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Abstract

The aim of this study was to evaluate the occurrence of Toxoplasma gondii in backyard pigs destined for human consumption
in Pernambuco state, Brazil. Blood and tissue samples (liver, heart, brain, lung and diaphragm) were collected from 224 pigs
from legal slaughterhouses and tested for 7. gondii infection. Antibodies to 7. gondii were found in the sera of 37.9% (85/224)
by using the immunofluorescence antibody test (cut-off — 1:64). Tissue samples from seropositive pigs were bioassayed in
mice. Tissue samples from seropositive pigs and from mice of the bioassay were submitted to histopathology, immunohisto-
chemistry, polymerase chain reaction (PCR) and sequencing; 14.1% of pig tissue samples and 27.7% of bioassayed mouse
samples were positive for 7. gondii DNA, but all pig and mouse tissues were negative in histopathology analysis and immu-
nochemistry. By using a risk assessment questionnaire, there was significant difference (p<0.001) in seroprevalence of 21.2%
(reproducer) and 3.1% (finishing pig). These data serve as indicative of the sanitary conditions and risk of 7. gondii infection
for backyard pigs. Preventive measures must be implemented by health services to avoid toxoplasmosis human cases due to

ingestion of pig meat.
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Introduction

Toxoplasma gondii is an obligate intracellular protozoan and
is considered one of the most common parasitic diseases
worldwide (Dubey 2010). Domestic and wild felids have an
important role in the epidemiology of toxoplasmosis as de-
finitive hosts, shedding in your feces millions of oocysts.
Human being, domestic animals, livestock and wild animals
serve as intermediate hosts, and the infection occurs by in-
gestion of food or water with oocysts, and raw or underco-
oked meat that contain cysts (Dubey 2010). Postnatal
infection in pigs may occur by contact with oocysts present
in contaminated food and water (Kiljestra et al. 2008), and
there are cases of transplacental transmission (Dubey 2009).
T. gondii serosurveys in pigs has been reported in several re-
gions of Brazil and prevalence may range from 1.32% to
90.4% (Dubey 2009, 2010). Pigs raised on no-technified sys-
tem may ingest viscera of slaughtered animals, birds and ro-
dents, enhancing the risk infection (Dubey 2009). T. gondii

tissue cysts may be found in liver, heart, brain, tongue,
diaphragm, and skeletal muscle (Swierzy ef al. 2014).

There are different routes of 7. gondii transmission to
human populations, depending of factors such as cultural ha-
bits, religion and environmental conditions (Demar et al.
2007). The ingestion of raw or undercooked meat from pork
containing tissue cysts has been highlighted as the major
main sources of human infection by this protozoan, and may
represent 50% or more of toxoplasmosis human cases
(Dubey 2010, Torgerson et al. 2014). Thus, pigs are consi-
dered a significant source of 7. gondii infection to humans in
several countries (Dubey 2010) and thereby have an impor-
tant role in the maintenance of 7. gondii chain infection by
their products and sub-products (Bezerra et al. 2012, Olive-
ira et al. 2014).

Although T gondii is widely prevalent in pigs throughout
Brazil (Dubey et al. 2012), data on occurrence of 7. gondii in
backyard pig populations in northeastern Brazil are limited.
The aim of the present study was to assess the occurrence of
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T. gondii in pigs destined for human consumption in Pernam-
buco state, northeastern Brazil.

Materials and Methods
Samples

The present study was developed according to Brazilian laws
and was approved by the Animal Use Ethics Committee (pro-
tocol number 015533/2012-71).

In this study were used 224 pigs of several ages (from six
months to two years) and different surrounding towns, coming
from legal slaughterhouses in Pernambuco state (Table 1).
Blood samples were obtained during the bleeding of pigs, and
in slaughter line were collected the tissue samples: liver, heart,
brain, lung and diaphragm. Tissue samples were stored in Zi-
ploc® bags and kept at +4° C until the analysis.

Serological test and mouse bioassay

Immunofluorescence Antibody Test (IFAT) was performed to
investigate antibodies (IgG) against 7. gondii (Camargo 1974).
Ten microliters of diluted serum were placed in wells on 7. gon-
dii slides contained RH tachyzoites as antigen. The samples
were placed over the antigen in the slides and incubated at 37°
C for 30 minutes. The slides were washed, and incubated with
anti-pig IgG serum conjugated with fluorescein isothiocyanate
(Sigma Chemical, USA) containing 0.001% of Evan’s Blue
(Sigma Chemical, USA). In all slides, were included positive
and negative controls. Titers >64 were considered positive, and
positive serum was retested using twofold serial dilutions.

Tissue samples from seropositive pigs were submitted to
peptic digestion as described by Dubey (1988). Briefly: 50 g of
liver, heart, brain, lung and diaphragm were cutted with a scalp,
following by addition of 250 mL of saline solution (NaCl) and
250 mL of acidic solution of pepsin (pH = 1.1-1.2). The mate-
rial was incubated at 37°C for one hour. The homogenate was
filtered through two layers of gauze and centrifuged at 1200xg
for 10 min. The supernatant was draw off and the sediment was
resuspended with a solution of bicarbonate at 1.2% (pH = 8.3)
and centrifuged at 1200 x g for 10 min. The supernatant was
draw off again and the sediment was resuspended in 3 ml of an
antibiotic saline solution (1,000 U of penicillin and 100 pL of
streptomycin/ml of saline solution). This product was inocula-
ted subcutaneously in three Swiss Webster mice (1 ml per
mouse). The mice were observed daily for six weeks and then
euthanized to collect blood for IFAT, and lung and brain for im-
print and molecular diagnosis.

DNA extraction, Polymerase Chain Reaction (PCR) and
sequencing

DNA was extracted from tissue samples (liver, heart, brain,
lung and diaphragm) of seropositive pigs by IFAT, as well as

from tissue of mice submitted to bioassay. DNA extraction
was performed using the commercial kit "Qiagen DNA Easy
Blood and Tissues Kit" (Qiagen®), according to the manu-
facturer’s instructions. The DNA obtained was analyzed and
quantified in agarose gel (0.8%) with a 1Kb molecular weight
marker, stained with blue green, visualized in ultraviolet light
and photodocumented to confirm quality.

The amplification reactions were performed in a final vo-
lume of 12.5uL containing: 2.5uL of genomic DNA; 0.5uM of
each primer; 2.75uL of Milli-Q ultrapure water and 6.25uL of

MasterMix (mixture for PCR — Qiagen), following the ma-
nufacturer’s instructions. The thermal profile of reaction sta-
ges was performed using a MJ-96G thermocycler (Biocycle
Co. Ltd, China) (Homan et al. 2000). The primer pairs used
were TOX-4 (CGCTGCAGGGAGGAAGACGAAAGTTG)
and TOX-5 (CGCTGCAGACACAGTGCATCTGGATT) to
amplify a region with 529 base pairs (bp). The amplified pro-
ducts were detected by electrophoresis in agarose gel (2%),
stained with blue green, visualized under ultraviolet light and
photodocumented. Positive control of the reaction was a su-
spension of RH strain tachyzoites (10* tachyzoites/mL), and
ultrapure water was used as negative control. PCR-positive
samples were purified using the QIAquick® commercial gel
extraction kit and were submitted to sequencing reactions.
Samples were sequenced using the Big Dye® Terminator v3.1
cycle sequencing kit (Applied Biosystems, USA) in 96-well
plates, in accordance with the manufacturer’s instructions.
DNA templates were sequenced by means of the fluorescent
dideoxy terminator method in an ABI PRISM 3100 genetic
analyzer for automatic sequencing (Applied Biosystems,
USA). The Jalview software (available at: http://www.ja-
lview.org/) was used to perform the identity analysis. The se-
quences were analyzed and edited using the BioEdit software.
The GenBank sequences were aligned with the sample sequ-
ences using the Mega 5.05 software and the Clustal cutoff
value of 50%.

Histopathology and immunohistochemistry (IHC)

Tissue fragments from pigs and mice from bioassay were fixed
in buffered formalin (10%) and processed using the usual me-
thods for histological analysis (Luna 1968). Briefly: after fixa-
tion, the fragments were dehydrated in alcohol with increasing
concentrations (from 70% to 100%), followed by diaphoniza-
tion in xylene, a paraffin bath at 60°C and finally, inclusion in
paraffin. Next, sections of Sum thickness were cut, deparaffi-
nized, rehydrated and stained using hematoxylin-ecosin (HE).
The entire slide was analyzed for presence of tissue cysts or hi-
stopathological lesions (Olympus BX40, objective 40x).

The immunohistochemistry technique was performed (Ga-
liza et al. 2014) with some modifications: we used the labeled
streptavidin biotin (LSAB) alkaline phosphatase technique
(Dako Corporation, USA). The histological sections with 5 um
fixed on silanized slides were dewaxed and hydrated. Inactiva-
tion of endogenous peroxidase was performed using 3% hydro-
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gen peroxide solution in distilled water at room temperature for
30 minutes. Washes were performed in PBS (0.01 M; pH 7.4).
For antigen retrieval, the sections were subjected to heating in a
water bath with citrate buffer (pH 6.0; 10 mM) and were then
placed in a microwave oven for 20 minutes at high power and
washed twice in PBS afterwards. Non-specific binding was bloc-
ked by means of incubation with 5% skim milk in PBS for 30
minutes at room temperature. After the slides had been washed
with distilled water, they were immersed in PBS and then incu-
bated with primary 7 gondii antibody (goat polyclonal antiserum
#210-70, VMRD, USA) diluted 1:200 in PBS (pH 7.4), in a
moist chamber at 4 °C for overnight. After this period, the slides
were washed in PBS and the commercial LSAB alkaline pho-
sphatase (Dako Corporation, USA) kit was used. Subsequently,
the sections were washed in PBS and the Permanent Red (Dako
Corporation, USA) (chromogen) was used in accordance with
the manufacturer’s recommendations. Finally, the samples were
counterstained with Harris hematoxylin (Sigma Chemical,
USA), dehydrated, cleared in xylene (Vetec®, Brasil) and mo-
unted using balsam (Labsynth, Brasil), under a cover slip.

Statistical analysis

To identify risk factor was used an epidemiological question-
naire concerning to: age and gender of animals, type of fe-

eding, breeding system used and presence of cats on farms.
Data were analyzed statistically based on the relative and ab-
solute frequency distribution. In addition, univariate analysis
was performed using the Chi-squared test. The results obta-
ined by PCR and serology were the dependent variable.
The level of significance adopted was 5% (Thrusfield 2004).
Statistical calculations were done using the Statistical Package
for the Social Sciences (SPSS) version 19.0. The Cohen’s
Kappa Coefficient (kappa) was used to assess the agreement
between the techniques. Kappa values were interpreted as
described by Landis and Koch (1977): 0.00 — 0.20 = weak
agreement; 0.21 —0.40 =regular agreement; 0.41 —0.60
= moderate agreement; 0.61 — 0.80 = good agreement; 0.81—
1.00 = very good agreement. Negative values were interpreted
as equal to 0.00.

Results

Antibodies against 7. gondii were found in 37.9% (85/224)
with higher frequency pigs aged over one year (39.4%
(54/137) than, and younger animals (< 6 months, 35.6%
(31/87). Relative to gender: 36.5% (34/93) of positive males,
and 38.9% (51/131) of positive females. Of the samples posi-
tive by IFAT, 37.6% (32/85) exhibited titers of 64, 28.2%
(24/85) exhibited titers of 128; 21.1% (18/85) had titers of

Table I. Analysis of risk factors associated with Toxoplasma gondii infection in Backyard pigs from Pernambuco state, northeastern Brasil,
considering the Immunofluorescence Antibody Test (IFAT) and the Polymerase Chain Reaction (PCR)

Univariate

Univariate

VARIABLE IFAT Analysis PCR Analysis P

Positive OR (CI 95%) value Positive OR (CI 95%) value

Age

Termination 05/158 (3.1%) <0.001* 05/55 (9.09%)

Reproduction 14/66 (21.2%) 8.2(2.8-23.9) 12/30 (40.0%) 1.7(0.9-3.0) 0.072

Gender

Female 09/131 (6.9%) - 0.305 08/50 (16.0%) 1.0 (0.6 —1.7) 0.935

Male 10/93 (10.7%) 1.6 (0.6 —4.2) 09/35 (25.7%) —

Type of feeding

Leftovers 05/87 (5.7%) - 03/33 (9.09%) -

Ration 04/37 (10.8%) 1.9(0.5-7.8) 0.498 04/12 (33.3%) 10/40 (25.0%) 0.720

Mixed 10/100 (10.0%) 1.8(0.6-5.5)

Breeding

System

Intensive 04/46 (8.7%) 4.1(0.3-4.0) 04/14 (28.5%) —

Extensive 09/125 (7.2%) - 0.664 07/51 (13.7%) 1.5(0.7-3.2) 0.464

Mixed 06/53 (11.3%) 1.6 (0.5-4.8) 06/20 (30.0%) 1.4(0.6-3.2)

Presence of cats

Yes 09/87 (10.3%) 3.7(0.4-30.3) 08/32 (25.0%) -

No 09/104 (8.6%) 3.0(0.3-24.8) 0.436 08/41 (19.5%) 1.1 (0.5-2.5) 0913

Unknown 01/33 (3.1%) - 01/12 (8.3%) -

OR — Odds Ratio; CI — confidence interval; *significant association (p<0.05)



469

Erika Fernanda Torres Samico-Fernandes et al.

256; 11.7% (10/85) showed titers of 512 and 1.17% (1/85)
exhibited titers of 1024.

By PCR , T. gondii DNA was found in 14.1% (12/85) of
pig tissue samples in fragments of heart (4/12) and brain (8/12)
of pig and (5/18—hearts of 2 and brains of 3) of mouse tissue
from bioassay. In sequencing analysis on direct double strain,
it was confirmed the molecular identity of the samples, exhi-
biting similarity of 100% for 7. gondii, in relation to the se-
quence DQ779192.1 stored at GenBank. There were no
positive samples in histopathology analysis or immunoche-
mistry. Table I display the results of the statistical analysis.

No significant differences were found for gender, altho-
ugh the frequency of positive females was higher than positive
males. There was significant difference (p <0.001) when ana-
lyzed the reproductive age of pigs: seroprevalence of 21.2%
and 3.1% were found for reproducer and finishing pig,
respectively (Table I).

The kappa values obtained were: 0.218 to PCR versus
IFAT; 0.285 to PCR versus bioassay and 0.394 to I[FAT versus
bioassay. All kappa values were classified as regular agre-
ement.

Discussion

The prevalence of seropositive pigs in the present study
(38.0%) was similar to those reported by previous studies car-
ried out in Brazil (Cademartori et al. 2014). Backyard pigs are
subjected to greater risks of infection and are more exposed to
infectious forms of the parasite in soil, water and food, due to
failure in sanitary management. Seroprevalence studies in in-
tensive pigs production systems report a lower prevalence of
antibodies anti-T.gondii (12.5 — 13.4%) explained by effective
sanitary management on these properties, resulting in a safer
production (Piassa ef al. 2010, Fernandes ef al. 2012).

In this study an association between age and seropositivity
to T.gondii antibodies (p < 0.05), was similar to others studies.
In natura meat comes from younger animals, while meat from
discarded old pigs is used in the manufacture of sausage and
this group was exposed to 7.gondii for a longer period (Silva
et al. 2010), especially in a management system with inade-
quate sanitary controls. Therefore, the breeding system
(intensive versus 10 extensive) and the degree of technologi-
cal advancement have been considered as risk factors for
T.gondii infection for pigs (Feitosa et al. 2014).

The amplification of 7' gondii DNA was observed in seve-
ral tissue samples from seropositive pigs screened by I[FAT. Of
these animals, 14.1% (12/85) were positive by PCR. The pre-
sence of the parasite DNA in these tissues is a significant fin-
ding. Several studies have assessed the presence of 7. gondii in
pigs, and described a significant frequency of tissue cysts in
commercial cuts and sausages from animals naturally or expe-
rimentally infected (Berger-Schoch ez al. 2010, Fernandes et al.
2012). The result of the PCR does not mean that the parasite
was viable in the sample. Although the bioassay in mouse per-

formed in this study suggested the viability of the parasite, re-
presenting a probable risk to public health, especially if this
meat is consumed undercooked (Oliveira et al. 2014).

There was no positive result in tissue samples analyzed by
histopathology and immunohistochemistry. It is a difficult task
to find cysts or tachyzoites using histopathology or IHC, be-
cause not always the tissue fragment chosen to be analyzed
has parasite forms (Dubey et al. 2005). It is estimated that the
number of T.gondii cysts per gram of tissue from food animal
such as pigs, may be lower than one tissue cyst per 50 g
(Dubey 1988).

Conclusion

The results obtained in this study provide an indication of the
sanitary conditions and risk of Toxoplasma gondii infection
for backyard pigs in the region analyzed. Preventive measures
must be implemented by health authorities, to minimize ne-
gative effects of infection by this protozoan on backyard pigs,
and to avoid toxoplasmosis human cases due to ingestion of
pig meat.
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