, 42.10%; CI95% 27.81–57.90%), fol-
owed by 32 (8/38, 21.05%; CI95% 11.13–36.46%), 64 (6/38, 15.79%;
I95% 7.54–30. 35%), 16 (4/38, 10.53%; CI95% 4.30–24.22%), and
56 (4/38, 10.53%; CI95% 4.30–24.22%), whereas titer 8 was  the
nly titer positive using MAT-AC (Table 1). All positive animals pre-
ented a chronic stage of the T. gondii infection, and a moderate
orrelation was observed between the MAT-HS and MAT-AC titers
rs = 0.4379; p-value < 0.0001).

The average weight of the positive animals (49.09 ± 5.48 kg)
id not differ from the total sampled animals (50.32 ± 7.40 kg)
t = 0.9312; p-value = 0.3524). Particularly to the farms where ani-

als were reared (Farm #1, 15/148 animals; Farm #2, 22/99
nimals; Farm #3, 1/57 animals; Farm #4, 0/40 animals), no signif-
cant correlation was observed between the weight and MAT-HS
iters (rs = −0.1545; p-value = 0.3543).

.2. Risk factor analysis

For the univariate analysis, the distance from the paddocks to
he feed tanks, the source of water, the presence of non-ostrich

eces in paddocks, and the access of rats to the paddocks were con-
idered significant (Table 2), but to the multivariate analysis, just
he water tank as a source of water (OR = 141.87; p-value = 0.000)
nd the presence of non-ostrich feces in paddocks (OR = 0.02; p-
s in brain sample using light microscopic; b days after inoculation in which animals
c PCR–529 bp of the ostrich brain samples, confirmed by the nested-PCR-18S-rRNA

value = 0.001) were significant (Table 3). Access of wild animals, i.e.
armadillos (Dasypus spp.) and wild cavies (Cavia aperea) to the pad-
docks was  reported in all farms. Also, feed tanks were accessible to
other domestic and wild animals.

3.3. Oocyst detection

After analyzing the paddocks, independent of the farm, the
microscopic analysis of the soil revealed the presence of T. gondii
oocyst-like structures in 5/20 (25%) paddocks on the 1st sampling;
all of them were confirmed by PCR (100%). In the 2nd sampling,
the positive results in microscopy increased to 9/20 (45%), but 8/9
(88.89%) were confirmed by PCR. Farm #4 had negative results in
both samplings (Table 4). All bioassays were negative.

In Farm #1 and #2, two and three paddocks, respectively,
resulted and remained positive for oocyst research in the 1st and
2nd sampling. Farm #3 had negative results in all paddocks for
the 1st sampling, but three of them had positive results at the 2nd
sampling. Farm #4 resulted negative.
3.4. Bioassay and molecular techniques

The analytical sensitivity of the PCR–529 bp was 100 para-
site mL−1 in water, ostrich and mouse brain samples, and 101
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Table  2
Association (univariate analysis) between the T. gondii antibody testing (MAT-HS) and the epidemiological variables.

Variable Na MAT-HSb % (CI95%)c OR (CI95%)d p-valuee

Gender
Male 246 26 10.6 (7.3–15.0) 1.0; – –
Female 98 12 12.2 (7.2–20.2) 1.2 (0.6–2.4) 0.70g

Ostriches’ weight
76.30 ≥ n > 59.90 kg 40 2 4.1 (1.3–13.7) 1.0; – –
59.90 ≥ n > 43.50 kg 243 29 11.9 (8.4–16.6) 2.6 (0.7–16.6) 0.28f

43.50 ≥ n > 27.10 kg 61 7 11.5 (5.7–21.9) 2.4 (0.5–18.0) 0.31f

Distance from the feed tanks (stock’s place) to the paddocks
Far 97 1 1.0 (0.3–5.6) 1.0; – –
Nearby 247 37 15.0 (11.1–20.0) 16.8 (2.3–125.1) 0.00g

Source of water
Mine 245 16 6.5 (4.1–10.3) 1.0; – –
Water tank 99 22 22.2 (15.2–31.4) 4.1 (2.0–8.2) 0.00g

Same source of water for human consumption?
No 196 23 11.7 (8.0–17.0) 1.0; – –
Yes 148 15 10.1 (6.3–16.1) 0.9 (0.4–1.7) 0.73g

Non-ostrich feces in paddocks
No 188 15 8.0 (4.9–12.8) 1.0; – –
Yes 156 23 14.7 (10.1–21.2) 2.0 (1.0–4.0) 0.06g

Access of rats to the paddocks
No 57 1 1.8 (0.4–9.2) 1.0; – –
Yes 287 37 12.9 (9.5–17.3) 8.3 (1.1–61.7) 0.01g

Rotation system in the paddocks
No 148 15 10.1 (6.3–16.1) 1.0; – –
Yes 196 23 11.7 (8.0–17.0) 1.2 (0.6–2.4) 0.73g

aTotal number of studied animals.
bNumber of positive animals to the MAT-HS, considering cut-off = 8.
cPercentage (95% confidence interval).
dOdds ratio.
ep-value to � = 5%.
fChi-square test.
gFisher’s exact test.

Table 3
Multivariate logistic regression analysis of the epidemiological variables.

Variable ORa CI95%b p-valuec

“Water tank” as a source of water 141.87 17.33–1,161.14 0.0000
Presence of non-ostrich feces in paddocks 0.02 0.00–0.13 0.0001
Rats  access the paddocks 0.00 0.00–>1012 0.9592
Feed  tanks nearby the paddocks 1.23 × 106 0.00–>1012 0.9647

a Odds ratio.
b 95% confidence interval.
c p-value for � = 5%.

Table 4
Oocyst detection in farms before slaughterhouse sampling and one-year after.

Farm Sampling Paddock 1 Paddock 2 Paddock 3 Paddock 4 Paddock 5

LM PCR qPCR LM PCR qPCR LM PCR qPCR LM PCR qPCR LM PCR qPCR

#1 1st + + 27 + + 212 − − 0 − − 0 − − 0
2nd  + + 231 + + 128 − − 0 + − 0 − − 0

#2  1st + + 11 − − 0 + + 275 − − 0 + + 443
2nd  + + 986 − − 0 + + 2,275 − − 0 + + 792

#3  1st − − 0 − − 0 − − 0 − − 0 − − 0
2nd  − − 0 + + 379 + + 360 + + 659 − − 0

#4  1st − − 0 − − 0 − − 0 − − 0 − − 0
2nd  − − 0 − − 0 − − 0 − − 0 − − 0

S :  ligh
p

p
2
b
3

ampling: 1st (before slaughterhouse) and 2nd (one year after 1st sampling); LM
olymerase chain reaction; qPCR: quantitative real-time PCR (parasites mL−1).
arasite mL−1 in soil and non-ostrich fecal samples. A total of
5/38 (65.79%) positive results were observed by PCR of ostrich
rain samples (24/38, 63.17%) and the mouse bioassay (14/38,
6.84%), and was also confirmed by PCR (8/14, 57.14% peritoneal
t microscopy (oocyst detection by direct test; Sheater flotation technique); PCR:
fluid; 6/14, 42.86% brain). In the bioassay, 29/190 (15.26%) mice
died (average survival time = 49.42 ± 14.75 days; median parasite
load = 2,230 parasites mL−1, min  = 79 parasites mL−1, max  = 54,829
parasites mL−1) (Table 1). Out of the 29 positive mice, eight (27.58%)



7 inary P

w
t
(
r
a
p

p
t
n
g
2

c
s
c
s
s
c
#

4

c
c
(
o
t
2
i
e
r
a
2

r
f
1
o
a
p
b
t
f
a
S
p
f
t
c

o
o
(
T
h
i

i
i
t
2
o
t

8 R.C. da Silva, H. Langoni / Veter

ere inoculated with material from ostriches presenting titer 8,
hree (10.34%) with titer 16, ten (34.48%) with titer 32, three
10.34%) with titer 64 and five (17.24%) with titer 256. A weak cor-
elation was observed between the results of the mouse bioassay
nd PCR of ostrich brain samples (rs = 0.2058; p-value = 0.2152). PCR
resented higher sensitivity than the bioassay.

PCR-18 S rRNA results matched all PCR-529 bp results. The PCR
roducts were confirmed by sequencing to be 100% homologous
o Toxoplasma gondii repetitive DNA sequence (GenBank access
umber EF648168-1) and to Toxoplasma gondii 18 S ribosomal RNA
ene, complete sequence (GenBank access number L37415.1). All
0 negative control animals produced negative results for all tests.

Genotyping was assayed for all PCR positive samples. The
omplete genotype was obtained just on Farm #2 for ostrich
amples, with two isolates from males, resulting in two atypi-
al genotypes (TgOsBr1 = 19,043 parasites mL−1, virulent, average
urvival time = 12 days, 100% mortality; TgOsBr2 = 54,829 para-
ites mL−1, avirulent) (Table 1), previously reported to cause
ongenital toxoplasmosis in Brazilian patients (ToxoDB #161 and
206, respectively) (Table 5).

. Discussion

It is very important that ostrich products are highly commer-
ialized nowadays, and ostrich farming has received increased
ommercial attention, focusing on meat, leather, feathers and eggs
Figueiredo et al., 2004). For public health, the importance of tox-
plasmosis is focused on meat production which is transmitted by
he consumption of raw or undercooked meat (Kijlstra and Jongert,
009). In the United States, the consumption of ostrich meat is

ncreasing (Jones and Dubey, 2012). Despite the low risk (Dubey
t al., 2000), it is important to note that toxoplasmosis still poses a
isk to public health for humans consuming ostrich meat, as they
re confirmed intermediate hosts of T. gondii (Kijlstra and Jongert,
009).

Varying prevalence of T. gondii infection in ostriches was
eported around the world. In the present study, ostriches reared
or meat production presented a lower serological prevalence,
1.05%, than Hove and Mukaratirwa (2005) found in slaughtered
striches from Zimbabwe (48%; 24/50), or Contente et al., (2009)
nd Almeida et al. (2013) found in ostriches reared for many pur-
oses from Brazil (14.36%; 18/195, and 17.39%; 8/46, respectively),
ut higher than El-Madawy and Metawea (2013) found in Egyp-
ian ostriches reared for meat production, or Dubey et al. (2000)
ound in captive-ranched ostriches from Canada (2.9%; 28/973),
nd Martínez-Díaz et al. (2002) found in slaughtered ostriches from
pain (0.9%; 1/115). Some of the mentioned studies focused on meat
roduction, others on the whole population. Contente et al., (2009)
ocused their research on animals for leather, feather or egg produc-
ion, which represents a minimum or no risk for human infection,
ompared to meat consumption.

The antibody titers ranged from 16 to 256. The same has been
bserved by Almeida et al. (2013), whereas Dubey et al. (2000)
bserved a range from 25 to 500, and 16 to 16,384 by Contente et al.,
2009). All animals were determined as having a chronic infection.
. gondii antibody titers remain detectable for months or years, and
igh titers can occur during continuous exposure to the source of

nfection (Gallas-Lindemann et al., 2013), i.e. oocysts on the ground.
The main nutrient in ostrich food is based on bulky feed by graz-

ng on grass or by feeders filled with chopped forages. Additional
ngestion of small stones is necessary for the mechanical diges-

ion process of the most fibrous portion of food (Al-Nasser et al.,
003). In this way, an important factor to consider is the presence
f domestic or wild felids, the definitive host, mainly in feed tanks,
he water source provided, and paddocks that animals live. In this
arasitology 225 (2016) 73–80

study, it was observed that cats, as well as rats, have access to the
feed tanks. These cats can shed oocysts in their feces over the feed,
which increases the risk of infection for these animals. In this way,
humans can be infected by the ingestion of raw or undercooked
meat of these infected animals, or direct ingestion of sporulated
oocysts in the water.

The water tank was considered a significant risk factor
for infection (OR = 141.87; p-value = 0.000), which reinforces the
importance of water on toxoplasmosis transmission as highlighted
by Dawson (2005), not only for ostriches but also for all produc-
tion animals. This source of infection was  not considered a risk
for humans (p-value > 0.05), but much more care should be taken
in the treatment of water once it is also used for human con-
sumption. Widespread environmental contamination with oocysts
contributes to this. It is estimated that 140 million domestic and
wild felids contribute to the fecal contamination of T. gondii oocysts
in the United States (Hill and Dubey, 2013).

Oocysts were detected in three farms, but not in all sampled
paddocks. As the positive animals lived in different paddocks in
these farms, differential distribution and exposure to the oocysts is
suggested. Most of the positive paddocks presented a low parasite
load, which probably impaired the success of genotyping, but not
for the transmission. One hypothesis for the presence of oocysts
on the paddocks is the access of infected domestic or wild felids
to the paddocks, which strongly contributes to dissemination of
the infection by shedding oocysts to the soil (Gallas-Lindemann
et al., 2013). Another hypothesis is the dissemination of sporu-
lated oocysts by wild animals, e.g. armadillos, from contaminated to
non-contaminated places, since the handlers reported the presence
of armadillos and their burrows (also observed during the visits).
Even at a low concentration, virulent T. gondii isolates can cause
life-threatening disease in humans and animals and presents high
importance to the public health (Da Silva et al., 2011).

No mouse bioassay from soil sampled produced in positive
results. All animals survived and resulted in negative serology.
Alternatively, the mouse bioassay for the ostrich brain samples
resulted in different mortality rate. Different factors, i.e. parasite
load, strain and infectious stage of the parasite, may  interfere with
the mortality rate (Pena et al., 2008). A high mortality rate in mice
was expected in ostriches with high titers, but ostriches with a titer
256 presented just 25% mortality (923–54,829 parasites mL−1).
Analyzing the titer 64 (990–19,043 parasite mL−1), a 10% mortal-
ity rate was observed, whereas there was 11.11% mortality rate in
ostriches with titer 32 (parasite load = 1424–2063 parasites mL−1).
Ragozo et al. (2008) observed high mouse mortality rate (69.2%)
with tissues from sheep presenting higher titer (3200). The mouse
survival time ranged from 3 (60% mortality rate) to 12 days (100%
mortality rate) (Table 1).

Just two complete genotypes of T. gondii were obtained from
the ostrich tissue (TgOsBr1 and TgOsBr2) and mouse bioassay
(TgOsBr2). Both typed isolates resulted in different survival times
and mortality rates. The mouse bioassay is the most efficient
method to obtain DNA from T. gondii,  but direct tissue genotyp-
ing enhances the likelihood of obtaining molecular information on
T. gondii (Cunha et al., 2016).

TgOsBr1 genotype matched TgCTBr01, −03, −25 (ToxoDB #206)
isolated from newborn humans (congenital toxoplasmosis, CT)
from Minas Gerais State, Brazil (Carneiro et al., 2013). Out  of
these, just TgCTBr03 was avirulent in the mouse bioassay, as with
TgOsBr1. Until now, no species other than humans have been
reported as having been infected with this genotype. This study
emphasizes the importance of birds as sentinel animals for T. gondii

infection, and about the consumption of raw or undercooked meat
from ostriches. No association between both studies can be made,
but the occurrence in humans, i.e. CT, and ostriches for human con-
sumption supports the need to control the spread of the infection.
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Table  5
Genotypic profile and virulence for the T. gondii samples isolated from ostrich brain tissues.

Isolates Virulence Genetic markers ToxoDB Reference

SAG1 5′-3′SAG2 alt-SAG2 SAG3 BTUB GRA6 c22-8 c29-2 L358 PK1 Apico CS3

TgOsBr1 Avirulent u-1 I II III III III II III I III I u-1 #206 Carneiro et al. (2013)a

TgOsBr2 Virulent I III III III III III I I nd III I u-1 #161 Soares et al. (2011)b
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-1 is a new allele different from the type I, II and III clonal alleles; nd: no data.
a TgCTBr1, 3, 25 (100% match, excluding CS3 marker).
b TgCkBr199 (90% match, excluding CS3 marker).

On other hand, TgOsBr2 matched in 90% the genotype
gCkBr199 (ToxoDB #161), excluding CS3 marker, isolated from
ree-range chickens also from Mato Grosso do Sul State, Brazil
Soares et al., 2011). The only gap was observed in the L358 marker;
o amplification product was observed, whereas TgCkBr199 pre-
ented allele type III to this marker. No other isolate reported in
he literature presented a close genotype to TgOsBr2. In this way,
gOsBr2 may  match 100% to TgCkBr199 or may  be considered a
ew unique genotype obtained in ostriches from Brazil. Interest-

ngly, TgOsBr2 was virulent (100% lethal; survival time = 12 days),
ifferent from TgCkBr199, which was avirulent.

Another important difference observed concerns the CS3
arker, with u-1 (TgOsBr2) and u-2 (TgCkBr199) alleles. Pena et al.

2008) observed that isolates presenting alleles I or II to the CS3
arker were more commonly virulent, with approximately 80%
ortality. As this marker may  be related to the virulence (Pena

t al., 2008), the difference in this marker may explain different
henotypes in the mouse bioassay, but researchers should be care-
ul in considering this. This marker should be more explored and
inked to other variants, including phenotypic events, to state if the
solate is considered virulent or not. Also, a new unique genotype

ay  explain this difference, as TgCkBr199 has only been isolated
rom Brazilian chickens, which might support the high diversity of
he parasite in the population isolated from Brazil.

Corroborating these data, Central and South America possess a
igh degree of genetic diversity, compared to the archetypes I, II
nd III, previously isolated in Europe and North America (Su et al.,
006, 2012; Pena et al., 2008; Da Silva et al., 2011; Soares et al.,
011; Carneiro et al., 2013; Shwab et al., 2014). Only a few geno-
ypes are dominant in the northern hemisphere, which is in stark
ontrast to the southern hemisphere where hundreds of genotypes
oexist with none being notably dominant (Shwab et al., 2014). This
iversity is much more visible when comparing isolates from North
merica (low diversity) and those from Central and South America

high diversity) (Pena et al., 2008; Dubey et al., 2011; Khan et al.,
011; Shwab et al., 2014), with no clear dominance of any genotype
ven though a few have relatively higher frequencies (Shwab et al.,
014).

Thus, this study is the first study to determine the prevalence of
. gondii infection in ostriches, by serological, isolation and molec-
lar tests, and determine its association with risk factors present

n farms in which they were bred, and determine a potential new
typical genotype, corroborating with the high genotypic variabil-
ty of T. gondii in Brazilian production animals already reported in
ther studies, and another atypical genotype previously reported
n newborn humans with congenital toxoplasmosis.

. Conclusions

These findings support the occurrence of T. gondii in slaughtered
striches from Brazil, which should be considered an important

ource of infection for humans that consume ostrich meat. This
tudy also confirms the presence of a genotype in ostriches that was
reviously reported to cause congenital toxoplasmosis in humans,
nd the genotypic variability in Brazilian isolates with, possibly,
a new atypical type detected. Ostriches are important hosts for
the epidemiological chain of toxoplasmosis due to being produc-
tion animals and a source of protein for human consumption. In
this way, ostriches can also be considered important sentinels for
environmental contamination of T. gondii.
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