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Abstract

Aim: Sexually transmitted infections (STIs) globally pose a significant public health concern, adversely impacting quality of life. This study 
assessed multiplex PCR test results using a commercial assay for detecting prevalent bacterial STI agents in urine samples.

Methods: A total of 1055 patients whose urine samples were sent to the Medical Microbiology Laboratory between May 2019 and December 
2022 for PCR testing for detecting Chlamydia trachomatis (CT), Neisseria gonorrhoeae (NG), Mycoplasma genitalium (MG), and Trichomonas 
vaginalis (TV) due to suspicion of STIs were included.

Results: Patients averaged 32.71 ± 10.72 years, with 58.9% females and 41.1% males. PCR positivity for CT, NG, MG and TV agents was 
detected in 177 (16.8%) of the patients. The top three pathogens detected were CT (46.9%), NG (24.3%) and MG (18.1%), respectively. PCR 
positivity was detected at a higher rate in male patients. The average age of patients with PCR positivity (28.94 ± 8.38) was lower than the 
average age of patients with PCR negativity (33.47 ± 10.98). The co-infection rate with two or three pathogens was determined as 9.6%.

Conclusion: Multiplex PCR tests for STIs offer significant advantages by concurrently testing multiple agents. Screening, particularly for young 
and at-risk male individuals, using multiplex PCR is crucial for early diagnosis, treatment, and transmission prevention.
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Introduction

Sexually transmitted infections (STIs) are a major public health 
problem that impair quality of life and cause serious disease 
worldwide. While STIs directly cause negative effects on sexual life 
and fertility, anogenital cancers, fetal deaths, and abnormalities, 
they also indirectly facilitate the transmission of infections such 
as Human Immunodeficiency Virus. Worldwide, more than 1 million 
people contract treatable STIs every day. WHO estimated 376.4 
million cases of chlamydia, gonorrhea, syphilis, and trichomoniasis 
in the 15–49 age group in 2016 (Available from: https://www.who.
int/publications/i/item/9789240024168).

Chlamydia trachomatis (CT) is the most common bacterial STI 
agent worldwide.1 Over the past 20 years, infection rates have 
steadily increased in both men and women. Young age is a risk 
factor for CT infection (Available from: https://www.cdc.gov/
std/treatment-guidelines/STIGuidelines-2021.pdf). *Neisseria 
gonorrhoeae* (NG) is the second most common bacterial STI. It 
can cause urethritis, cervicitis, pelvic inflammatory disease (PID), 
septic arthritis, pharyngitis, and proctitis.2 Mycoplasma genitalium 
(MG) is a strong causative agent of non-gonococcal and non-
chlamydial urethritis in men.3

Even if there are no signs or symptoms of infection, quick and 
accurate diagnosis and treatment of both the patient and sexual 
partner are crucial. Early diagnosis and treatment prevent serious 
complications such as infertility, PID, and ectopic pregnancy, and 
reduce community spread.4

Commercially available multiplex real-time Polymerase Chain 
Reaction (PCR) assays targeting microorganisms involved in non-
viral STIs have recently become available. Multiplex PCRs allow 
simultaneous detection of several agents.5

This study aimed to evaluate multiplex PCR test results obtained 
with a commercial assay for detecting the most common bacterial 
agents of STIs from urine samples in the Medical Microbiology 
Laboratory of our hospital.

Commercial multiplex real-time PCR assays targeting 
microorganisms involved in non-viral STIs have recently become 
available. Multiplex PCRs allow simultaneous detection of several 
agents.5

This study aimed to evaluate multiplex PCR test results obtained 
with a commercial assay for detecting the most common bacterial 
agents of STIs from urine samples in the Medical Microbiology 
Laboratory of our hospital.

Materials and Methods

A total of 1055 samples from different patients, whose urine 
samples were sent from different clinics with suspicion of STIs 
to the Medical Microbiology Laboratory between May 2019 and 
December 2022, were included in the study. For the qualitative 
detection of Chlamydia trachomatis (CT), Neisseria gonorrhoeae 
(NG), Mycoplasma genitalium (MG) and Trichomonas vaginalis 
(TV) DNA from urine samples by multiplex real-time PCR method, 
commercial STI PLUS ELITE MGB (ELITech Group, Torino, Italy) 
assay was used. Studies were carried out on ELITe InGenius 
(ELITech Group, Torino, Italy), an automated integrated system for 
extraction, amplification, detection and interpretation of results, in 
accordance with the manufacturer’s recommendations.

This test is designed to be used in the diagnosis of urogenital 
tract infections from first-stream urine samples or cervical–
vaginal swab samples in conjunction with the patient’s clinical 
data and other laboratory test results. Different amplification 

reactions are performed with the PCR mixture to amplify targets 
from DNA extracted from each sample tested. The target gene 
regions selected to be detected by specific probes are the dnaB-
like gene (endogenous plasmid) and ompA chromosomal gene of 
CT, the pivNG gene of NG, the 23S rRNA gene of MG, and the 
L23861 sequence, which is the repeated sequence of TV. For 
inhibition control of the extraction and amplification reaction, the 
assay simultaneously amplifies an artificial sequence (IC2) as an 
exogenous internal control and the human beta globin gene as an 
endogenous internal control.

Ethical Approval
This study was approved by the Ethics Committee of Akdeniz 
University (Date: 08.03.2023, Decision No: 211).

Statistical Analysis
Test results and demographic data of the patients were obtained 
from the hospital automation system. SPSS software version 
22.0 (SPSS Inc., Chicago, USA) was used for statistical analysis. 
The qualitative results of the tests as positive/negative and the 
gender of the patients were recorded as categorical variables and 
the age of the patients as continuous variables. Numerical data 
were presented as mean ± standard deviation (SD), number (n) 
and percentage (30%). Chi-square test was used to compare PCR 
test results between different groups such as gender. Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to analyze the normality 
assumption for continuous variables such as age. Parametric tests 
were used in case of normal distribution and non-parametric 
tests were used in case of non-normal distribution. Comparison 
of categorical variables such as PCR test results according to the 
age of the patients was performed using Mann-Whitney U test 
and Kruskal-Wallis analysis of variance. In all analyses, P < .05 was 
considered statistically significant.

Reporting Guidelines
This study was reported according to the STROBE guidelines.

Results

Urine samples of a total of 1055 patients (mean age ± SD: 32.71 
± 10.72; range: 16–85) from different clinics who were routinely 
tested for STIs PCR were included in the study. Of the study group, 
621 (58.9%) were female (mean age ± SD: 32.89 ± 10.25; range: 
17–85) and 434 (41.1%) were male (mean age ± SD: 32.44 ± 11.36; 
range: 16–78). There was no statistically significant difference 
between the mean ages according to gender (P = .12).

No causative agent was detected in 878 (83.2%) of the patients. 
PCR positivity for CT, NG, MG and TV agents was detected in 177 
(16.8%) of the patients. Of these, 160 (90.4%) patients had a 
single pathogen and 17 (9.6%) had co-infection with two or three 
different pathogens. CT was the most frequently detected single 
agent. The first three agents were CT (46.9%), NG (24.3%) and MG 
(18.1%), respectively (Table 1).

When PCR results were evaluated according to gender, 24% of 
male patients (n:104) and 11.8% of female patients (n:73) were 
positive. A statistically significantly higher positive PCR result was 
obtained in male patients (P < .001). The distribution of the agents 
detected in the PCR test by gender is given in Table 2. Among 
the positive PCR results (n:177), mixed infection with more than 
one agent was observed in 17 patients, and infection with a single 
agent was observed in 160 patients. Mixed infection was detected 
in 7.7% (8/104) of male patients and 12.3% (9/73) of female 
patients. There was no significant difference between the rates of 
mixed infection in male and female patients (P = .30).
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The mean age of the patients with positive PCR test results 
was 28.94 ± 8.38 years (range: 16–63) and the mean age of the 
patients with negative PCR test results was 33.47 ± 10.98 years 
(range: 17–85) and a significant difference was found between 
the two groups (P < .001). No significant difference was observed 
between the mean ages of patients with positive PCR test results 
(TV group could not be evaluated due to the small sample size) (P 
= .087) (Table 3).

When PCR test requests for STI agents in all samples were 

examined by year, it was 24 (2.3%) for 2019, 76 (7.2%) for 2020, 
229 (21.7%) for 2021 and 726 (68.8%) for 2022. Although the 
number of tests increased over the years, no significant difference 
was detected in the test results between years (P = .23) as shown 
in Figure 1.

Discussion

Sexually transmitted infections pose a serious medical, social and 
economic burden worldwide by increasing the risk of infertility, 
ectopic pregnancy, premature birth and genital cancers. Early 
diagnosis and treatment of STIs are important to prevent both 
possible complications of the infection and transmission to 
other individuals.6 In this study, PCR test results obtained for 
the detection of bacterial STI agents CT, NG, MG and TV from 
urine samples in our hospital were evaluated. At the same time, 
it was aimed to determine the prevalence rates of bacterial STI 
agents in our hospital in order to shed light on the data of our 
region. The most frequently detected bacterial STI agents are 
CT and NG (Available from: https://www.cdc.gov/std/treatment-
guidelines/STI-Guidelines-2021.pdf).[.] In the diagnosis of these 
agents, multiplex PCR tests, which are designed to detect more 
than one agent simultaneously from a single sample, make a 
significant contribution to public health by providing fast, sensitive 
and reliable results. In studies comparing multiplex PCR tests with 
conventional laboratory methods, it was found that they achieved 
results equivalent to standard tests, especially in the detection of 
CT and NG.5,6,7,8

In this study, according to the multiplex PCR test results of 1055 
different patients from different clinics, 16.8% (177) patients 
urine samples were positive for at least one agent, and the first 
three bacterial agents detected with PCR were CT (46.9%), NG 
(24.3%) and MG (18.1%), respectively. The co-infection rate was 
determined as 9.6%.

In a recent study in which the presence of CT, NG and MG was 
investigated in urogenital samples using a commercial multiplex 
PCR test (FTD Urethritis Basic assay, Fast Track Diagnostics, 
Luxembourg) in 360 patients with urogenital symptoms, aged 
18–68, from the province of Istanbul in our country, a similar rate 
of 18.9% (68) were found to be positive for at least one agent. 
The most frequently detected agent was CT (41.2%), similar to 
our study, but it was followed by MG (29.4%) and NG (10.3%). 
Co-infection was detected in 19.1% (13) of 68 patients who 
were positive. This rate should not be underestimated and the 
importance of regular screening and follow-up with multiplex PCR 
tests, which enable immediate detection of co-infections, in the 
prevention and treatment of STIs has been emphasized.9

Hu and his colleagues designed a new laboratory-designed 
multiplex PCR test that provides simultaneous detection according 
to the melting curves obtained in PCR and investigated nine 
different STI agents. In 1328 samples obtained from three different 
hospitals, respectively; Ureaplasma parvum (37.80%), Ureaplasma 
urealyticum (9.94%), Mycoplasma hominis (9.04%), CT (8.06%), 
Herpes Simplex Virus-II (HSV-II) (6.40%), Herpes Simplex Virus-I 
(HSV-I) (2.94%), NG (2.79%), TV (2.71%) and MG (2.03%) were 
detected. They stated that this test, which has high sensitivity and 
specificity, will benefit rapid diagnosis at a relatively low cost.6

In another study conducted in male patients with urethritis 
symptoms reported from our country, a positivity rate of 67% was 
found. Ureaplasma urealyticum was the most common agent with 
a rate of 27.1%, and CT was found to be 9.9%.10 As can be seen, 
unlike the assay we evaluated in our study, some commercial assays 

Table 2. Distribution of the causative agents detected by PCR test 
according to gender

Table 1. Positive multiplex PCR test results

Table 3. The mean age of patients according to causative agent 
detected by PCR

Figure 1. PCR results by year
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can also detect Ureaplasma parvum, Ureaplasma urealyticum and 
Mycoplasma hominis. However, asymptomatic carriage of these 
strains is common and the majority of colonized individuals do 
not develop any disease.11 Only Ureaplasma urealyticum can be 
responsible for cases of non-gonococcal male urethritis. Some 
studies show that the rates of Ureaplasma parvum, Ureaplasma 
urealyticum and Mycoplasma hominis are high.12 Since these 
microorganisms were not detected in the assay used in our study, 
the rates of these agents are unknown.

The distribution of STI agents varies according to gender. In a 
study from Lebanon, Ureaplasma urealyticum/parvum, HSV-I/II and 
Gardenerella vaginalis were the most common agents detected 
in women, while CT, NG and MG were the most common agents 
detected in men.13 In the prevalence study conducted on women 
living in China, CT was found to be 123 (5.6%) and MG was 74 
(3.4%) in 1357 symptomatic patients in the research group and 
833 patients in the control group. In the research group, CT was 
found to be 7.1% (96/1357) compared to the control group (3.2%, 
27/833), and this rate was reported to be statistically higher. In the 
same study, no statistically significant difference was found in the 
prevalence of MG in the research group compared to the control 
group (51/1357, 3.8% vs. 23/833, 2.8%).14 In our study, similar 
to studies in different regions, CT and TV were more common in 
women, while NG and MG were detected at higher rates in male 
patients. Although the use of only urine samples may reduce the 
positivity rate in women, it was observed that the distribution of 
the agents was compatible with previous studies.

Young age is a risk factor for CT infection and is more common, 
especially in those younger than 25 years of age (Available 
from: https://www.cdc.gov/std/treatment-guidelines/STI-
Guidelines-2021.pdf).[.] A study conducted in Canada examined 
the observed incidence and test-adjusted incidence of CT by age 
and gender groups. The observed incidence in women and the test-
adjusted incidence were highest in the 20–29 age group. For men, 
while the observed incidence was highest in all age groups, the 
test-adjusted incidence was observed to increase especially in men 
in the 15–19 age group and in men in the 30–39 age group.15 In 
a prevalence study conducted among women living in China; MG 
infection was not found under the age of 20, and the prevalence 
of MG was observed to have a bimodal distribution between the 
ages of 20–25 and 40–45. In contrast, CT infection has been 
observed to be highest in people under the age of 20 and gradually 
decrease with age. In the study, the CT positivity rate was found to 
be significantly higher in 20–25 year olds compared to the control 
group (18.7% vs. 4.3%), but no statistically significant difference 
was found in other age groups.14 In our study, a significant 
difference was found between age and test positivity rates. The 
average age at which the infection is detected is younger; it was 
evaluated as a sexually active age group and a group with a lack of 
knowledge about protection.

The time period selected in our study covers the Covid-19 pandemic 
period. While the number of tests has increased over time, the 
positivity rate has not changed. Similar findings have been found 
in studies conducted in different countries. In a retrospective study 
conducted in Denmark investigating the effect of closures during 
the Covid-19 pandemic on the test positivity rate in CT infection, 
it was observed that the effect of closures was negligibly low.16 
In a study evaluating STIs during the Covid-19 pandemic period 
in Finland, it was observed that while there was a decrease in CT 
infection in early 2020, it returned to its previous rates over time, 
and there was no decrease in NG and syphilis cases, and it was 
emphasized that STI tests were accessible in all cases, despite the 

restrictions.17

Limitations
In our study, only urine samples were studied, and the clinical 
information of the patients was not investigated. On the other 
hand, the positivity rate for at least one agent and the distribution 
of the agents we obtained in our study were generally found to 
be compatible with the literature. We believe that the hospital 
data we obtained based on our STI multiplex PCR test results, 
which we have evaluated since the first day it was included in the 
routine molecular tests of our laboratory, will shed light on the 
epidemiological data of our region.

Conclusion

In conclusion, multiplex PCR tests developed for STIs have provided 
significant advantages in terms of testing multiple agents at the 
same time, speed and ease of application in disease diagnosis. In 
our study, CT was the most common agent and CT and TV were 
more common in females, while NG and MG were more common 
in male patients. Higher PCR positivity was detected in young 
and male patients. Knowing the distribution of causative agents 
according to gender and age may guide empirical treatment when 
tests are not available. Co-infection rate was found to be 9.6% 
and screening of individuals at risk for STIs with multiplex PCR 
will be important for early diagnosis, treatment and prevention of 
transmission. In order to prevent transmission, especially among 
young age groups, education should be emphasized to overcome 
the lack of knowledge in terms of prevention, early diagnosis and 
treatment.
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CT: Chlamydia trachomatis
MG: Mycoplasma genitalium
NG: Neisseria gonorrhoeae
PCR: Polymerase chain reaction
PID: Pelvic inflammatory disease
SD: Standard deviation
STI: Sexually transmitted infection
STIs: Sexually transmitted infections
TV: Trichomonas vaginalis
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