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Abstract: Although the global incidence of sexually transmitted infections 

is increasing annually, there are few studies in Cheonan that have analyzed 

the frequency of infection by individual bacterial species by age since 2017. 

Therefore, in this observational study, we investigated trends in sexually 

transmitted infections in Cheonan, South Korea, since 2017. From January 

2017 to November 2021, 3,297 specimens were obtained from patients who 

visited the Dankook University Hospital (Cheonan, South Korea) for STI 

screening. All collected data (obtained from men and women aged 0-93 

years) were used. This study used diagnostic test data from medical 

institutions and did not use patients' personal information, so the requirement 

for prior consent was waived. Multiplex polymerase chain reaction, the most 

efficient diagnostic method with high sensitivity and specificity for the 

detection of bacteria, was performed using an MJ Research PTC-200 

Thermal Cycler (Marshall Scientific, Richmond, VA, USA) and the Seeplex 

STD Detection Kit (Seegene, Seoul, South Korea). Using molecular 

diagnostics, sexually transmitted pathogens were detected in 1,017 samples. 

When the positivity rate was classified according to age, STIs were found to 

be more common among younger women (56%). When the positivity rate for 

each pathogen was classified according to sex, the patterns seen in male and 

female patients were different. Additionally, the prevalence of STIs has 

increased overall, from 27% in 2017 to 34% in 2021. This is consistent with 

the global trend of increasing incidence of STIs every year and the results of 

our study conducted in Cheonan and emphasized the importance of early and 

regular STI screening. It also highlights the importance of proactive measures 

such as education, prevention efforts, and improved access to healthcare to 

effectively respond to the increasing STI prevalence pattern in Cheonan.  

 

Keywords: Cheonan, Multiplex Polymerase Chain Reaction, Public Health 

Education, Sexually Transmitted Infection, South Korea 

 

Introduction  

Commonly, Sexually Transmitted Infections (STIs) 

are caused transmitted via sexual contact by bacteria, 

viruses, or parasites (NIH, 2023). Asymptomatic and 

untreated STIs not only lead to long-term health 

problems, such as infertility, but can also affect in 

infants’ morbidity and mortality (CINII, 2008). 

Approximately 374 million new infections occur 

annually, including syphilis and the STIs examined in 

this study (WHO, 2021). 
The major common causative pathogens detected 

through STI testing are Chlamydia Trachomatis (CT), 

Mycoplasma Genitalium (MG), Mycoplasma Hominis 

(MH), Neisseria Gonorrhoeae (NG), Trichomonas Vaginalis 

(TV), and Ureaplasma Urealyticum (UU) (Park et al., 2018). 

The kit used in this study also extracted six major 

common causative pathogens. An American study found 

that CT is a bacterial STI that is the most common cause 

in all sex, men, and women (CDCP, 2023). Moreover, 

MG, MH, and UU are known to cause nongonococcal 

urethritis in men. MG is also a cause of pelvic 

inflammatory infections and cervicitis (Paira et al., 2021; 

Martin and Geisler, 2021). Generally, mucosal infections 

that appear in the lower reproductive tract of women are 

gonorrhea (Park et al., 2018), and trichomoniasis is more 

common in women (CDCP, 2022). 

In general, various diagnostic methods for detecting 
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sexually transmitted pathogens, such as culture or 

serological tests, are used for each causative pathogen. 

However, at the same time, numerous pathogens are 

difficult to identify using the existing methods (Chung 

and Lee, 2017). There has been a recent interest in 

molecular diagnostic methods for detecting sexually 

transmitted pathogens. For example, Polymerase Chain 

Reaction (PCR) is a nucleic acid amplification technique 

used to identify pathogenic microorganisms and is 

widely used. (Chung and Lee, 2017). PCR is the most 

efficient diagnostic method for the detection of bacteria, 

as it has a shorter testing duration than other methods 

(Chung and Lee, 2017; Rezaei et al., 2022). Therefore, 

the molecular diagnostic method used to identify various 

pathogens in a short period of time is PCR. 

The prevalence of STIs is a serious public health 

problem in both developing and developed countries 

(Mariani et al., 2021). STIs have high morbidity rates in 

both men and women and have an incidence of 150 

million new cases annually (Cho, 2010). Despite the 

global annual trend of increased STI rates, there are few 

studies in Cheonan that have analyzed the frequency of 

infection by individual bacterial species according to age 

among sexually transmitted infection cases since 2017. 

There is a need for comprehensive research in Cheonan 

that includes all age groups, from young to old. This 

study analyzed each of the six major pathogens. 

Individuals with knowledge on STIs can recognize the 

possible transmission methods and complications; 

therefore, proper education is necessary for the 

prevention of these conditions (Kassie et al., 2019). 

Therefore, this study examined trends in STIs from 

2017-2021 in Cheonan region of South Korea and 

highlighted the importance of preventing STIs through 

early and regular screening, improved access to 

healthcare, and preventing infection through early 

treatment. This data can also be used to design educational 

materials and public health strategies about STIs or 

related topics, such as treatments and vaccines. 

Materials and Methods 

Materials 

From January 2017 to November 2021, 3,297 

specimens were obtained from patients who visited the 

Dankook University Hospital (Cheonan, South Korea) for STI 

testing. All collected STI data (obtained from men (n = 754) 

and women (n = 2,543) aged 0-93 years) were used. 

Methods 

DNA Extraction 

For multiplex PCR (mPCR), collected clinical 

specimens were stored at -70°C until DNA isolation. 

Swab samples were suspended in Phosphate-Buffered 

Saline (PBS). Centrifugation was performed at 13,000 g 

for 10 min, after which the supernatant was discarded, 

and the remaining sample was resuspended in PBS. For 

mPCR analysis, DNA (ng/μL) was extracted using the 

QIAamp DNA Mini Kit (QIAGEN, Hilden, Germany) 

according to the manufacturer's instructions. The 

QIAamp DNA Mini Kit (QIAGEN, Hilden, Germany) 

can automatically purify 1-12 samples and can rapidly 

purify high-quality DNA. For DNA isolation, 

approximately 200 μL of each sample was used as 

starting material. Using a NanoDrop 1000 

spectrophotometer (Thermo Fisher Scientific, Waltham, 

MA, USA), the concentration of extracted DNA samples 

was measured. 

Multiplex PCR 

mPCR for STIs was performed using an MJ Research 

PTC-200 Thermal Cycler (Marshall Scientific, 

Richmond, VA, USA) and the Seeplex STD detection kit 

(Seegene, Seoul, South Korea) according to the 

manufacturers’ instructions. The MJ Research PTC-200 

Thermal Cycler (Marshall Scientific, Richmond, VA, 

USA) has temperature homogeneity and the Seeplex 

STD detection kit (Seegene, Seoul, Korea) allows 

simultaneous multiplex PCR and has high sensitivity and 

specificity. This kit is used by a Korean testing 

consignment company and is a product certified by the 

Korea Centers for Disease Control and Prevention and 

the Korean Association for Diagnostic Testing. First, 5 

µL of the DNA extract was added to a PCR tube 

containing 5 µL of primer and probe mixture (Seeplex 

STD Detection Kit). Next, 10 μL of mPCR premix was 

added to each of the six STI pathogens: CT, MG, MH, 

NG, TV, and UU. Primer combinations for each 

pathogen were used, and in a single mPCR assay, 

detection of the six pathogens was performed 

simultaneously. The reaction conditions were as 

follows: 94°C for 15 min; 40 cycles of 94°C for 30 s, 

63°C for 90 s, and 72°C for 90 s; and a final extension 

at 72°C for 10 min to complete partial polymerization. 

In each cycle, standardized viral RNA extract was used 

as a positive control and nuclease-free water was 

included as a negative control. The Arabidopsis 

cellulose synthase (CESA3) gene was included in all 

samples as an internal control for amplification. An 

internal control was added to the PCR mixture to detect 

the presence of PCR inhibitors. Thereafter, the PCR 

products were loaded into a 2% agarose gel stained with 

ethidium bromide and separated by electrophoresis. 

Finally, the separated PCR products were visualized 

under ultraviolet light (Fig. 1). 
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Fig. 1: Visualized data from electrophoresis for each pathogen; 

(https://www.seegene.co.kr/assays/seeplex_std6_ace

_detection) 
 

Statistical Analyses 

For statistical processing, MedCalc ver. 11.6 

(MedCalc Software, Mariakerke, Belgium) was used with 

multiple comparison graphs category. DNA sequences 

from CT, MG, MH, NG, TV, and UU detected using real-

time PCR were retrospectively analyzed based on the 

patient's age, sex and pathogen causing STIs. A p-value 

<0.05 was considered statistically significant. 

Results 

Among the 3,297 specimens collected from Dankook 

University Hospital, 1,017 (30.85%) were positive for 

sexually transmitted pathogens (Tables 1-2). When the 

positivity rate was classified according to age, from 1 year 

old to 93 years old, STIs were found to be more common 

among younger women. In addition, the positivity rate for 

women decreased as age increased, whereas the positivity 

rate for men increased slightly as age increased. It can also 

be seen that it appears frequently in young people in their 

20 and 30s (Fig. 2). 

Notably, the positivity rate classified according to the 

causative pathogens of STIs showed different patterns across 

the sexes (Fig. 3). CT infections were high in young people 

for both men and women and gradually decreased. MG 

infection was more common in men than in women, whereas 

MH infection was found to be more common in women. 

Furthermore, NG infection was found to be rare in women 

aged >50 years old, whereas trichomoniasis was more 

common in older men than in younger men. Similar to MH 

infection, UU infection was also commonly found in women. 

The prevalence of UU infection was found to be high for 

both men and women and this was particularly high among 

female teenagers. In women, as age increased, the positivity 

rate of most bacterial STIs decreased. There was an overall 

increase in the prevalence of STIs (Fig. 4). Finally, in the 

positivity rates according to the testing month, there was no 

significant difference. CT ranged from 4.9-8.2% and MG 

ranged from 2.1-5.2%. MH ranged from 11.1% to 16.4% and 

UU ranged from 14.8-22.2% (Table 3). 
 
Table 1: Number of participants categorized by age and sex 

Age (years) Men (N) Women (N) Total (N) 

≤19 66 299 365 
  20 172 669 841 
  30 178 517 695 
  40 143 540 683 
  50 119 314 433 
  60 66 112 178 
≥70 10 92 102 
 
Table 2: Positivity rates for CT, MG, NG, TV, MH and UU 

infection by year 

Year CT % MG % NG % TV % MH % UU % 

2017 7.8 2.5 1.3 1.6 10.3 15.0 

2018 6.4 3.6 0.9 1.4 11.5 15.5 

2019 6.5 4.1 1.3 1.5 15.1 19.2 

2020 5.3 5.5 1.8 1.4 12.6 19.5 

2021 7.7 5.4 1.6 1.1 13.8 19.7 

CT: Chlamydia trachomatis, MG: Mycoplasma genitalium, MH: 

Mycoplasma hominis, NG: Neisseria gonorrhoeae, TV: 

Trichomonas vaginalis, UU: Ureaplasma urealyticum 
 
Table 3:  The Positivity rates of CT, MG, MH and UU infection 

by testing month 

Month CT % MG % MH % UU % 

  1 7.8 3.3 11.1 17.0 
  2 4.9 4.5 15.2 14.8 
  3 5.2 3.2 13.3 14.9 
  4 8.2 4.8 16.4a 16.1 
  5 6.2 2.1 13.2 18.0 
  6 8.0 4.3 13.3 20.2 
  7 6.1 5.2 16.4a 22.2a 
  8 5.9 3.6 8.8 19.5 
  9 10.0a 4.1 12.6 20.0 
10 7.1 5.3a 9.3 13.5 
11 6.6 5.1 9.7 14.0 
12 4.8 2.4 9.7 16.9 
aHighest rate; CT: Chlamydia trachomatis, MG: Mycoplasma 

genitalium, MH: Mycoplasma hominis, UU: Ureaplasma urealyticum 

 

 
 
 
Fig. 2: Sexually transmitted infection positivity rate according 

to age; the blue line represents the positivity rate for men 

and the green line represents the positivity rate for 

women., for each age group 
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Fig. 3: Positivity rates of sexually transmitted infections by age; the 

blue line represents the positivity rate for men and the orange 

line represents the positivity rate for women, in each age 

group; CT: Chlamydia Trachomatis, MG: Mycoplasma 

Genitalium, MH: Mycoplasma Hominis, NG: Neisseria 

Gonorrhoeae, STI: Sexually Transmitted Infection, TV: 

Trichomonas vaginalis, UU: Ureaplasma Urealyticum 

 

 
 

Fig. 4: The positivity rate of sexually transmitted infections trends 

by year; the blue and red lines represent the positivity 

rates for men and women, respectively, for each year 

 

Discussion 

In this study, we statistically analyzed the 

epidemiological trends of STIs occurring in Cheonan 

City from January 2017 to November 2021. Among the 

3,297 specimens, 1,017 (30.85%) were positive for 

sexually transmitted pathogens. This is a novel study 

that links STIs in Cheonan with age, sex, and causative 

pathogens of STIs. It is worth noting that STIs occurred 

across all the studied age groups, resulting in varying 

STI positivity rates according to age, sex, and the 

causative pathogens involved. 

According to the statistical analysis of our study, the 

positivity rate varied according to sex for each STI. MG 

infection was more common in men than in women, 

whereas MH infection was found to be more common in 

women. Furthermore, NG infection was found to be rare 

in women aged >50 years, whereas trichomoniasis was 

more common in older men than in younger men. Similar 

to MH infection, UU infection was also commonly found 

in women. The prevalence of UU infection was found to 

be high in both men and women, and this was particularly 

high among female teenagers. In a Chinese study, the NG 

infection prevalence was found to be higher in men 

(2.5%) than in women (0.8%), whereas the prevalence of 

UU infection was significantly higher in women (49.3%) 

than in men (31.5%) (Liang et al., 2019). A study from 

Canada also found higher rates of NG infection in men 

than in women during the 2010-2015 surveillance period 

(70.2 cases for men and 40.6 cases for women per 100,000 

people in 2015, respectively) (Shannon and Klausner, 

2018). According to another study, CT, NG, and UU 

infections tended to decrease in men and increase in 

women (Liang et al., 2019). The study also showed that the 

incidence rate of chlamydia, which continued to rise, was 

consistently higher in women than in men (Choudhri et al., 

2018). In the case of transgender individuals, both CT and 

NG infections prevalence was higher in transgender 

women than in transgender men (Van Gerwen et al., 2020). 
Our findings showed that STIs occur more often in 

younger women when the positivity rate is stratified by 

age from 1-93 years. The number of STIs worldwide is 

steadily increasing (Paira et al., 2021) and is known to 

vary with age and sex, with a high prevalence among 

young individuals (Choudhri et al., 2018). One study 

reported that CT infection and UU and MH urogenital 

infections are associated with sex and age and that CT 

infection was more common in men, whereas the more 

common infections in women are UU and MH (Paira et al., 

2021). In addition, high risks of CT, UU, and NG 

infections were observed in all younger age groups 

(Choudhri et al., 2018; Paira et al., 2021). In other studies, 

the incidence of NG infection increases at a faster rate 

among older adults than among younger individuals 

because of natural physiological (i.e., vaginal dryness) 

and psychosocial changes (i.e., loss of a partner) 

(Choudhri et al., 2018). A South African study found that 

younger women were more than twice as likely to have 

treatable STIs (e.g., chlamydia, gonorrhea, and 

trichomoniasis) than men and older women (Francis et al., 

STI trends by year 
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2018). In addition, the infections with the highest 

prevalence in young age groups are CT, NG, and UU 

infections, but it decreased over time irrespective of sex 

(Liang et al., 2019). In the United States, CT and NG 

infections were reported to be more common among 

adolescents than among those in other age groups 

(Shannon and Klausner, 2018). As individuals belonging 

to younger age groups have fewer opportunities to receive 

sex education, they are more likely to be exposed to STIs. 

Overall, the positivity rate decreased with age in women, 

whereas it slightly increased in men. However, it shows a 

significant increase in men aged >70 years. A study on 

infection with TV, which is a pathogen found in the 

prostatic parenchyma, urethral mucosa, and prostatic 

duct, have shown that the majority of infected men often 

remain undiagnosed or untreated because they have no 

symptoms (Kim et al., 2019). 

Although the causative pathogens of STIs varied 

according to age and sex, no significant difference was 

found based on the testing month. However, the results of 

our study showed an overall annual increase in infection 

rates. Most individuals with STIs are asymptomatic and 

unaware of the infection; however, more than one million 

STIs are recorded every day worldwide (WHO, 2021). 

Based on statistical analysis, an urgent care center 

reported that the number of visits for STI examinations 

had almost doubled, and the number of visits made by 

individuals diagnosed with an STI had tripled over 4 

years, from 2010-2014 (Pearson et al., 2017). Therefore, 

the STI rate, according to global estimates, remains high 

(WHO, 2021). 

This study had some limitations. First, it was 

conducted exclusively in a single region of South Korea; 

thus, additional studies are needed in other regions for a 

more comprehensive understanding. Second, because this 

study was a retrospective study using only test results, 

there was no data on the clinical characteristics of 

individual patients. 

In this study, we collected, compared, and analyzed 

STI data from a tertiary hospital in South Korea. The 

results show the need for preventive measures in each 

region. STIs are more common among young individuals 

(Folasayo et al., 2017). Therefore, reliable STI 

education (e.g., condom use and the possibility of 

reinfection) for younger age groups is important. The 

only reliable way to determine whether an individual has 

an STI is through proper testing (WHO, 2019). The 

potential risk of asymptomatic STIs should also be 

monitored, and regular check-ups are necessary. 
Untreated STIs can have serious consequences, 

including infertility, birth defects, and neurological 

problems (WHO, 2019). According to the World Health 

Organization, CT, NG, and TV infections can be treated 

with antibiotics (WHO, 2019). Therefore, it is important 

to prevent STIs through regular check-ups from an early 

age and initiate treatment at an early stage to prevent the 

progression of infections along with the use of 

antibiotics as mentioned by WHO. This highlights the 

need for public health policies, and it emphasizes the 

need for further research on STIs in regions other than 

Cheonan for a comprehensive understanding of regional 

trends and patterns. 

Conclusion  

In this study, we present data on the positive rate of 

sexually transmitted infections by age, sex, and 

causative pathogen through statistical analysis of STIs in 

the Cheonan area. STIs have been found to be more 

common in young women. In addition, with increasing 

age, the STI positivity rate in women decreased, while 

the positivity rate in men slightly increased with age. 

The positive rate classified based on the causative 

pathogens of STIs showed different patterns according 

to sex for CT, MG, MH, NG, TV, and UU. Although in 

positivity rates by test month, there was no significant 

difference, the overall prevalence of STIs increased from 

27.1% in 2017 to 33.8% in 2021. Therefore, the findings 

of this study emphasize the importance of preventing 

STIs through regular screening and preventing the 

progression of infection by initiating early treatment. 
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