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Abstract: Seroprevalence of Toxoplasma gondii infection among the residents of Cheorwon-gun, Gangwon-do, Korea,
which partly includes the demilitarized zone (DMZ), were surveyed for 4 years and evaluated by RDT using recombinant
fragment of major surface antigen (SAG1A). Sera from 1336, 583, 526, and 583 adult residents were collected on a yearly
basis from 2010 to 2013, respectively. The total positive seroprevalence was 19.3, 21.9, 23.4, and 26.8% from 2010 to
2013, respectively. The positive seroprevalence in men (23.6, 27.5, 29.5, 34.6%) was far higher than women (14.1, 18.3,
19.4, 21.4%), from 2010 to 2013, respectively. This high seroprevalence of toxoplasmosis in Cheorwon-gun may have
been influenced in part by its geographical locality of the area as it includes the DMZ, where civilian access is strictly limited, thus creating a relatively isolated area that is a well-preserved habitat. Further research is necessary to study the epidemiology of toxoplasmosis in this area.
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INTRODUCTION

lar toxoplasmosis in immune compromised patients [6-9].
Many surveys on toxoplasmosis have been performed in
Korea [10-15], which showed that the seroprevalence was 1.9
to 5.8% with the ILA test [10] and up to 7.7% with the more
sensitive ELISA [11]. But these values were still significantly
lower than those of other countries with high positive seroprevalences, which ranged from 30 to 70% [3]. However, recent
surveys have demonstrated an increasing positive seroprevalence rate ranging from 12.9 to 17.0% in certain parts of Korea
[10,12-14].
Rapid diagnostic test (RDT), the current universal trend for
diagnosis is gradually replacing ELISA as a tool for the diagnosis of toxoplasmosis, because it is a time-consuming procedure
and requires a skilled technician.
Korea has an almost 100% full health-coverage of its population, yet its seroprevalence of toxoplasmosis in certain areas
is high or increasing recently, which suggests some changes in
the toxoplasmic environment [14]. The current study presents
results of a 4 year-survey on the seroprevalence of toxoplasmosis by RDT among the residents of Cheorwon-gun, Gangwondo, Korea, which partly includes the demilitarized zone (DMZ),

Toxoplasma gondii, an apicomplexan zoonotic protozoa, is
one of the most prevalent and successful parasites worldwide.
Felids are its definitive host, and all other warm blooded animals including humans are its intermediate hosts. Toxoplasmosis is acquired either through the ingestion of tissue cysts
from undercooked meat, or consumption of food or water
contaminated with oocysts. Placental transmission of T. gondii
may cause congenital toxoplasmosis [1-3], which may result
in stillbirth or abortion in addition to serious damages to the
fetus such as severe neurological disorders after delivery [4,5].
Although clinical symptoms are rare following exposure, the
infections can transform into a chronic form, sometimes causing toxoplasmic lymphadenitis, meningoencephalitis or ocu• Received 8 June 2017, revised 17 July 2017, accepted 19 July 2017.
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Fig. 1. The surveyed area (Cheorwon-gun, Gangwon-do, Korea, which partly includes the DMZ (demilitarized zone). The 4 rightmost
districts (Geundong, Wonnam, Wondong, and Imnam) are strictly off-limits to civilians.

an area where civilian access is strictly regulated. We discuss
the general trend of toxoplasmosis in the area, and try to postulate the significance of its high prevalence and probable
cause.

MATERIALS AND METHODS
Ethics statement
This study was performed under the regulation of the IRB
Committee of Chung-Ang University (no. 2010-06-03) and
the IRB Committee of Inha University (no. 2012-28 and 2013008). This research adhered to the tenets of the Declaration of
Helsinki. All participants provided written informed consent,
and no minors were involved in the study.
All procedures and handling of mice were conducted under
an approved protocol by the Institutional Animal Care and
Use Committee (IACUC) at the School of Medicine, Catholic
University of Korea (no. CUMC-2015-0042-02, 2015-2017),
which adhered to the regulations set under the Korean Na-

Table 1. Seroprevalence of T. gondii by RDT in Cheorwon-gun
(Gangwon-do, Korea) residents according to gender		
Year

Total

Male

Female

2010
2011
2012
2013

258/1,336 (19.3)a
128/583 (21.9)
123/526 (23.4)
156/583 (26.8)

172/728 (23.6)
64/233 (27.5)
61/207 (29.5)
82/237 (34.6)

86/608 (14.1)
64/350 (18.3)
62/319 (19.4)
74/346 (21.4)

Percentage of positive cases.			

a

tional Animal Protection Act.
Serum collection
Sera from 1336, 583, 526, and 583 adult residents in Cheorwon-gun, Gangwon-do, Korea (Fig. 1) were collected on a
yearly basis from 2010 to 2013 (Table 1).
Rapid diagnostic test (RDT)
IgG/IgM RDT mounted with recombinant fragment of major surface antigen (SAG1A), GST-linker-SAG1A [12,16], were
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Fig. 2. General trends of positive seroprevalence of toxoplasmosis according to gender and age in the surveyed area.

applied to the sera mentioned above.
Briefly, 10 μl of serum was applied to the RDT sample hole
and eluted with RDT buffer a few seconds later. Reacting bands
were read after 15-20 min and its density was determined arbitrarily as 0, +, ++, and +++. Definite reactivity was determined
as ++ (mid), while weaker and stronger reactivity compared to
it was determined as + (weak) and +++ (strong). The final results were agreed upon by the 3 investigators.

RESULTS
The positive seroprevalence of the residents in Cheorwongun was high from the beginning of the survey in 2010 at
19.3% (258/1336). The posivitive seroprevalence was maintained at high rates in subsequent years, and simultaneously
showed a gradual increase, to 21.9% (128/583), 23.4%
(123/526), and 26.8% (156/583) in 2011, 2012, and 2013, respectively (Table 1; Fig. 2).
According to gender, the positive rate of males was always
higher than that of females, maintaining roughly a 1.5 ratio
throughout the survey period. The positive rate of both genders showed a gradual increase in subsequent years.
In regard to age, positive rates increased gradually in most
age groups, regardless of gender. The seroprevalence actually
decreased gradually in the < 49 years old female group from
2010 to 2012, but surged back in 2013, exceeding the seroprevalence seen initially in 2010.
The > 80 years old female group showed a fairly low seroprevalence in 2010, but a major surge was observed the next
year in 2011, after which a similar gradual decrease that was
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Fig. 3. Changing patterns of RDT reactivity of toxoplasmosis in
seropositive cases.

also present in the < 49 years old female group was observed.
When comparing the age groups according to gender, the
positive rate of men was always higher than that of women in
the same age group, as noted above. Nevertheless, positive seroprevalence showed a steady increasing trend in both genders
(Fig. 2).
RDT reactivity changes were also observed in seropositive
cases during the survey period. The ratio of the mid-reactivity
group was relatively constant. However, the strong-reactivity
group showed a gradual decrease in its ratio, from 2010 to
2012. It surged back to the 2010 ratio in 2013. The weak-reactivity group showed a mirror-shaped change to that of the
strong-reactivity group (Fig. 3).

DISCUSSION
Since Soh et al. [17] first reported the seropositive rate of
5.6% in 373 Koreans by skin test using toxoplasmin in 1960,
several serological methods, such as indirect fluorescent antibody test (IFAT), indirect latex agglutination test (ILA), and
ELISA, have been developed for detection of T. gondii infection.
However, most of these methods need whole cell lysates of T.
gondii as an antigen, which is expensive and time-consuming
to prepare. We developed a detection method in the form of
rapid diagnostic test (RDT) using recombinant proteins as antigens [16] to overcome these disadvantages.
The seroprevalence of T. gondii in Korea has remained relatively constant since 1960. However, a major surging increase
can be observed since 2010 among residents of Cheorwon-
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gun. The explosive increase in seroprevalence may have been
caused by several factors that may reflect environmental and
socioeconomic changes undergoing in Korea. Our study has
been performed around the border of Korea, one of the most
naturally preserved areas in the world [18]. Not surprisingly, a
relatively high population of local fauna would result in a high
seroprevalence of intermediate hosts for T. gondii [19]. Sometimes local wild animals are captured by a snare to be consumed among family members and relatives.
Meat consumption, both domestic and imported, has increased dramatically in Korea. Combined with the organic fervor seen nowadays, domestic free-range animals are in high
demand, which could be another potential route for toxoplasma infection [20,21]. Another source of infection, albeit minor, may be migratory birds [22,23]. As mentioned above,
Cheorwon-gun includes the DMZ, where civilian access is limited, thus creating a relatively isolated area that is a well-preserved, world-renown temperate natural habitat. This area provides an important shelter for these birds. During the avian influenza crisis in recent years, a high number of migratory birds
have been positively identified with the virus, these birds may
transmit toxoplasmosis from high endemic regions [24].
The positive seroprevalence of men was always higher than
that of women, maintaining roughly a 1.5-fold higher ratio
throughout the survey period. Some Koreans, mostly men, still
have the misbelief that the raw viscera of animals have special
nutrients good for their stamina, so they eat them raw. This
may in part explain the higher toxoplasma seroprevalence of
men observed in our study, besides being more socioeconomically active.
In regard to age, positive rates increased gradually in all age
groups, regardless of gender. However, the seroprevalence actually decreased gradually in the < 49 years old female group
from 2010 to 2012, but surged back in 2013, exceeding the seroprevalence seen initially in 2010. This group may have experienced a population shift as younger women moved away
from this area, while new infections developed among the remaining population. The gradual decrease that was present in
the < 49 years old female group was also observed in the > 80
years old female group. Population decrease due to death
caused by advanced age may have been a contributing factor.
Our previous study has determined the overall specificity
and sensitivity of the RDT to be 100% and 97.1%, respectively
[16]. RDT uses rSAG1A-GRA2 antigen [12,16]. A chronic infection history implies abundant antibodies against various

antigens such as SAGs, GRAs, and MICs, which could be detected by the ELISA, whereas RDT would be limited in this respect, as only 2 antigens are detected.
RDT reactivity changes were also observed among seropositive cases during the survey period. The ratio of the mid-reactivity group was relatively constant, but the strong-reactivity
group showed a gradual decrease in its ratio, from 2010 to
2012, which surged back to the 2010 ratio in 2013. The weakreactivity group showed a mirror-shaped change to that of the
strong-reactivity group. If we assume strong reactivity as being
responsible for active or new infection, it may be implied that
the incidence of new cases of toxoplasmosis was on the decline, but then recurred back in force after 2013. Subsequent
studies may shed light on the issue.
Toxoplasmosis is prevalent throughout the world but clinical manifestations are rare, so it is mainly neglected in major
health policies. Korea is on the verge of becoming an advanced
country with an almost 100% full health-coverage of its population, yet its seroprevalence of toxoplasmosis in certain areas
is increasing rapidly. A major surge in seroprevalence, coupled
with a change in disease characteristics at any point in the future may cause a major health threat. It is necessary to find
both symptomatic and asymptomatic patients and confirm
their risk factors. The current study presents a general trend of
toxoplasmosis in the Cheorwon area, and provides basic data
which could be helpful for establishing plans to control the
potential complications of Toxoplasma infection, namely lympadenitis, retinochoroiditis, and encephalitis [25-27].
In conclusion, we recommend continuous periodic surveys
to determine the infection status, including new infections, of
T. gondii. Indeed, the problems may not be limited to this relatively isolated area, so the postulated causes in this study may
be applied to a full-scale national survey to screen the national
Toxoplasma seroprevalence.
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