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Survey of Toxoplasma gondii in Taipei: Livestock Meats,

Internal Organs, Cat and Dog Sera
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Abstract

Toxoplasma gondii (T. gondii) is an important food-borne zoonotic protozoa. Infection occurs when humans
and warm-blooded animals consume raw or lightly cooked cysts containing meat or sporulated oocysts contaminated
food. T. gondii infection has been observed in food animals in many countries suggesting the significance of food
animals in the epidemiology of toxoplasmosis. However, there is no report regarding T. gondii infection in food
animals other than pigs in Taiwan. Therefore, in this study, pork, pig livers, mutton, chicken flesh, chicken hearts,
chicken livers, gizzards, and imported beef sold in the supermarkets in Taipei were examined for T. gondii
deoxyribonucleic acid (DNA) by polymerase chain reaction (PCR), for T. gondii antigens by enzyme-linked
immunosorbent assay (ELISA) and for cysts by microscopy. Because T. gondii infected cats may shed oocysts in their
feces and the mechanical spread of T. gondii to humans can also be conducted by dogs, serosurvey was also
conducted on cats and dogs. The results showed that the prevalence of T. gondii DNA were 8% in pork, 2% in pig
liver, 4% in mutton, 4% in chicken flesh, 2% in chicken heart, and 5% in imported beef. However, T. gondii antigens
were not detected in all samples and cysts were not found in DNA positive samples. The seroprevalence of antibodies
to T. gondii in cats and dogs were 10% and 6% respectively which are not significantly different from those reported in
the year 1998. This is the first survey on T. gondii in livestock meats and internal organs in Taipei.

Keywords: cat, dog, livestock, serum, Taipei, Toxoplasma gondii

1 Graduate Institute of Veterinary Medicine, School of Veterinary Medicine, National Taiwan University, No. 1, Sec 4, Roosevelt
Rd, Da’an Dist, Taipei, 10617 Taiwan, ROC.

2 Department of Agronomy, College of Bioresources and Agriculture, National Taiwan University, No. 1, Sec 4, Roosevelt Rd,
Da’an Dist, Taipei, 10617 Taiwan, ROC.

3 Animal Disease Control Center of Changhua County, No 2, Chungiang Rd, Changhua County, 50093 Taiwan, ROC
*Corresponding author: E-mail: dsl@ntu.edu.tw

Thai | Vet Med. 2013. 43(1): 15-21.



16 Fuh YB et al. /Thai | Vet Med. 2013. 43(1): 15-21.

UNANED

N1581593L0 Toxoplasma gondii  Tudlaslniy anAaegrsndndusiiiledn) 93wz

ey F5uvesgiauazuu

Ying-Bin Fuh' Chen-SiLin' Albert Taiching Liao' Yun-Ming Pongz Meng-Chih Tung'3
Chang-Young Fei' Dah-Sheng Lin"

Toxoplasma gondii (T. gondii) Faiwelusiadandrdyfndeandnidausiuniseins msfnlaiintudonuuay

a a

dniidenguiuemsiuviseang iy Ninsvuileuvesdadvselelodanan (sporulated oocyst) NsAnLYe T. gondii @13
nulaludainiasadusimslunareUsemadsvenismudidgaosdaifideadusimslusiuszuiningives toxoplasmosis
aglsinny Seldfisneaunisfinde T gondi  Tudnindeaduemnsdu venwileainansluldwiu nsfinwasailiings
ATIRMANTRUINTTUVRUYD T, gondii IneUjisengnldlndiues (polymerase chain reaction) #593MUBUALIUTBUTE T.

.. Aa a sw > ¢ & ) & Xy oo v : & o
gondii Ine38 ELISA uagnsam@adimendesganssed annileans dumy ieuny ieln wilald duld nssimnzun uaziilet

Yt Meglugilesinifalulng annsiunifadge 7. gondi aunsaduleledadldluganise uaznsindeveadeduia

a

nadvdauld Fudeinisdrsienudsnineluwiiuasgiviiudiy iansfnyianuynveddsn NUETHUGNIIUYeNTR T.

1

¥

gondii Twilegnsioray 8 funySosas 2 \leunzSevas 4 \lielnfesas 4 Wilalnfesay 2 wazilloInhiniesay 5 edlsfinu

lnuueufauvaade 7. gondii lufiag1aniin13ngv waglinudadludiegrinuasiugnssy dmiunanisdsanuigsy

o
=1

Welaeasianweuiuensieltio T. ondii Tuwiiuazgiy wuitlanawiiuiesar 10 uaz 6 mudiu Felaiuanainisenu

v v
o

Tul 1998 ms@inwasslfiaidunisnsaam T. gondii assusnluiiodniiasugiauazeoazaslu lulmy

o o

AdAey: wid g Uednd @Sy lm Toxoplasma gondii

T

Graduate Institute of Veterinary Medicine, School of Veterinary Medlicine, National Taiwan University, No. 1, Sec 4,

Roosevelt Rd, Da’an Dist, Taipei, 10617 Taiwan, ROC.

? Department of Agronomy, College of Bioresources and Agriculture, National Taiwan University, No. 1, Sec 4,

Roosevelt Rd, Da’an Dist, Taipei, 10617 Taiwan, ROC.

? Animal Disease Control Center of Changhua County, No 2, Chungiang Rd, Changhua County, 50093 Taiwan, ROC

*f5UARYaUYNA2IU E-mail: dsl@ntu.edu.tw (D. S. Lin)

Introduction

Toxoplasma gondii (T. gondii), an obligate
intracellular protozoa, is an important food-borne
zoonotic protozoa. Infection occurs when humans and
warm-blooded animals consume raw or lightly
cooked cysts containing meat or sporulated oocysts
contaminated food. T. gondii may cause abortion in
food animals, cerebral and ocular lesions in children
with  perinatal infection, and fatality in
immunocompromised individuals (Davidson, 2000).
T. gondii tissue cysts are rendered non-viable when
meat is frozen (-120C), heated (internal temperature
66°C), or irradiated (0.5 kilogray). Currently, no drugs
are available to kill T. gondii cysts (Dubey, 1988;
Dubey, 1996; Dubey et al., 2005).

Toxoplasmosis has been observed in food
animals in many countries indicating the significance
of food animals in the epidemiology of toxoplasmosis.
T. gondii has been frequently observed in pork or pig
organs (heart, brain, liver, spleen) (Pop et al., 1989;
Choi et al., 1997; Dias et al., 2005). In the ruminants, T.
gondii has been identified in muscle, heart, liver and
lung of cattle (Pop et al., 1989; Dubey, 1992; Arias et
al., 1994; Moré et al.,, 2008) and in muscle of sheep
(Pop et al., 1989). Attention must also be paid to the
potential importance of chicken flesh and internal
organs in public health because T. gondii organisms
have been found in chicken flesh, heart, liver and
gizzard (Kaneto et al., 1997; Deyab and Hassanein,
2005; Dubey et al., 2007). It has been shown that T.
gondii cysts are more often isolated from pork than
beef and chicken (Dubey et al., 2005). Nevertheless,
there is no significant difference in the bioassay of the
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muscle of pig, cattle and sheep as to the presence of T.
gondii in different animal species (Pop et al., 1989).

The widespread T. gondii infection in Taipei
has been shown by serologic survey with antibody
prevalence being 7% for humans (Lin et al., 1998),
7.9% for pet dogs (Lin, 1998), 8% for stray dogs (Lin et
al., 2004), 7.7-14% for pet cats (Lin et al., 1990; Lin et
al.; 1998), and 37% for stray cats (Lin et al., 1998). In
Taipei Zoo, as high as 38.75% of animals and 8.48% of
employees were seropositive (Lin et al., 2009; Liao et
al., 2011). Recent surveys in Taiwan also found that
10.1-28.8% of pigs (Fan et al., 2004; Tsai et al., 2007)
and 4.7% of pigeons (Tsai et al., 2006) were T. gondii
seropositive. However, there is no report regarding
infection condition in food animals other than pigs.

In  multivariate  analysis, the most
significantly increased risk of T. gondii infection is
related to consuming undercooked meats and internal
organs (Baril et al., 1999; Lee, 2000; Jones et al., 2009).
So far, data concerning the prevalence of T. gondii in
retail livestock meats and internal organs are not
available in Taipei. Therefore, in this study, pork, pig
livers, mutton, chicken flesh, chicken hearts, chicken
livers, gizzards and imported beef which are
frequently consumed by people in Taipei were
examined for T. gondii deoxyribonucleic acid (DNA)
by polymerase chain reaction (PCR) assay and for T.
gondii antigens by enzyme-linked immunosorbent
assay (ELISA).

In addition, commercial raw meat diets
containing T. gondii cysts may cause food-borne
infection in pets. The potential risk of human infection
is closely related to the infected pets and their
environments. (Strohmeyer et al., 2006). Infected cats
may shed oocysts in their feces (Davidson, 2000). The
mechanical spread of T. gondii to humans can also be
conducted by dogs via ingesting or rolling in cat feces
contaminated with oocysts (Lindsay et al., 1997).
Therefore, the prevalence of T. gondii infection in pets
should be viewed as a potential indicator when
investigating the degree of the T. gondii contamination
in the environments. Since the last survey on pet cats
and dogs had been conducted in the year 1998 (Lin,
1998; Lin et al., 1998), therefore, serosurvey on T.
gondii was also performed in pet cats and dogs. To
improve the specificity of antibody detection, ELISA
in combination with immunoblotting was used to
detect antibody to a unique 30 kilodalton (kD) T.
gondii surface antigen, P30 (Lin and Su, 1997).

Materials and Methods

Collection of samples: One hundred samples of pork,
pig livers, mutton, chicken flesh, gizzards, chicken
livers, chicken hearts and imported beef were
purchased from three supermarkets in Taipei City.
These meats and internal organs are usually frozen
before being put on supermarket refrigerator shelf. Six
pieces of one-gram sample were randomly cut from
each livestock meat or internal organ. Two were
subjected to nested PCR for DNA detection, two were
examined by ELISA for antigen detection, and the rest
were stored at -70°C for microscopic examination for
cysts when DNA or antigen detection was positive.
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One hundred samples of venous blood were
obtained from cats and dogs correspondingly at the
National Taiwan University Animal Hospital. After
clotting at 4°C overnight, sera were collected for
antibody detection. This study was performed in the
period of 2008-2010.

Preparations of T. gondii DNA and antigens

Preparations of T. gondii DNA as positive control for
nested PCR: The maintenance of the RH strain of T.
gondii has been described previously (Lin, 1998). T.
gondii tachyzoites were lysed in buffer containing
0.5% sodium dodecyl sulfate (SDS), 100 mM sodium
chloride (NaCl), 10 mM ethylene diamine tetra-acetic
acid (EDTA), 10mM Tris-Cl (pH 8.0), and 0.1 mg/ml
proteinase K (Sigma Chemical Co, St. Louis, MO,
USA). DNA was extracted with phenol-chloroform
after incubation for 4 hours at 55°C. DNA was then
precipitated with 3M sodium acetate at -200C. After
centrifugation for 10 min at the speed of 10,000 xg,
DNA pellet was washed in 70% ethanol and mixed
with TE buffer (1 mM EDTA, 10 mM Tris-Cl, pH 8.0).
DNA was purified again and the resulting pellet was
mixed with TE buffer. DNA concentration was
measured by UV absorption (260/280 nm). The
quantified T. gondii DNA would be used as positive
control for nested PCR.

Preparations of T. gondii whole antigens for
antibody-ELISA (kinetics-based ELISA) and as
positive control for antigen-ELISA (avidin-biotin
ELISA): In preparation of soluble whole T. gondii
tachyzoite antigens, tachyzoites were suspended in
phosphate-buffered saline (PBS), and treated with
freezing-thawing (three cycles) and ultra-sonication
(10 times, 35 watts/30 sec each) (Heat Systems Inc.,
Farmingdale, NY, USA). After centrifugation for 40
min at the speed of 10,000 xg at 49C, soluble whole
tachyzoite antigens were collected. Following
measurement of protein concentrations (Bio-Rad Lab,
Richmond, CA, USA), whole tachyzoite antigen
solution was stored at -700C until used.

Preparations of T. gondii membrane antigens for
immunoblotting: In preparation of soluble membrane
antigens for immunoblotting, tachyzoites were
suspended in Nonidet-P40 (1% in 50 mM Tris, pH 8.0;
Sigma Chemical Co.). After incubation for 12 hours at
40C, the suspensions were centrifuged for 40 min at
the speed of 10,000 xg at 49C. Soluble membrane
antigens were collected. Following measurement of
protein concentrations (Bio-Rad Lab), membrane
antigen solution was stored at -70°C until used.

Examination of T. gondii in livestock meats and
internal organs

T. gondii B1 gene detection by nested PCR: Two
pieces of one-gram sample were used. Each one gram
of sample was added to the last amount of 1 ml
digestion solution containing proteinase K (0.1
mg/ml), SDS (0.5%), EDTA (10 mM), NaCl (100 mM),
and Tris-Cl (10mM, pH 8.0) (Sigma Chemical Co.).
Samples were then homogenized, and incubated at
550C for 18 hours with shaking. Samples were then
mixed vigorously and incubated at 55°C for 4 hours
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with shaking. After centrifugation for 10 min at the
speed of 10,000 xg, the supernatants were stored at

-200C until used. Amplification of DNA was carried
out in a 100-pl reaction mixture containing sample
fluid and reaction buffer (50 pmol of each primer, 250
uM of each dATP, dGTP, dCTP, dTTP, 2.5 units of
Taq DNA polymerase, 2 mM MgCl,). All reagents
were purchased from Promega Co, WI, USA. Four
oligonucleotides used were: primer 1: 5'-
GGAACTGCATCCGTTCATGAG-3', primer 2: 5'-
TGCATAGGTTGCAGTCACTG-3', primer 3: 5'-
GGCGACCAATCTGCGAATACACC-3' and primer 4:
5'-TCTTTAAAGCGTTCGTGGTC-3'. Primers
originated from T. gondii B1 gene were used because
this gene is conserved in all isolates found and is also
present as a minimum 35-fold in the genome.
Genomic DNA was amplified in Gene CyclerTM
thermal cycler (Bio-Rad Lab.) with primer 1 and
primer 4 over 30 cycles of denaturation at 94°C for 60
sec, annealing at 50°C for 60 sec and extension at 720C
for 90 sec. A final extension of 7 min at 720C was used.
The expected PCR product was 193 base pair (bp).
Two microliters of PCR product were used to perform
a nested PCR reaction with primer 2 and primer 3
over 30 cycles of denaturation at 94°C for 30 sec,
annealing at 50°C for 30 sec and extension at 72°C for
1 min. A final extension of 3.5 min at 720C was used.
With this method, a 94-bp product could be detected
on 3% MetaPhor agarose (FMC BioProducts,
Rockland, ME, USA) after being treated with
ethidium bromide (1 pg/ml, Promega Co.). Molecular
size marker used was 100 bp DNA ladder (Promega
Co). Positive control consisted of T. gondii DNA and
negative control was digestion buffer only.

Avidin-Biotin ELISA for T. gondii antigen detection:
Two pieces of one-gram sample were used. Each one
gram of sample was added to the last amount of 1 ml
PBS containing 0.04% phenylmethylsulfonyl fluoride
(Sigma Chemical Co). Samples were then
homogenized and the supernatants were collected by
centrifugation. Avidin-biotin ELISA was performed as
previously described (Lin and Hung, 1996). The
optimal concentrations of various reagents were
previously determined by checkerboard titration. One
hundred pl of rabbit IgG to T. gondii (20 pg per ml of
0.1 M bicarbonate buffer) were put into each well of
96-well, flat-bottom, MaxiSorp microplates (Nunc,
Roskilde, Denmark). Following incubation overnight
at 49C, the plate was washed with 0.05% Tween 20 in
PBS (PBST) by a microplate washer (Dynatech Lab.,
Chantilly, VA, USA). Then, 200 ul of blocking buffer
[3% skim milk (Difco Lab.) in PBST] were added. The
plate was incubated at 370°C for 30 min and washed.
After addition of 100 pl samples, the plate was
incubated at 379C for 40 min. Whole T. gondii
tachyzoite antigens were applied as a positive control.
After being washed again, 100 pl biotinylated rabbit
anti-T. gondii IgG (1 mg/ml) diluted to 1:100 in
blocking solution were added. Another 40 min of
incubation at 370C was performed and 100 pl of
peroxidase labeled avidin (1 mg/ml, Sigma Chemical
Co) diluted to 1:4,000 in blocking solution were
placed in each well. The plate incubated for 40 min at
379C rinsed with PBST. One hundred microliters of
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substrate containing O-phenylenediamine (Sigma
Chemical Co) were added. The plate was kept in the
dark for 14 min at room temperature. Fifty microliters
of 4M H,SO4 were put in to stop the reaction. Reading
of the plate was at 490 nm by an ELISA reader
(Dynatech Lab). Positivity was considered as the
optical density value was greater than mean value of
30 negative controls plus 3 standard deviations.

Microscopic examination for T. gondii cysts: Two
pieces of frozen one-gram sample from the livestock
meats or internal organs, of which DNA or antigen
tested positive, were ground separately using a tissue
grinder. To each gram of ground tissue, 10 ml of
digestion fluid [PBS containing 0.5% pepsin and 0.7%
HCI acid (Sigma Chemical Co)] were added. After
incubation at 37°C for 2 hours with stirring, the
homogenate was centrifuged 1 min at 250 xg and
decanted. The sediment was then resuspended in 10
ml PBS, recentrifuged and decanted again. The
resulting precipitate was mixed with 1 ml PBS and
subjected to microscopic examination for T. gondii
cysts. (Dubey, 1998).

Serum T. gondii antibody detection

Kinetic-based ELISA: Soluble whole tachyzoite
antigens, 50 pl (20 pg/ml in 0.1 M bicarbonate buffer,
pH 9.6) per well, were placed in the MaxiSorp™ plate
(Nunc). After incubation at 4°C overnight, the plate
was washed with PBST by a microplate washer
(Dynatech Lab). One hundred microliters of blocking
solution, 3% skim milk in PBST, were then added. The
plate was incubated for 40 min at 37°C and was
washed again. Following addition of 50 ul of 1:20
diluted dog or cat serum in blocking solution, the
plate was incubated for 40 min at 370C. Negative and
positive control sera were also applied. After
washing, 100 pl of peroxidase-labeled either goat anti-
cat IgG or rabbit anti-dog IgG antibody (Biogenesis
Ltd., England, UK) at 1:8,000 dilution were added.
The plate was incubated again at 370C for 40 min and
washed. Following addition of 100 pul substrate, O-
phenylenediamine (Sigma Chemical Co), the plate
was read (at 450 nm) by an ELISA reader (Dynatech
Lab.). Consequently, the reaction rate between the
bound peroxidase conjugate and substrate was
calculated by three absorbance data at 2-min intervals
each. The absorbance values and times showed a
linear relationship. Thus, the regression coefficient
(slope of substrate conversion rate by enzyme) was
directly proportional to the amount of antibodies
existed in the serum. Samples were tested in triplicate.
Positivity was considered when the mean Kkinetic-
based ELISA value was equal to or larger than 0.02.
(Lin et al., 1992). The positive samples were then
subjected to immunoblotting assay.

Immunoblotting assay for P30 antibody detection: A
minigel equipment (Biometra Inc., Tampa, FL, USA)
was used for SDS-polyacrylamide gel electrophoresis.
All the reagents used were provided by Bio-Rad Lab.
T. gondii membrane antigens, extracted by Nonidet-
P40, were mixed with reducing sample buffer
containing 5% 2-mercaptoethanol. After heating for 4



Fuh YB et al./ Thai ] Vet Med. 2013. 43(1): 15-21.

min at 90°C, 5 ul of the above solution, containing 12.5
pg of membrane antigens or pre-stained low
molecular weight standards (Bio-Rad Lab), were
subjected to 12%  SDS-polyacrylamide  gel.
Electrophoresis was performed at 120 voltages for 1
hour. A blotting equipment (Biometra Inc) was used
to transblot the gel onto a nitrocellulose paper (BA83,
Schleicher & Schuell, Germany). Then, nitrocellulose
paper was incubated with 1:100 diluted kinetic-based
ELISA positive sera in blocking buffer containing 1%
Triton X-100 (Sigma Chemical Co) for 1 hour at room
temperature. Negative and positive control sera were
also applied. After washing, nitrocellulose paper was
incubated with 1:500 diluted peroxidase-labeled either
goat anti-cat IgG or rabbit anti-dog IgG antibody
(Biogenesis Ltd., England, UK) at room temperature
for 1 hour and washed again. Finally, substrate, 4-
chloro-1-naphthol (Sigma Chemical Co.), was added.
Positivity was revealed by the formation of a 30-kD
band, P30.

Statistical analysis: The seroprevalence of pets
observed in this study was compared to those
observed previously by us (Lin, 1998; Lin et al., 1998)
using R Project for Statistical Computing.

Results

Detection of T. gondii DNA in livestock meats and
internal organs by nested PCR

The appearance of a 94-bp product on
agarose in one of the two pieces of one-gram sample
tested was referred as positive result (Fig 1). In the pig
samples, 8% of pork and 2% of pig livers were
positive. Of the beef and mutton samples tested, 5%
and 4% were positive respectively. In the chicken
samples, T. gondii DNA was found in 4% of flesh and
2% of hearts, but not in gizzards or liver (Table 1). The
sensitivity of the nested PCR was 25 fg DNA/ml.

Detection of T. gondii antigens in livestock meat and
internal organs by avidin-biotin ELISA: No T. gondii
antigens were detected in all the samples. The
sensitivity of avidin-biotin ELISA was 4 ng
antigen/ml.

Microscopic examination for T. gondii cysts: No T.
gondii cysts were found in the samples from livestock
meats or internal organs of which DNA was tested
positive.

Detection of T. gondii antibodies in pets’ sera by
kinetic-based ELISA and immunoblotting:

Only sera positive in both kinetic-based ELISA and
immunoblotting assay were regarded as true positive.
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In kinetic-based ELISA positive samples, 6 out of 7
dog sera and 10 out of 12 cat sera were also positive in
immunoblotting showing a 30-kD band (Fig 2). Thus,
the seroprevalence of T. gondii antibodies in dogs and
cats were 6% and 10% correspondingly. The relative
sensitivity and specificity of immunoblotting for
measurement of serum IgG antibodies to P30 were
100%, 93.7% for dogs and 100%, 97.9% for cats
respectively.

M12345

300 bp

100 bp 94 bp

Figure 1 Nested polymerase chain reaction of pork samples
after ethidium bromide staining on 2% MetaPhor
agarose gel. M: molecular size markers (100 bp
DNA ladder); Lane 1: digestion buffer only; Lanes
2-4: pork samples (lane 2: negative, lanes 3-4:
positive); Lane 5: positive control with T. gondii
DNA. Positive result shows the 94-bp product of
T. gondii-specific B1 gene.
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Figure 2 Immunoblotting assay for P30 antibody detection of
cat serum samples. Lane 1: negative control; Lanes
2-6: cat serum samples (lanes 2, 3, 5 & 6: positive,
lane 4: negative); Lane 7: positive control; M: pre-
stained molecular weight standards; kD:
kilodalton. Positivity is revealed by the formation
of a 30-kD band, P30.

Table 1 Prevalence of T. gondii DNA, antigens, and cysts in livestock meats and internal organs sold at supermarkets in Taipei

during 2008-2010

Method for T. gondii

Livestock meats and Internal organs

Detection Pork  Pigliver Beef  Mutton Chicken flesh  Gizzard Chicken heart Chicken liver
DNA' 8% 2% 5% 4% 4% 0 2% 0
Antigen' 0 0 0 0 0 0 0 0
Cyst’ 0 0 0 0 0 ND' 0 ND

1N =100; 2 Samples from the meats or internal organs of which DNA tested positive

3 Not done
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Statistical analysis

The seroprevalence of pets observed in this
study is not significantly different from those
reported in the year 1998 (Lin, 1998; Lin et al., 1998),
which were 7.9% (n = 658) for pet dogs (X2=0.2162, p
= 0.64) and 14% (n = 57) for pet cats (X2 = 0.0453, p =
0.8314).

Discussion

This is the first report on T. gondii in
livestock meats and internal organs in Taipei. PCR is
the most sensitive technique for T. gondii DNA
detection (James et al.,, 1996; Cresti et al., 2001;
Buchbinder et al.,, 2003; Hill et al., 2006b). In this
survey, we found the prevalence of T. gondii DNA in
pork and in pig liver to be 8% and 2% respectively.
The real prevalence should be higher because the
organisms might not be present in the samples cut.
Recent serologic results also indicated that 10.1-28.8%
of market-age pigs in Taiwan were T. gondii
seropositive (Fan et al, 2004; Tsai et al., 2007).
Nevertheless, T. gondii antigens were not detected in
all samples and T. gondii cysts were not found in those
DNA positive samples. It is possible that the limited
sensitivity of both antigen-ELISA and microscopy
contributes to the negative findings.

This report also revealed the prevalence of T.
gondii DNA to be 5% in beef, 4% in mutton, 4% in
chicken flesh, and 2% in chicken heart. No T. gondii
antigens were detected in all samples and no cysts
were found in those DNA positive samples.
Nevertheless, the discovery of T. gondii DNA in
livestock meats and internal organs indicated the
presence of T. gondii organisms in these positive
items. Currently, there are no data concerning T.
gondii infection status of goats, chickens or imported
beef in Taiwan.

By combination of both kinetic-based ELISA
and immunoblotting, this study showed that 6% of
pet dogs and 10% of pet cats in Taipei were T. gondii
seropositive. Surprisingly, the seroprevalence of pets
observed in this study is not significantly different
from those reported in the year 1998, which were 7.9%
for pet dogs (Lin, 1998) and 14% for pet cats (Lin et al.,
1998). Previous study also indicated that 7% of the
people in Taipei had detectable antibodies to T. gondii
(Lin et al., 1998).

Multivariate analysis has shown that an
increased risk of T. gondii infection is related to
consuming undercooked meats, having a pet cat and
poor hand hygiene (Baril et al., 1999; Lee, 2000; Dubey
et al., 2005; Jones et al., 2009). It has been reported that
T. gondii tissue cysts are killed in pork stored at -120C
for 3 days (Dubey, 1988) or at 0°C or below for 7 days
(Hill et al., 20062). In addition, cooking meat to an
internal temperature of 66-67°C renders tissue cysts
non-viable (Dubey, 1996; Dubey et al, 2005). In
Taiwan, livestock meats and organs are usually frozen
before being sold in supermarkets and most people
tend to cook meat before eating. However, the
seroprevalence of T. gondii antibodies in humans and
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pets in Taipei is apparently higher than we expected.
This discrepancy is probably due to the following
reasons: 1. Although meats and internal organs are
usually frozen before being put on supermarket
refrigerator shelf, the freezing temperature may not
be low enough and/or freezing time may not be long
enough to kill T. gondii cysts. 2. In contrast, meats and
internal organs sold in traditional markets are not
frozen or treated with irradiation. 3. Furthermore, due
to personal eating and cooking habits, internal
temperature of the meats may not reach 67°C. 4.
Finally, the environments have already been
contaminated by oocysts excreted by infected cats,
especially stray cats.

In conclusion, in this survey of T. gondii in
Taipei, we found the presence of DNA in livestock
meats and internal organs in supermarkets and the
seropositivity in cat and dog sera. These findings
reflect the potential importance of livestock meats and
internal organs in public health and the existence of T.
gondii contamination in the environment. Continued
education for food producer, consumers, and medical
practitioners is required for further prevention and
control of food-borne parasitic zoonoses.
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