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Abstract

Trichomoniasis, which is caused by Trichomonas vaginalis, is one of the most common

non-viral sexually transmitted infections; however, limited population-based data are avail-

able that describe patterns and trends of the disease. We summarized insurance claims of

trichomoniasis cases reported during 2009–2014 to South Korea Health Insurance Review

and Assessment Service. The average annual incidence in South Korea was 276.8 persons

per 100,000 population, and a substantial sex-associated variation was observed. The inci-

dence rate among female subjects trended upward over 6 years, that is, it increased from

501 in 2009 to 625.8 in 2014 per 100,000 female population, which indicates a 25% overall

increase. This trend was sharpest in the�60 years group of female population. However, a

66% decrease in incidence rates was observed among male subjects (23.7 in 2009 to 15.7

in 2014 per 100,000 male population). Further, substantial decrease was observed in the

�40 years groups of male population. The incidence of trichomoniasis varied across regions

and was the highest in Jeju province of South Korea. Overall, as the incidence of trichomoni-

asis appears to have increased in South Korea during 2009–2014, the disease burden is

increasing; hence, there is a need to better understand the disease transmission.

Introduction

Trichomoniasis caused by the Trichomonas vaginalis (T. vaginalis) manifests vaginitis and cer-

vicitis in women, and serious complications including infertility, preterm birth, and pelvic

inflammatory disease potentially occur [1–8]. Although incidence of trichomoniasis in men

was relatively lower compared with that in women, T. vaginalis infection can cause nongono-

coccal urethritis and might result in prostatitis, epididymitis, and infertility in men [9–11].
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However, majority of men or women with T. vaginalis infection are asymptomatic and repre-

sent a risk of transmission to their sexual partners as a reservoir of T. vaginalis [2, 12–14].

Trichomoniasis is one of the most common non-viral sexually transmitted diseases (STDs).

Although about 248 million new cases of trichomoniasis have been reported annually world-

wide [12, 15], the true incidence has not been well established. According to previous studies,

the incidence and prevalence of trichomoniasis varies by the surveillance population, time,

and region; however, high incidence rate is generally presented in women and older groups

compared to men or younger groups, which is inconsistent with other STDs, such as chla-

mydia or gonorrhea [16]. In the United States, the prevalence of T. vaginalis infection is esti-

mated to be 3.1% among women aged 14–49 years [17], and 2.3% among adolescents [18]

based on a nationally representative study. Population-based studies in Asia show lower rates,

that is, 2.9% in Shandong Province in China [19] and 1% in rural distinct of Vietnam [20].

Until now, various prevalence levels of trichomoniasis have been reported in South Korea

depending on the researchers and study populations [21]. However, population-based data

about the incidence and trends of trichomoniasis in South Korea are limited. It is imperative

for men and women to monitor changes associated with trichomoniasis in order to develop

appropriate preventive measures and control programs for reducing the disease burden. This

study determined the incidence of trichomoniasis in South Korea and examined the incidence

rates of trichomoniasis with age-, sex-, and region-specific differences from 2009–2014 using

clinical data that were obtained from the national health insurance database containing the

claims-related data for all the healthcare facilities in South Korea.

Materials and Methods

Study design

The data that were used in this analysis were obtained from the South Korea Health Insurance

Review and Assessment Service (HIRA), which contains a series of health insurance popula-

tion-based longitudinal databases that encompass approximately 97% of the people living in

South Korea (https://www.hira.or.kr/eng/) [22] (S1 Table). Analysis in this study was descrip-

tive and restricted to the evaluation of demographic variables of the registered health insurance

population in the HIRA. All residents of South Korean have a 13-digit number used for regis-

tration of individual patients in the medical insurance system, which has been used for nation-

wide epidemiological surveys. In this study, to remove overlapping medical records of patients

who received multiple episodes of treatment for the same disease at the same or different loca-

tions, or for those who transferred to other hospitals or clinics for further treatment, data were

collected using the registration number to represent all treatment for one patient in one year.

The HIRA collects the records of all the patients at hospitals or clinics, which include diagno-

ses, procedures, prescription records, demographic information, and direct medical costs. It

includes 99% of hospitals and clinics under mandatory single-payer health insurance system

[23]. Studies have systematically validated the accuracy and reliability of the HIRA data [24].

We obtained the extracted insurance claims for STDs including trichomoniasis with demo-

graphic information from 2009 to 2014 from the South Korea HIRA database using code A59

(A59.0, A59.8, and A59.9) for trichomoniasis, A50–A53 for syphilis, A54 for gonorrhea, A55

and A56 for chlamydia, A60 genital herpes, which corresponds to the International Classifica-

tion of Diseases ninth Revision codes for trichomoniasis diagnoses (131.00, 131.01, 131.02,

131.09, 131.8 and 131.9), venereal diseases due to Chlamydia trachomatis (099.5), gonorrhea

(098), and syphilis (090–097), genital herpes (054.10) [25]. Incidence rates of trichomoniasis

including other STDs were determined using the registered population in HIRA at the end of

each year as the denominator, and it was defined as the number of patients per 100,000

Current Epidemiological Trend of Trichomoniasis in South Korea

PLOS ONE | DOI:10.1371/journal.pone.0167938 December 9, 2016 2 / 13

https://www.hira.or.kr/eng/


persons registered in HIRA with health insurance. Both male and female patients were strati-

fied into the following age groups: under 20, 20 to 29, 30 to 39, 40 to 49, 50 to 59, 60 to 69, and

over 70 years. South Korea consists of eight cities, the capital of South Korea (Seoul), six met-

ropolitan cities (Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan) and one new adminis-

trative city (Sejong) and nine provinces (Gyeonggi, Gangwon, Chungbuk, Chungnam,

Jeonnam, Jeonbuk, Gyeongbuk, Gyeongnam, and Jeju). Because Sejong was inaugurated in

2012 and its population is the smallest among metropolitan cities, the incidence rates of Sejong

were excluded in regional analysis of incidence. Maps were created to evaluate nationwide dif-

ferences in incidence rates, and changes in color intensity were used. Division of color shades

was determined using six groups of incidence rates in a single map.

Results

Overall incidence and trends

During 2009–2014, trichomoniasis emerged as the most common STD among the total popu-

lation of South Korea (average annual incidence rate = 276.8 patients per 100,000 persons) fol-

lowed by genital herpes, chlamydia, syphilis, and gonorrhea (Table 1).

Among these STDs, annual incidence rates of trichomoniasis per 100,000 persons increased

by 23%, from 260.4 in 2009 to 319.1 in 2014 (Table 2).

Female individuals in South Korea had significantly high average annual incidence (537.2

patients per 100,000 female persons) than male individuals (19.9 patients per 100,000 male

persons). The highest average incidence rate in female individuals was observed in the age

group of 40 to 49 years (915.0 per 100,000 female), and this was followed by 30–39 years age

group (911.3 per 100,000 female), which showed that the majority of trichomoniasis cases in

female individuals was observed in those under 50 years of age (79% of total female patients).

In female individuals, the incidence rates of trichomoniasis increased by 25%, that is, 501.0 in

2009 to 625.8 in 2014 per 100,000 female population (Table 2) (Fig 1B). There is substantial

Table 1. Number of patients with STD and rate per 100,000 person-years in HIRA, South Korea from 2009 to 2014.

Years* 2009 2010 2011 2012 2013 2014 Average

Syphilis

No. of patients 23,916 22,046 22,537 22,535 21,608 22,334 22,496

Incidence rate** 49.2 45.1 45.7 45.4 43.2 44.4 45.5

Gonorrhea

No. of patients 21,451 19,704 18,924 16,962 14,191 14,139 17,562

Incidence rate 44.1 40.3 38.4 34.2 28.4 28.4 35.6

Chlamydia

No. of patients 26,474 26,462 25,517 25,781 24,904 26,980 26,020

Incidence rate 54.5 54.1 51.8 51.9 49.8 53.6 52.6

Trichomoniasis

No. of patients 126,572 120,771 125,703 123,875 156,262 160,543 137,036

Incidence rate 260.4 264.3 255.0 249.4 312.6 319.1 276.8

Genital Herpes

No. of patients 113,549 118,820 123,858 122,525 117,555 119,776 119,347

Incidence rate 234 243 251 247 235 238 241

* For 2009–2014, data were reported for the calendar year ending December, 31.

** Number of patients per 100,000 persons registered in HIRA per year.

doi:10.1371/journal.pone.0167938.t001
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increase of incidence rate in the age groups�60 years, such as�70 (97%) and 60–69 (58%)

from 2009 to 2014 (Fig 1D).

In male individuals, average incidence rates of trichomoniasis were the highest in the age

group of 40–49 years (38.7 per 100,000 male), which was followed by 50–59 years age group

(35.5 per 100,000 male) (Table 2); this shows that the majority of trichomoniasis cases were

observed in male individuals who were aged >40 years (67% of total male patients). However,

the incidence rates in male patients decreased by 66%, that is, 23.7 in 2009 to 15.7 in 2014 per

100,000 male population (Table 2) (Fig 1A and 1C). Notably, there is a substantial decrease in

incidence rate in male in the age groups of�70, 40–49 and 50–59 years, that is, 48%, 46% and

43% from 2009 to 2014, respectively (Fig 1C).

Regional variations

Subsequently, we examined the regional incidence rates of trichomoniasis stratified into six

groups for administrative districts in South Korea from 2009 to 2014. As shown in Fig 2, the

epidemiology of the incidence of trichomoniasis in South Korea showed the high level of

regional variation.

Between 2009 and 2014, the incidence of trichomoniasis increased substantially in almost

all regions in South Korea except Gangwon. There was a notable increase in the south regions,

such as Jeju and Gyeongnam and in west regions of South Korea such as Jeonbuk, Chungnam

and Incheon. Among South Korea’s provinces, Jeju had the highest average incidence rate of

trichomoniasis (443.2 per 100,000 persons) followed by Jeonbuk (417.2 per 100,000 persons)

during the study period (Table 3).

Although Jeju and Jeonbuk, as provinces in South Korea, have relatively higher incidence

rates of trichomoniasis, the average incidence rate of trichomoniasis tends to be slightly higher

in the cities (282.8 per 100,000 persons) than provinces (274.5 per 100,000 persons) (Table 3).

From cities/provinces and male/female perspective, the incidence rates of male inhabitants in

cities continuously decreased by 46%, that is, 25.8 in 2009 to 13.9 in 2014 per 100,000 male cit-

ies persons, and the decrease was relatively higher than that of male inhabitants in provinces

(22%) (Fig 3A). However, the incidence rate of female patients showed similar increased

trends both in cities (29% increase) and provinces (32% increase) during study period (Fig

3B).

Discussion

From 2009 to 2014 in South Korea, trichomoniasis is the most common STD, and its incidence

is increasing nationwide. In the United States, an estimated 7.4 million new T. vaginalis infec-

tions occur annually, which is considered to be approximately double the number of chla-

mydia and gonorrhea infections [26, 27]. In South Korea, annual incidence of trichomoniasis

was approximately 3.1 times higher than that of chlamydia and gonorrhea combined

(Table 1). As described in detail previously [28], microscopic examinations of vaginal wet

preparations (or “wet mount”) are still routinely performed as a diagnostic test for trichomoni-

asis in most of the primary clinics and many hospitals in South Korea rather than the more

sensitive nucleic acid amplification tests. The sensitivity of wet mounts for detecting T. vagina-
lis is only 50–70% [29–31]. Considering these situations, real incidence rates of trichomoniasis

in South Korea could be higher than those observed in this study.

The global estimated prevalence of trichomoniasis is more common in female (8 times

higher than male) [32]. From this study, it was determined that the incidence rate of trichomo-

niasis in female was 27 times higher than that in male population, indicating that the incidence

of trichomoniasis in female in South Korea was extremely higher than that in male population

Current Epidemiological Trend of Trichomoniasis in South Korea
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or the incidence of trichomoniasis in male in South Korea was significantly lower than that in

female population. T. vaginalis infection in male patients is hardly detected using diagnostic

tests for female patients because of the low number of parasites in male urethral specimens

that results in very low sensitivity. Until now, trichomoniasis has not been routinely consid-

ered in male patients attending urology clinics or hospitals in many countries including South

Korea. Thus, it is likely that low incidence of trichomoniasis in male population may be caused

by the absence of licensed diagnostic tests for male patients.

Based on this study, incidence of trichomoniasis in South Korea has increased, especially in

2013 and 2014 (Table 2). However, the incidence rate of trichomoniasis in male population

gradually declined throughout the study period (Fig 1A). Thus, the increased incidence of

trichomoniasis was due to the significantly increasing number of female patients. Interestingly,

the incidence rate of trichomoniasis in female population was not changed or slightly

decreased between 2009 and 2012 (from 501 to 482 per 100,000 female persons). However, a

Fig 1. Incidence rate of trichomoniasis per 100,000 persons in HIRA by sex and age groups, South Korea 2009–2014. Annual incidence rate of

trichomoniasis in male (A) or female (B) from 2009 to 2014. Sex-specific incidence rates of trichomoniasis according to each age group in male (C) and

female (D) from 2009 to 2014.

doi:10.1371/journal.pone.0167938.g001
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substantial increase was observed after 2013 (610 per 100,000 female persons) (Fig 1B). From

2009–2012, the incidence of trichomoniasis had been highest in the aged group 40–49 years in

both male and female population. However, in male population above 40 years of age, espe-

cially 40–49 and 50–59 years, significant decrease of incidence was observed and was persistent

throughout the study period. Whereas, in female age groups, especially 20–39 years, significant

increase of incidence was observed after 2013. There is no clear single explanation for why

incidence rate of trichomoniasis in male population decreased whereas that in female patients

increased after 2012. It has been 11 years since the Special Law on Prostitution, prohibiting the

buying and selling of sex and brothels, was implemented by the government of South Korea.

Although those laws may affect the decreased incidence in male population, the increased inci-

dence in female population cannot be explained. Although recently increased incidence of

trichomoniasis in female is likely to be partially attributable to the introduction of more

Fig 2. Nationwide trichomoniasis incidence rates according to administrative districts of South Korea from 2009 to 2014. (A) Incidence rates

per 100,000 persons in HIRA were ranked into quintiles representation. (B) Administrative districts of South Korea. The numbers shown in the map

(upper panel) corresponds to the 16 administrate districts (lower panel), 7 major cities (shaded) and 9 provinces in South Korea.

doi:10.1371/journal.pone.0167938.g002
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sensitive diagnostic tests; however, this also does not explain the decreased rates of male popu-

lation through the study period.

It has been considered that T. vaginalis infection rates increase with age in contrast to other

non-viral sexually transmitted infections [33]. The prevalence of trichomoniasis in women was

the highest in the 51–60 years group, which was followed by the>60 years and 41–50 years

groups in metropolitan areas with high STIs [34]. As shown in Fig 1D, the average annual inci-

dence rate of trichomoniasis in female subjects gradually increased with age. However, this

increase in incidence rate was not observed in women in South Korea aged>50 years. The

average incidence rate in female subjects peaked in the age group of 40–49 years (915.0 per

100,000 female persons) and was followed by those in the age groups of 30–39 years (911.3 per

100,000 female persons) and 20–29 years (845.2 per 100,000 female persons) (Table 2). This

indicates that the incidence rate of trichomoniasis among female subjects increased with age

and a majority of the incidence of trichomoniasis was observed in female subjects 20–49 years.

In contrast to trichomoniasis in female subjects, the association between T. vaginalis infection

and older age in male subjects is not fully understood [35, 36]. Previous surveillances in the

United States indicated that the highest prevalence of T. vaginalis infection was significantly

associated with age (peaking at between 51 and 60 years of age) [37]. However, Wendel et al.
reported that the prevalence of T. vaginalis infection in men aged�28 years was similar to that

in men aged >28 years [38]. In this study, incidence rate of trichomoniasis in those aged<30

years was relatively lower compared with that of the other age groups of male subjects and cor-

responding age groups of female subjects. Thus, further studies are required to check whether

trichomoniasis in male subjects <30 years is indeed rare or asymptomatic. During the revision

of this manuscript, we received and analyzed the 2015 HIRA data for trichomoniasis (S2

Table). In 2015, the incidence rate of trichomoniasis in male individuals increased from 15.7 in

2014 to 16.5 (S1A Fig). According to age groups in the male population in 2015, a decreased

trend of incidence of trichomoniasis was observed among those aged 40–49 and 50–59. How-

ever, there was a substantial increase among male individuals aged 20–29 (29%), 60–69 (33%),

and�70 (42%) (S1C Fig), compared with those in corresponding age groups in 2014. Notably,

Fig 3. Sex-specific incidence rates of trichomoniasis in HIRA according to cities or provinces group of South Korea from 2009 to 2014 (A,

male and B, female).

doi:10.1371/journal.pone.0167938.g003
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this increase of trichomoniasis in male individuals was obvious in city populations, i.e., 13.9 in

2014 and 16.5 per 100,000 male individuals in 2015 (S1E Fig). In contrast to the male popula-

tion, the incidence rate in the female population decreased by 9%, i.e., 625.8 in 2014 and 569.0

per 100,000 female individuals in 2015 (S1B Fig), mainly among those aged�20 (15%), 20–29

(14%), and 40–49 (9%) which groups were represented the majority of trichomoniasis cases in

female individuals from 2009 to 2014 (S1D Fig). In contrast to male population in 2015, a

decreased incidence rate was observed in the provincial female population (S1F Fig).

As shown in Fig 2, an increased incidence of trichomoniasis was mainly focused in south

and west regions of South Korea. The highest incidence of trichomoniasis was observed in

Jeju, which is a province in South Korea located at the southmost island. Although the highest

increase in the average incidence rate of trichomoniasis was observed in Jeju and Jeonbuk, the

trends of incidence in male or female population with trichomoniasis were different. With

respect to the female, Jeju had the highest average incidence rate of trichomoniasis (860.3 per

100,000 female persons) followed by Jeonbuk (821.7 per 100,000 female persons). With respect

to the male, Jeonbuk had the highest average incidence rate (34.9 per 100,000 male persons)

followed the Jeju (32.4 per 100,000 male persons) during the study period (Table 3). However,

the incidence of trichomoniasis increased in both male and female population in Jeju, whereas

it decreased in the male population in Jeonbuk. Moreover, significant increase of incidence

was observed in male population in Jeju, especially aged 30–59 years, from 2013 (S2 Fig). It is

unclear why high incidence of trichomoniasis persisted in this region. In Jeju, the hospital

admission rate for pelvic inflammatory disease is 1.5 times higher than that of the nation aver-

age of South Korea (1185 versus 768 per 100,000 female persons in 2014) (data obtained from

HIRA). Thus, surveillance of STIs including trichomoniasis based on highly sensitive testing

and control programs should be implemented to prevent further increase in the transmission

in these regions of South Korea.
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