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Toxoplasma gondii is a zoonotic parasite that can infect hu-
mans and nearly all warm-blooded animals. Although almost 
all warm-blooded animals can serve as intermediate hosts, cats 
are essentially the only animal that acts as a definitive host and 
can excrete oocysts into the environment. Many studies have 
reported the prevalence of T. gondii in cats as it is important in 
public health. Particularly, the prevalence of T. gondii infection 
in household cats was 24.9-65.9% in the Western countries [1-
3] and about 35% in the Middle East countries [4]. Meanwhile, 
in Asia, its prevalence in cats was reported to be lower; 17.9% 
in Guangzhou, China [5] and 8.7% in Japan [6]. In Korea, sev-
eral epidemiological surveys have been conducted on T. gondii 
infection in stray cats [7,8]; however, the only survey for house-
hold cats was conducted by us on small populations in the 
capital city of Seoul [9]. Recently, the companion pet market 
has increased in Korea and has led to an increase in the import 
of various cat species. In parallel to this trend, the number of 
household cats has also steadily increased, but no surveys have 

been conducted on T. gondii infection among a large number 
of household cats. Therefore, the aim of this study was to in-
vestigate the prevalence of T. gondii infection among house-
hold cats in Korea and its relation to the lifestyle of these house-
hold pets.

A total of 474 blood samples from the jugular vein of house-
hold cats were collected from April 2009 to June 2011. When 
cats were brought to the local veterinary clinic in Seoul for a 
regular health check or medical examination by the owners, 
blood sample collection and the owner completion of a ques-
tionnaire were conducted under the owner’s agreement. The 
questionnaire included items on how the owner acquired the 
cat, the birth of origin, and the lifestyle of the pet in order to 
provide information on the possible routes for T. gondii infec-
tion. Sera were separated after blood cell sedimentation (cen-
trifugation at 2,000 g for 5 min) and stored at -20˚C until use. 

The total lysate antigen (TLA) was prepared from RH tachy
zoites, and ELISA was performed as previously described [10] 
with several modifications. Briefly, the tachyzoites were ob-
tained from BALB/C mice, which were infected intraperitone-
ally 4 days earlier with T. gondii. The tachyzoites were washed 
several times with PBS and were sonicated for 30 sec on ice to 
prepare the homogenate. The suspension was subsequently 
centrifuged at 15,000 g for 5 min at 4˚C, and the supernatant 
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Abstract: Several epidemiological surveys have reported the prevalence of Toxoplasma gondii infection in stray cats in 
Korea, but little information is available on T. gondii infection in household cats. The aim of the present study was to as-
sess the prevalence and risk factors of T. gondii infection among household cats reared in Seoul, Korea. A total of 474 
blood samples were collected from clinically healthy household cats. All samples were tested using ELISA and PCR. The 
risk factor analysis was based on a questionnaire filled out by the owners. The overall positive rate for ELISA and PCR as-
says was 2.2% (10/437) and 2.1% (10/474), respectively. With regard to the origin of cats, the positive rates among cats 
adopted from the animal shelter and veterinary clinic for stray cats were significantly different (P<0.05). Our study dem-
onstrated that the positive rate of T. gondii infection in household cats was low and that this low prevalence was assumed 
to be associated with keeping the cats indoors and restriction of eating raw food and uncooked meat. Therefore, we sug-
gest that the owners check the origin of the cats prior to adoption to prevent infection of other animals, including humans.
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was retained. The concentration of the lysate was measured by 
a Bio-Rad Protein assay kit (Bio-Rad Labs, Richmond, Virginia, 
USA), and stored at -70˚C until use. ELISA plates (Costa, Cam-
bridge, Massachusetts, USA) coated with 2.5 µg/ml of TLA in 
coating buffer (pH 9.6) were incubated at 4˚C overnight and 
then washed 5 times with PBS-Tween 20 (0.05%). Next, the 
plates were filled with blocking buffer (5% skim milk in PBS-
Tween 20), incubated at 37 C̊ for 1 hr and then washed 5 times. 
The sera diluted with the same solution were deposited at 200 
μl/well (dilution of 1:100) and incubated for 60 min at 37˚C. 
After the wells were washed 5 times, TLA-specific IgG was de-
tected by using a horseradish peroxidase-conjugated anti-cat 
IgG (Jakson, Bar Harbor, Maine, USA) diluted 1:5,000 in block-
ing buffer and incubating buffer and incubation buffer, with 
the wells incubated at 37˚C for 1 hr. The colorimetric reaction 
was done with TMB and stopped with 4N H2SO4. Plates were 
read at 490 nm in a spectrophotometer, and the mean absor-
bance of the samples was 0.25 as a positive reaction. Genomic 
DNA was extracted from the blood of household cats using 
the DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany), 
according to the manufacturer’s instructions. Genomic DNA 
was finally resolved in 100 µl TE buffer and stored at -20˚C. 
The target gene for amplification was a T. gondii-specific B1 
gene. The reaction was carried out with AmfiSure PCR Master 
mix (GenDEPOT, Barker, Texas, USA) and contained 1 μM of 
forward primer (5́ -AGCAAACACCGACGAACTCT-3́ ) and re-
verse primer (5́ -CATGGTTTGCATTTTGTGG-3́ ). DNA samples 
and water were added to make a final reaction volume of 25 
μl. The thermal cycle reactions were set to a first denaturing 
step of 94˚C for 5 min, then to 35 cycles of denaturation (94˚C 
for 60 sec), annealment (55˚C for 55 sec), and extension (72˚C 
for 60 sec), and finally an extension step at 72 C̊ for 4 min. Am
plification products were resolved on ethidium bromide-stain
ed 2% agarose gels by electrophoresis in Tris-acetate EDTA buf-
fer. The PCR products were purified using the QIAquick PCR 
purification kit (Qiagen) and sequenced by a commercial lab-
oratory. 

The Chi square test was used to analyze the correlation be-
tween the prevalence of T. gondii and the various components 
of the cat lifestyle using SPSS 17.0K software (SPSS Inc., Chica-
go, Illinois, USA). A P-value of <0.05 was considered statisti-
cally significant.

The population of feral or stray cats and dogs has been in-
creasing after the economic crisis in Korea. With the increase 
in feral cats, civil petitions regarding noise and other nuisance 

complaints to the Public Service Centers of the country’s re-
gional governments have also been gradually increasing. In 
addition, health professionals have raised concerns about the 
potential for human infection from T. gondii, since this zoo-
notic pathogen has been found to be widespread among feral 
cats in Gyeonggi-do and Seoul [7-9]. Meanwhile, in our previ-
ous report on T. gondii infection in household cats, no positive 
cases of T. gondii infection were detected by ELISA or PCR [9]. 
However, we noted that further studies using a larger number 
of household cats would be needed to examine the relation-
ship between the infection rate and lifestyle in order to gain a 
better understanding of T. gondii infection, since a small num-
ber of household cats were used in the previous study. For this 
reason, we surveyed the prevalence of T. gondii in a relatively 
large population of household cats and evaluated the infec-
tion rate in terms of the pet lifestyle. 

The prevalence of T. gondii was 2.2% (10/437) and 2.1% 
(10/474) as determined by ELISA and PCR, respectively (Table 
1). It was relatively low compared to that reported in other 
countries. Generally, male cats were more likely than females 
to be positive for T. gondii infection in previous reports. How-
ever, the prevalence between females and males in the current 
study was similar (Table 2). In addition, as age increased, the 
positive rate of T. gondii antibody was observed to increase [11]. 
However, in the present study, the highest positive rate of T. 
gondii infection was shown to be in the cats aged 6 months to 
2 years, with the positive rate thereafter decreasing gradually 
with age. However, this trend was not statistically significant. 

In terms of the lifestyle (Table 2), most of the household 
cats primarily ate commercial cat food (over 90%) and were 
kept indoors (over 95%). Correspondingly, the cats were re-
stricted from consumption of raw food or uncooked meat and 
primarily spent their time indoors. Although some cats occa-
sionally had a chance to go outside, they were likely moved in 
the owner’s bosom. According to the origin of the cats, the pos-
itive rate of household cats adopted from the animal shelter or 
veterinary clinic for stray cats was significantly higher than that 
of the other adopted origins, such as neighbors or other family 

Table 1. The positive rate of Toxoplasma gondii infection in house-
hold cats using ELISA and PCR assay

Assay method No. examined No. of positives Positive rate (%)

ELISA 437 10 2.2
PCR 474 10 2.1
ELISA & PCR 435 2 0.4
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Table 2. The results of a questionnaire for risk factor of Toxoplasma gondii infection in household cats based on detection methods

Variables
ELISA PCR

P-value
Examined no. (%) Positive no. (%) Examined no. (%) Positive no. (%)

Total 437 10   (2.2) 474 10 (2.1)
Sex

Male
Female
Unknown

  76 (17.4)
354 (81.0)
    7   (1.6)

  3   (3.9)
  7   (1.9)
  0

222 (46.8)
243 (51.3)
    9   (1.9)

  2 (0.9)
  8 (3.3)
  0

Age group
<6 mo
6 mo-2 yr
2-5 yr
>5 yr
Unknown

  76 (17.4)
207 (47.3)
  86 (19.7)
  62 (14.2)
    6   (1.4)

  0
  4   (1.9)
  2   (2.3)
  4   (6.4)
  0  

  57 (12.0)
254 (53.6)
  90 (19.0)
  67 (14.1)
    6   (1.3)

  0
  5 (2.0)
  2 (2.2)
  3 (4.4)
  0

Analysis of life-style
Eating habits

Cat (commercial) food
Mixed (raw+cat) food
Unknown

Habitat
Indoor
Outdoor
Unknown

Adopted origin
Neighbor/Other family
Animal shelter/Clinic
Unknown

402 (91.9)
  23   (5.3)
  12   (2.7)

422 (96.6)
  13   (3.0)
    2   (0.4)

313 (71.6)
120 (27.5)
    4   (0.9)

  9   (2.2)
  1   (4.3)
  0

  8   (1.9)
  2 (15.4)
  0

  3   (0.9)
  7   (5.8)
  0

445 (93.9)
  20   (4.2)
    9   (1.9)

454 (95.8)
  18   (3.8)
    2   (0.4)

365 (77.0)
101 (21.3)
    8   (1.7)

10 (2.2)
  0
  0

  9 (2.0)
  1 (5.6)
  0

  1 (0.2)
  9 (8.9)
  0

<0.05

Breeding environment
Alone
With other cats
With other dogs
With other cats and dogs
Other animals & Unknown

188 (43.0)
207 (47.4)
  17   (3.9)
    3   (0.7)
  22   (5.0)

  2   (1.0)
  7   (3.4)
  1   (5.9)
  0
  0

203 (42.8)
222 (46.8)
  17   (3.6)
    7   (1.5)
  25   (5.3)

  2 (1.0)
  8 (3.6)
  0
  0
  0

Consumption of raw food
Yes
No
Unknown

  32   (7.3)
385 (88.1)
  20   (4.6)

  1   (3.1)
  9   (2.3)
  0

  40   (8.4)
427 (90.1)
    7   (1.5)

  1 (0.3)
  9 (2.1)
  0

Experience of a walk
Yes
No
Unknown

  72 (16.5)
355 (81.2)
  10   (2.3)

  2   (2.8)
  8   (2.3)
  0

  51 (10.8)
423 (89.2)
    0

  2 (3.9)
  8 (1.9)
  0

members (P<0.05). In addition, the cats identified to be posi-
tive by PCR would likely have shed oocysts within the previous 
35 days [12]. Hence, although fecal examinations were not 
performed in this study, the 10 cats with PCR-positive results 
were likely to have shed oocysts during the period. Through 
the survey questionnaire, we found that the 10 cats had lived 
with their owners for 1 month to 7 years. Therefore, the own-
ers living with these infected cats might have contacted with 
oocysts shed from the cats. However, further studies are requir
ed to investigate the capacity of T. gondii to infect the owners. 

Feral and owned free-roaming cats also help spread patho-
gens such as T. gondii to humans and livestock, as well as main-
taining wildlife reservoirs [13,14]. Although no survey was con-
ducted for T. gondii infection in animal shelters in Korea, we 

assumed that the animals had a high chance of contacting T. 

gondii, since many stray or feral animals had been gathered 
and lived together. Therefore, these positive cats may have been 
infected with T. gondii when they lived in stray situations. In 
terms of the breeding environment, the positive rate of T. gon-
dii infection in household cats living with other cats was a little 
higher than that of cats living with other dogs or living alone, 
but not statistically different. The main infection route of T. 

gondii to humans and animals is through the consumption of 
raw food and uncooked meat contaminated by oocysts of T. 
gondii. However, in contrast to previous reports, no significant 
differences were observed in this study between infected and 
uninfected cats in regard to their eating habits. Based on the 
results of the questionnaire and test, we found household cats 
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in Korea are strictly kept indoors, restricted from eating raw 
food and uncooked meat, and have no chance of contacting 
other wild animals or the ground. Therefore, we could assume 
that most of the household cats adopted from the animal shel-
ter or clinic had already been exposure to T. gondii infection 
outside and then had very few chances of exposure to T. gondii 
infection after adoption. Only 2 of the cases were positive for 
both tests, and the ELISA values for these 2 cats were higher 
than those of the other ELISA-positive cats (Fig. 1). Interesting-
ly, both cats were originally stray but were discordant in regard 
to other examined factors. The reasons for differences in ELISA 
and PCR results for the household pets in this study may have a 
different detecting target with analysis, and affected by the pe-
riod of infection and the host immune responses to T. gondii.

In conclusion, our study demonstrated that the prevalence 
of T. gondii infection among household cats was low and that 
the low prevalence was caused by the cats being strictly kept 
indoors, restricted from eating raw food and uncooked meat, 
and having no chance to contact with other wild animals and 
the ground after adoption. Many of the household cats posi-
tive for T. gondii infection by ELISA and/or PCR were stray cats 
adopted from animal shelters and clinics. Therefore, the owner 
who wants to adopt a cat should identify the precise origin of 
the animal, and then keep it indoors and impose restrictions 
on its eating habits to protect from T. gondii and to maintain it 
as a safe companion animal. 
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