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Objective: Chlamydia trachomatis (CT) infection is one of the most common

sexually transmitted infections (STIs) worldwide. This study aimed to provide

prevalence and associated factors data among patients seeking clinic-based

STI services for estimating the disease burden of CT.

Study design and method: A cross-sectional survey was conducted among

patients attending clinics for STI services. Patients’ social-demographic and

behavioral information was collected and CT infection was determined by

nucleic acid amplification test (NAAT) with self-collected urine specimens.

Associated factors were identified using logistic regression.

Results: Among the 8,324 participants, the overall prevalence was 9.0% with

10.7% formales and 8.3% for females respectively. Multivariate analysis showed

that aged < 24 [adjusted odds ratio (aOR) = 1.27, 95% confidence interval (CI)

= 1.01–1.59], being unmarried (aOR= 1.64, 95%CI= 1.35–2.00), having junior

high school or below education level (aOR= 1.47, 95%CI= 1.13–1.91), having

no access to health insurance (aOR = 1.27, 95%CI = 1.07–1.51), and being

positive for Neisseria gonorrhoeae (NG, aOR = 4.49, 95%CI = 3.25–6.21) were

significantly associated with CT infection.

Conclusion: We found that CT infection is prevalent among patients seeking

clinic-based STI services in Southern China. Targeted interventions could be

implemented for patients with a higher risk of CT infection including those

aged < 24, being unmarried, having junior high school or below education

level, having no access to health insurance, and being positive for NG. In

addition, routine CT screening could be considered a public health strategy

by the government.

KEYWORDS

chlamydia infection (CT), STI services, patients, Southern China, associated factors

Frontiers in PublicHealth 01 frontiersin.org

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2022.1005334
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2022.1005334&domain=pdf&date_stamp=2022-11-23
mailto:64165469@qq.com
https://doi.org/10.3389/fpubh.2022.1005334
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpubh.2022.1005334/full
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2022.1005334

Introductions

Chlamydia caused by Chlamydia trachomatis (CT) is

the most common sexually transmitted infection (STI) (1)

which can cause significant morbidity, particularly in women.

Due to the reason that up to 85% of cases in women

and men are asymptomatic (2), CT infection often remains

undiagnosed and untreated. Untreated CT infection can lead

to pelvic inflammatory disease (PID), chronic pelvic pain,

ectopic pregnancy, and tubal factor infertility in women (3),

urethritis, epididymitis, and other complications including

infertility in men (4). CT infection has become a main global

public health concern. Based on the estimation of the World

Health Organization (WHO) in 2016, there were an estimated

127.2 million new cases of CT infection per year (5). Data

from surveillance programmes in the United States (6), the

United Kingdom (UK) (7), and Canada (8) indicated an

increasing trend of CT infection in recent years. Based on

the national case-reporting system in China, the reported

incidence of CT infection has increased from 35.8/100,000 in

2011 to 37.1/100,000 in 2015 (9). However, the burden of

CT infection in many parts of China is unknown because of

the significant under-reporting of the infections, particularly

asymptomatic infections, in health facilities. To provide baseline

data for estimating the disease burden, developing intervention

programmes, and planning for resource allocations, we carried

out a preliminary cross-sectional survey to estimate the

prevalence of the infection and explored the factors associated

with the infection among patients attending clinics for STI

services in Southern China.

Materials

Study setting and population

The survey was a cross-sectional study in Shenzhen, a

“special economic zone” located in south coastal China and

adjacent to Hong Kong. The city has witnessed an alarming

increase in its economy, migration of population, and the spread

of syphilis and other STIs (10). The survey was conducted using

a stratified sampling strategy to recruit potential participants.

There are 10 administrative districts in Shenzhen, and 6 of

them were randomly selected to do the survey. Four hospitals

that reported a high number of STI cases in the previous year

were selected in each district and except for one district with

only two hospitals. During the period of the survey (from

April 15 to May 16, 2018), the first 15 patients attending

clinics at departments of dermatology, gynecology, urology, and

andrology for seeking STI services were invited to participate

in the study according to the eligibility criteria. The criteria

included being a patient aged 18–49 years old, seeking STI-

related services, and having not any antibiotic use in the last 2

weeks. Written informed consent should be obtained before the

survey can be conducted.

Questionnaire interview and specimen
collection

An interview with a structured questionnaire was conducted

by the physician to collect demographic and behavioral data

as well as clinical findings. After completing the interview,

participants were asked to provide a self-administered 15–30mL

first-catch urine specimen. A research nurse was assigned to

check the integrity of questionnaire information and instruct

participants on specimen collection. Urine specimens were

collected using the Cobas1 urine specimen collection kit (Roche

P/N 05170486190) according to the manufacturer’s instructions.

The specimens were temporarily stored at 4◦C at the local

laboratory for 10 days maximum before being transported to a

central laboratory for testing.

Laboratory assays

At the central laboratory, DNA was extracted and purified

from the urine specimens by an automated magnetism nucleic

acid isolation method using the MagNA Pure 96 System (Roche,

Switzerland) according to the manufacturer’s instructions. The

extracted DNA was further evaluated for CT and Neisseria

gonorrhoeae (NG) based on polymerase chain reaction (PCR)

of the Cobas
R©

4800 System (Roche, Switzerland) using

Cobas
R©

4800 CT/NG Amplification/Detection Kit. Diagnosis

reagents and supplies were preserved under the requested

condition. Laboratory performance was run according to

standard operating procedures (SOPs). CT or NG infection was

defined as having a positive PCR for CT or NG.

Statistical analyses

All data from questionnaires and laboratory tests were

double-entered into the computer to establish a database using

Epidata software (V.3.1, Denmark). The Epidata 3.1 dataset was

subsequently transferred to the IBM SPSS Statistics forWindows

Version 23.0 (IBM Corp., Armonk, NY) for statistical analyses.

Univariate analysis was used to determine the association

between variables and CT infection. Crude odds ratio (cOR),

adjusted odds ratio (aOR), and 95% confidence interval (CI)

were calculated. To adjust for potential confounders, all factors

associated with the infection at P < 0.2 in univariate analysis

were included in multivariable logistic regression analysis using

a backward stepwise procedure. Variables significant at P <

0.05 were considered the factors independently associated with

the infections.
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Patient and public involvement statement

Participation in this study was voluntary and the

questionnaire was anonymous. Confidentiality of the study data

can protect the privacies of the participants. Participants who

tested positive for CT and/or NG were contacted privately by

the research team members for further diagnosis, treatment,

and other interventions at the STI clinic in Shenzhen Center for

Chronic Disease Control. Partner notification was conducted

according to the routine process in the clinic.

Results

Participant characteristics

Out of the 8,444 patients who provided urine specimens,

120 did not participate in a questionnaire interview. Therefore,

a total of 8,324 (98.6%) participants were included in

the final analyses. The average age was 32.1 years old

(standard deviation [SD] 7.3 years), and 14.3% (1183/8281)

of them were younger than 24 years old. About one-

third of the participants were males (30.9%, 2567/8309).

Most of the participants were married (75.1%, 6207/8269),

heterosexuals (98.2%, 8039/8189), migrants (73.7%, 6022/8173),

and living in Shenzhen for more than 2 years (77.3%,

6331/8189). 38.8% (3232/8324) of the participants had a

monthly income above 5,000 CNY (China Yuan), most of

whom were workers (25.4%, 2099/8264) and government

employees (25.6%, 2119/8264). Less than one-fifth (17.7%,

1457/8223) finished their education in college or above. 37.6%

(3096/8229) had no hold of health insurance and 36.2%

(2973/8203) had casual sex in the last 3 months. 21.7%

(1787/8231) knew about CT. 2.4% (196/8324) had positive

Neisseria gonorrhoeae detection. More details are shown in

Table 1.

Prevalence and associated factors of CT
infection

Among the 8,324 participants, 751 people were identified as

CT positive, giving an overall prevalence of 9.0% with 10.7% for

males and 8.3% for females respectively. The highest prevalence

was detected among people aged younger than 24 (15.4%). CT

infection of participants (positive and negative) was regarded as

the dependent variable and the other factors were used as the

independent variables in the logistic regression model. In the

univariate analyses, government employees (cOR= 0.75, 95%CI

= 0.57–0.97) were significantly associated with a decreased

risk of CT infection (P < 0.05). Meanwhile, male (cOR =

1.33, 95%CI = 1.14–1.56), aged < 24 (cOR = 2.10, 95%CI =

1.76–2.52), being unmarried (cOR = 2.10, 95%CI = 1.80—-

.46), migrants (cOR = 1.40, 95%CI = 1.16–1.68), residing in

Shenzhen for < 2 years (cOR = 1.44, 95%CI = 1.22–1.71),

entertainment service providers (cOR = 1.73, 95%CI = 1.03–

2.91), having junior college or below education level, having no

access to health insurance (cOR = 1.59, 95%CI = 1.37–1.85),

having casual sex in the last 3 months (cOR = 1.21, 95%CI

= 1.04–1.41), having no knowledge about CT (cOR = 1.23,

95%CI = 1.01–1.49) and positive for NG (cOR = 5.52, 95%CI

= 4.06–7.49) were significantly associated with an increased risk

of CT infection (P < 0.05). Sexual orientation and monthly

income were not significantly associated with CT infection (P

> 0.05).

In the univariate analyses, 11 variables were associated

with CT infection at P < 0.20 (Table 2). In the multivariate

analyses using these 11 variables as independent variables and

potential interactions between these variables, the following

factors were found to be significantly associated with CT

infection: aged < 24 (aOR = 1.27, 95%CI = 1.01–1.59), being

unmarried (aOR = 1.64, 95%CI = 1.35–2.00), having junior

high school or below education level (aOR = 1.47, 95%CI

= 1.13–1.91), having no access to health insurance (aOR =

1.27, 95%CI = 1.07–1.51), and being positive for NG (aOR

= 4.49, 95%CI = 3.25–6.21). More details are shown in

Table 2.

Discussions

The findings from our study indicated a high prevalence

of CT infection among both male and female patients

attending clinics in departments of dermatology, gynecology,

urology, and andrology in Shenzhen and highlighted the

risk factors associated with the infection in this population.

STI surveillance plays an important role in measuring

the magnitude of the STI burden in the general and

target populations to assist in programme planning,

monitoring trends over time and identifying emerging

infections and outbreaks, providing data to advocate for

mobilization of resources, and assisting in evaluating the

effectiveness of the response (11). Prevalence assessment is

one of the core components of WHO–recommended STI

surveillance programming.

Our study was a cross–sectional study focusing on genital

CT infection with the largest sample size of patients seeking

clinic–based STI services in China. Among 8,324 patients, the

total prevalence of CT infections was 9.0% with 10.7% for

males and 8.3% for females respectively, which was higher

than the general population of 2.1% for males and 2.6%

for females in China (1999–2000) (12). This CT prevalence

was also higher than that reported in many high–income

countries (13), such as 1.7% in the US (14), 1.5% in the

UK (15), and 1.7% in France (16) among the general
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TABLE 1 Socio–demographic, and behavioral data of survey participants at baseline (n = 8324).

Characteristic Frequency* (%) Characteristic Frequency* (%)

Sex Occupation

Male 2567 (30.9) Workers 2099 (25.4)

Female 5742 (69.1) Entertainment services 129 (1.6)

Age in years Businessman/Catering services 1606 (19.4)

≤ 24 1183 (14.3) Government employees 2119 (25.6)

>24 7098 (85.7) Household/Unemployed 1267 (15.3)

Marital status Others 1044 (12.6)

Single and others 2062 (24.9) Education level

Married 6207 (75.1) Junior high school or below 2636 (32.1)

Sexual orientation Senior high school 2407 (29.3)

Heterosexuality 8039 (98.2) Junior college 1723 (21.0)

Homo–or bi–sexuality 150 (1.8) College or above 1457 (17.7)

Residence Hold of health insurance

Shenzhen 2151 (26.3) Yes 5133 (62.4)

Other places 6022 (73.7) No 3096 (37.6)

Duration in Shenzhen Casual sex in the last 3 months

<2 years 1858 (22.7) Yes 2973 (36.2)

≥2 years 6331 (77.3) No 5230 (63.8)

Monthly income (CNY) Knowledge about CT

<3000 1672 (20.1) Unknown 6444 (78.3)

3001–5000 2775 (33.3) Known 1787 (21.7)

5001–10000 2666 (32.0) Neisseria gonorrhoeae detection

>10000 566 (6.8) Negative 8128(97.6)

Not quite clear 645 (7.7) Positive 196(2.4)

*The sum of participants in some items may be less than the total number of 8324 because some participants did not respond to these items. CNY, China Yuan, the minimum wage in

Shenzhen, China in 2018 was 2200 CNY. CT, Chlamydia trachomatis; %, Constituent ratio.

population used by Urine NAAT. Compare with high–

risk populations, such as 8.5% among cross–border truck

drivers in Hong Kong (17), and 6.5% among MSM in

Jiangsu Province (18), this CT prevalence remained at a

high level. The relatively high prevalence of CT infection

further emphasized the importance of urgently implementing

comprehensive interventions among patients seeking clinic–

based STI services.

The findings in our study showed the highest prevalence

(15.4%) was detected among patients seeking clinic–based

STI services aged younger than 24. After controlling for

confounding factors, aged younger than 24 was still significantly

associated with an increased risk of CT infection. This

finding was similar to the findings of the US CDC, which

was reported in 2013. The highest incidence of CT in

the US was among people aged between 14 and 24 years

(19). This result may indicate that patients of this age

group had more exposure to new infections due to greater

sexual activity and lower education on STI prevention.

Opportunistic screening for CT among young sexually

active adults had been recommended in many high–

income countries including the USA, the UK, Australia,

Sweden, Denmark, and Norway (20–22). The UK had

run a nationwide program called the National Chlamydia

Screening Programme (NCSP) (23), which targeted all sexually

active men and women under 25 years of age for annual

chlamydia screening through various clinical and non–

clinical settings. It would be a feasible measure to develop

a CT screening strategy for young people in China, which

could be started in economically developed regions such as

Shenzhen city.

In addition, participants that were single/divorced/widowed

were almost 50% more likely to have a CT infection than

those who were married. This was consistent with the results

of Wong WC et al. (24) and Walsh MS et al. (25) studies.

It could be seen that maintaining loyal marital status was

an effective protective factor for CT infection after excluding

age, not having casual sex in the last 3 months, and other

confounding factors. Moreover, our results showed that a

positive for NG was significantly associated with an increased
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TABLE 2 Prevalence and associated factors of chlamydial infection among patients seeking clinic–based STI services in Shenzhen, China.

Associated factors Prevalence

of CT (%)

Univariate Multivariate

cOR (95% CI) P-Value aOR (95% CI) P-Value

Sex

Male 10.7 1.33(1.14–1.56) 0.000* –

Female 8.3 1.00 1.00

Age in years

≤ 24 15.4 2.10(1.76–2.52) 0.000* 1.27(1.01–1.59) 0.042*

>24 8.0 1.00 1.00

Marital status

Single or others 14.3 2.10(1.80–2.46) 0.000* 1.64(1.35–2.00) 0.000*

Married 7.3 1.00 1.00

Residence

Shenzhen 7.2 1.00 1.00

Other places 9.8 1.40 (1.16–1.68) 0.000* –

Duration in Shenzhen

<2 years 11.2 1.44(1.22–1.71) 0.000*

≥2 years 8.3 1.00 1.00

Occupation

Workers 9.9 1.03(0.80–1.33) 0.801 –

Entertainment services 15.5 1.73(1.03–2.91) 0.038* –

Businessman/Catering

services

10.3 1.08(0.83–1.40) 0.560 –

Government employees 7.3 0.75(0.57–0.97) 0.028* –

Household/Unemployed 7.8 0.80(0.60–1.07) 0.133 –

Others 9.6 1.00 1.00

Education level

Junior high school or below 10.1 1.58(1.24–2.01) 0.000* 1.47(1.13–1.91) 0.004*

Senior high school / technical

secondary school

9.5 1.47(1.15–1.88) 0.002* 1.26(0.97–1.64) 0.089

Junior college 8.7 1.34(1.03–1.74) 0.032* 1.25(0.95–1.66) 0.111

College or above 6.7 1.00 1.00

Hold of health insurance

Yes 7.5 1.00 1.00

No 11.5 1.59(1.37–1.85) 0.000* 1.27(1.07–1.51) 0.007*

Casual sex in the last 3

months

Yes 10.1 1.21(1.04–1.41) 0.015* –

No 8.5 1.00 1.00

Knowledge about CT

Unknown 9.4 1.23(1.01–1.49) 0.036* 1.23(1.00–1.51) 0.054

Known 7.8 1.00 1.00

Neisseria gonorrhoeae

detection

Negative 8.4 1.00 1.00

Positive 33.7 5.52(4.06–7.49) 0.000* 4.49(3.25–6.21) 0.000*

*P < 0.05. cOR, crude odds ratio; aOR, adjusted odds ratio; CI, confidence interval; CT, Chlamydia trachomatis.
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risk of CT infection. This was consistent with the findings

of Guangdong Province (26). Therefore, it would be better to

suggest patients have a CT infection test when they need to have

an NG detection.

Regarding the educational level, we found that participants

with lower educational levels were at higher risk of incident

CT infection, and this association remained after adjusting for

age and occupation. Similar results were obtained in other

studies (27–29). In addition, we found a higher prevalence in

patients who had no hold of health insurance. Poor healthcare–

seeking behavior associated with higher infection rates, lower

partner referral, or inadequate care had been reported for

people with lower socioeconomic status in many countries

(30–32). A German study showed that the higher prevalence

in groups with low or medium social status could have a

lower chance of testing CT and lower healthcare use because

a quarterly fee had to be paid by persons, which will pose a

possible barrier for people with lower income (33–35). It might

be useful to reduce the CT infection of this population by

strengthening the publicity and education of CT among the low–

education population and reducing the cost of CT screening

and treatment.

However, our study had some limitations. First, the study

did not investigate the number of sexual partners and condom

use of STD patients in the last month. As a result, the CT

infection situation cannot be analyzed in depth of the patient’s

sexual behaviors. Second, due to the lower number of CT–

reported cases in private hospitals, it cannot be compared with

public hospitals and other private hospitals, which have a higher

number of CT–reported cases. Third, Shenzhen has a relatively

open–minded sexual attitude, and it is also an economically

developed area with a relatively higher young population. Thus,

the result of the study cannot represent the health situation

of chlamydial infection in the whole country, and cannot be

compared with other cities with a lower socioeconomic status.

In conclusion, CT infection is prevalent among patients

seeking clinic–based STI services, particularly those aged

younger than 24 in Shenzhen, China. Furthermore, patients

that were single/divorced/widowed, positive for NG, with low

educational level, and having no hold of health insurance were

significantly associated with an increased risk of CT infection. It

is strongly recommended that clinicians perform key screening

and interventions for CT in these populations. At the same

time, these findings suggest that CT–integrated prevention and

control projects could be considered in routine public health

services by the government. However, the high prevalence of CT

is not enough for the screening strategy. Efforts are needed in

future studies on several areas such as the cost–effectiveness of

screening strategies, the burden of disease estimates, the capacity

of CT screening in hospitals, the willingness of being screened of

patients, and the knowledge of CT in patients.
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