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Abstract
Background  Female sex workers (FSWs) are at high risk of chlamydia infection, yet the seroprevalence among FSWs 
in China remains unclear. This study aimed to determine the seroprevalence of Chlamydia trachomatis and associated 
factors among FSWs in Guangdong Province, China.

Methods  A cross-sectional study was conducted among FSWs in two cities in Guangdong Province. Participants 
provided serum and urine samples. Nucleic acid amplification test (NAAT) was used to detect Chlamydia trachomatis 
(CT) and Neisseria gonorrhoeae (NG) in urine samples. Enzyme-linked immunosorbent assay (ELISA) was used to 
detect chlamydia IgG antibodies in serum samples. Seropositivity was defined by IgG-positive results. Current 
chlamydia infection was identified by a positive NAAT result, while prior infection was indicated by positive 
chlamydia IgG and negative NAAT results. Reinfection was defined by positive results for both NAAT and chlamydia 
IgG. Moreover, positive ELISA results were reclassified into two categories: DU/mL values ≥ 37.89 (the median) were 
classified as high-positive and DU/mL values > 11 to 37.89 as low-positive. Sociodemographic data, CT and NG 
testing, and paper questionnaires were collected through face-to-face interviews. Univariate and multivariable logistic 
regressions explored factors associated with current CT infection.

Results  A total of 435 serum and urine samples were analyzed. The median age of the participants was 32.0 (IQR: 
27.0–37.0) years. Among the participants, 326 were CT IgG positive, resulting in an overall seroprevalence of 74.9% 
(95% CI, 70.6–78.9). The current infection proportion determined by NAAT was 12.2% (53/435) (95% CI, 9.3–15.6), 
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Background
Chlamydia trachomatis (CT) is a common sexually 
transmitted infection, there were an estimated 131  mil-
lion new cases of chlamydia worldwide among adults 
aged 15–49 years in 2012 [1]. CT is particularly prevalent 
among young women, with 4% of sexually active females 
aged 14–24 years infected. Most genital CT infections in 
women are asymptomatic, but untreated infections can 
lead to upper reproductive tract scarring and serious 
complications such as pelvic inflammatory disease, ecto-
pic pregnancy, and tubal factor infertility [2–4].

Female sex workers (FSWs) are highly vulnerable to 
CT due to their numerous transactional sex partners 
and frequent unprotected sexual activities, significantly 
contributing to the transmission of sexually transmitted 
infections [5–7]. In China, a meta-analysis found a 16.4% 
prevalence of CT among FSWs, rising to 20.8% in those 
working in lower-tier venues [8]. Another meta-analysis 
demonstrated that the pooled prevalence of CT infection 
was 19.5% by NAAT among FSWs in China [6].

CT surveillance in many countries primarily uses 
nucleic acid amplification tests (NAAT) to detect current 
infections [9, 10]. Serological assays, however, can pro-
vide a history of past CT exposure [11–13]. About two-
thirds of infected individuals have detectable antibody 
levels within three months of infection, and approxi-
mately one-third of women with single notification of CT 
infection remain seropositive 3–10 years after the initial 
infection [13]. Some studies report that IgG antibodies 
can persist for over 12 years post-infection, reflecting 
cumulative exposure to CT [14]. A meta-analysis found 
an association between CT serology and fertility-related 
and adverse pregnancy outcomes in women, based on 
low- to moderate-quality evidence [15]. Therefore, CT 
serology may provide valuable insights into cumulative 

disease burden and historical exposure. However, due to 
technical and biological constraints, its utility in accu-
rately estimating the true incidence of infection is lim-
ited. However, serology could serve as a complementary 
tool to NAATs in specific contexts, such as prevalence 
studies or understanding long-term population exposure. 
Previous studies in the United States, Finland, and China 
indicated high CT seroprevalence among sexually active 
women [13, 14, 16]. However, the seroprevalence among 
FSWs in China remains unclear. Investigating this is cru-
cial for developing effective prevention and intervention 
strategies. This study aimed to determine the seropreva-
lence and associated factors of CT among FSWs in China.

Methods
Study sites
Between April 2022 and August 2022, a cross-sectional 
study was conducted in Yingde and Puning, Guang-
dong province, China, at venues where transactional sex 
occurs, utilizing the local capacity of the FSWs outreach 
program.

Study participants
Each city was equipped with an FSWs outreach team 
comprising at least one public health professional and 
one medical staff member, both possessing extensive 
experience in FSWs outreach services. These teams con-
sistently delivered critical public health interventions, 
including condom promotion, reproductive health edu-
cation, and sexually transmitted infections (STI) coun-
seling. Participants were deemed eligible if they met the 
following criteria: (1) female sex assigned at birth, (2) 
engaged in transactional sex at least once in the past year, 
(3) aged 18 years or older, (4) Chinese nationals, (5) will-
ing to provide urine and blood samples and complete the 
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survey, and (6) provide written informed consent. FSWs 
who provided erotic or sexual content without engaging 
in physical sexual activity with clients are excluded.

Data collection and variables
Mesaures
Paper questionnaires were utilized for data collection. 
The questionnaire used in this study was adapted from 
those used in our previous studies [7, 17], with modifi-
cations based on consultations with STI experts, local 
FSWs outreach service personnel, and policymakers. 
Before full implementation, a pilot survey with 20 vol-
unteer female sex workers was conducted to refine ques-
tionnaire items and evaluate the operational capacity of 
local FSWs outreach services.

Data were collected at FSWs’ working venues, where 
each face-to-face interview was conducted by a member 
of the outreach team. Eligible participants completed the 
questionnaires independently with support from out-
reach workers. For those unable to read, the outreach 
workers read the survey questions aloud and assisted 
with the responses. All survey responses were handled 
anonymously and kept confidential. Each participant was 
assigned a unique identifier, which was used to match the 
questionnaire responses with the corresponding urine 
and blood sample results.

Sociodemographic and behavioral characteristics
The sociodemographic data included age (years), eth-
nicity (Han/Non-Han), marital status (married/ single, 
divorced or widowed), household registration in rela-
tion to the sex work venue (local city/other city but same 
province/other provinces), monthly income (< 700/700–
1200/>1200 USD), education attainment (junior high 
school or below/ senior high school/technical school/col-
lege degree or above), and length of time working in the 
current location (< 6 month /6–12 months/>12 months). 
The sexual behavioral variables included having a steady 
partner (boyfriend or husband), consistent condom use 
during transactional sex in the past month (never/some-
times/always), and a lifetime history of chlamydia testing 
(yes/no) and in the last 12 months (yes/no). The variables’ 
responses were grouped for analysis based primarily on 
the frequency of response categories. Specifically, catego-
ries with a small number of responses were combined to 
ensure sufficient statistical power and meaningful inter-
pretation of the results. Consistent condom use was 
defined as the consistent use of condoms in any oral, vag-
inal, or anal transactional sex. Linkage to prevention and 
care as secured by the FSWs outreach team during this 
research, as per current sexual health recommendations.

Urine sample processing
Samples were self-collected from female sex work-
ers, each providing a 10 mL urine sample. After collec-
tion, transferred it into cobas® PCR Media tubes, mixed 
upside down 5 times. These samples were subsequently 
transported to the Dermatology Hospital of Southern 
Medical University for NAAT analysis to detect CT and 
NG. Transport of the urine samples adhered to con-
trolled temperature conditions and stored at 4  °C until 
processing.

DNA extraction and detection for CT and NG in FSW 
urine samples were conducted using the Roche cobas® 
4800 CT/NG system (Roche Diagnostics, Mannheim, 
Germany). This automated diagnostic assay utilizes a 
workstation to isolate nucleic acids from clinical speci-
mens and includes a real-time instrument for detecting 
CT and NG. Experimental procedures strictly adhered to 
the manufacturer’s instructions.

Serum sample processing
Following the interview, a 5 mL blood sample was col-
lected from participants by qualified medical profession-
als for laboratory testing. The bloods were allowed to clot 
at room temperature for an hour and transported to local 
hospital. Serum was separated by centrifugation at 1500 
RCF for 15 min at room temperature and then stored at 
-80 °C until it was shipped to the Dermatology Hospital 
of Southern Medical University by dry ice. The speci-
mens were frozen at -80 °C prior to assay. Serum samples 
underwent ELISA assays (DRG Instruments GmbH, Ger-
many) to detect CT IgG antibodies. Average absorbance 
values of patient samples and controls were recorded as 
OD and OD-CO, respectively. Relative absorbance values 
were standardized to DU/mL according to the manufac-
turer’s protocol.

Case definition
According to the manufacturer’s protocol, DU/mL val-
ues > 11 were considered positive, while DU/mL values < 9 
were deemed negative. DU/mL values ≥ 9 to 11 were cat-
egorized as indeterminate, requiring retesting after two 
to four weeks; if the second test also yielded values within 
this range, it was interpreted as negative. Due to the 
inability to collect additional samples within the speci-
fied timeframe, DU/mL values ≥ 9 to 11 were classified 
as negative based on expert judgment. To investigate fac-
tors influencing CT seroprevalence, a secondary analysis 
was conducted. ELISA results were reclassified into three 
categories: DU/mL values ≥ 37.89 (the median) were clas-
sified as high-positive, DU/mL values > 11 to 37.89 as 
low-positive, and DU/mL values ≤ 11 as seronegative.

CT infection was categorized into three groups based 
on CT NAAT results: individuals with a positive NAAT 
result were classified as currently infected, those with a 
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positive IgG antibody and negative NAAT result were 
classified as previously infected, and those with both pos-
itive CT IgG and positive urine CT NAAT were classified 
as experiencing reinfection.

Statistical analysis
The study presented sociodemographic characteristics, 
sexual behaviors, and CT testing history using descrip-
tive statistics. Exact Clopper–Pearson 95% confidence 
intervals were calculated for CT IgG prevalence via 
ELISA and CT pathogen prevalence via NAAT. Cat-
egorical variable distributions were evaluated using chi-
square tests (including Pearson chi-square, continuity 
correction, and Fisher’s exact test). Univariate and mul-
tivariable logistic regression analyses were conducted 
to explore associations between sociodemographic and 
behavioral variables and CT seropositivity. The multivari-
able model was adjusted for age, ethnicity, marital status, 
household registration in relation to the sex work venue, 
monthly income, educational attainment, and duration 
of residence in the current location. The study separately 
assessed the prevalence of CT reinfection and prior CT 
infection through stratified analysis. Subgroup analy-
ses examined the characteristics of FSWs with available 
CT serology data, categorized by IgG ELISA results. The 
multivariable model was adjusted for age, ethnicity, mari-
tal status, household registration in relation to the sex 
work venue, monthly income, educational attainment, 
and duration of residence in the current location. Statisti-
cal significance was set at P < 0.05, and all analyses were 
conducted using STATA software version 17.

Results
Sociodemographic characteristics and sexual behaviors
During the study, 511 FSWs were initially recruited, of 
whom 76 did not provide serum or urine samples, result-
ing in 435 samples being analyzed. The median age of the 
participants was 32.0 (IQR: 27.0–37.0) years. The major-
ity (78.2%, 340/435) were aged 20–39 years, identified as 
Han Chinese (89.2%, 388/435), and reported a monthly 
income of less than US $1200 (90.1%, 392/435). About 
two-thirds were single (61.6%, 268/435) and had worked 
in Guangdong Province for less than six months (52.2%, 
227/435). Most participants reported consistent condom 
use during transactional sex in the past month (65.5%, 
285/435) and had a steady male partner (61.6%, 268/435) 
(Table 1).

Seroprevalence of CT
In the study of 435 FSWs, 326 tested positive for CT IgG, 
yielding an overall IgG seroprevalence of 74.9% (95% CI, 
70.6–78.9). Seroprevalence varied significantly with age, 
ranging from 62.5% in those under 20 years to 88.6% in 
those over 39 years. Additionally, single, divorced, or 

widowed individuals exhibited higher seroprevalence 
(78.4%, 95% CI, 72.9–83.1) compared to married indi-
viduals (69.5%, 95% CI, 61.9–76.3) (P < 0.05). Concern-
ing behavioral factors, participants without a steady 
male partner had a higher seroprevalence (78.4%, 95% 
CI, 72.9–83.1) than those with steady male partners 
(P < 0.05). There is also a correlation between the sero-
prevalence of CT and the length of time working in the 
current location, the shorter the duration, the higher the 
infection rate (P < 0.05). (Table 1).

Current infection detected by NAAT
Among the 435 participants, the current infection pro-
portion determined by NAAT was 12.2% (95% CI, 
9.3–15.6), significantly lower than the seroprevalence 
of anti-CT IgG (74.9%, 326/435). Notably, the highest 
NAAT-positive proportion (31.3%, [95% CI, 11.0-58.7]) 
was observed in participants under 20 years old, whereas 
the lowest NAAT-positive proportion was found in those 
over 39 years old, which contrasts with the seropreva-
lence findings (Table 1).

High seropositivity and low seropositivity
The prevalence of high seropositivity was higher for sin-
gle, divorced or widowed FSWs compared to married 
FSWs (P < 0.05). The prevalence of high seropositivity 
was higher for income below 700$ compared to income 
above 1200$(P < 0.05). Among the current CT infec-
tions, 19.0% were low seropositivity and 81.0% were high 
seropositivity(P < 0.001) (Table 2).

Prevalence of CT reinfection
Among the 326 anti-CT IgG seropositive individual, 42 
tested positive for NAAT. These latter FSWs were clas-
sified as experiencing reinfection in this study. Conse-
quently, the overall prevalence of CT reinfection was 
12.9% (95% CI, 9.4–17.0). Remarkably, reinfection was 
notably higher at 50% (95% CI, 18.7–81.3) among partici-
pants under 20 years old, contrasting sharply with older 
age groups (P < 0.05) (Table 3).

Prevalence of prior CT infection
Among the 382 participants who tested negative for CT 
NAAT, 284 were found positive for CT IgG. This resulted 
in an overall seroprevalence of prior CT infection of 
74.3% (95% CI, 69.7–78.7) among the NAAT-negative 
participants. Notably, seroprevalence rose significantly 
from 45.5% (95% CI, 16.7–76.6) in those under 20 years 
to 88.4% (95% CI, 78.4–94.9) in those over 39 years 
(P < 0.05) (Table 4).

Factors associated with CT seroprevalence
After accounting for age, ethnicity, marital status, house-
hold registration in relation to the sex work venue, 
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monthly income, educational attainment, and length 
of residence in the current area, multivariable logistic 
regression analysis identified age (adjusted odds ratio 
(aOR) = 6.03, 95% CI: 1.68–21.70) as the only statisti-
cally significant factor associated with CT seropositivity 
(Table 5).

Discussion
FSWs are highly susceptible to CT infection globally. 
The study uncovers a high seroprevalence of CT IgG 
and a significant reinfection proportion among FSWs in 
Guangdong Province, China. Our study provides valu-
able insights into the prevalence and associated factors of 

anti-CT IgG among Chinese FSWs, with important impli-
cations for future CT interventions in this population.

We found a notably high CT IgG seroprevalence 
(73.9%) among Chinese FSWs, exceeding proportions 
reported in other regions of China (54.7%), Finland 
(65.5%), the United States (30.0%), and Kenya(19.0%) 
[13, 16, 18, 19]. This proportion is comparable to studies 
conducted in Cambodia(81.7%) and Brazil(100.0%) [20, 
21]. The elevated seroprevalence among FSWs is likely 
due to their prolonged involvement in transactional sex 
work and frequent sexual encounters with multiple cli-
ents. Our study identified age as a significant factor asso-
ciated with CT seropositivity, showing a clear trend of 

Table 1  Seroprevalence of anti-CT IgG and frequency of positive CT-NAAT among female sex workers in Guangdong Province, China, 
2022 (N = 435)
Characteristics Total CT IgG positive P Total CT-NAAT positive P

Number Frenquency,%(95%CI) Number Frenquency,%(95%CI)
Total 435 326 74.9(70.6–78.9) 435 53 12.2(9.3–15.6)
Age (years) 0.015 0.094
< 20 16 10 62.5(35.4–84.8) 16 5 31.3(11.0-58.7)
20–29 140 101 72.1(63.9–79.4) 140 18 12.9(7.8–19.6)
30–39 200 145 72.5(65.8–78.6) 200 20 10.0(6.2–15.0)
>=40 79 70 88.6(79.5–94.7) 79 10 12.7(6.2–22.0)
Ethnicity 0.063 0.283
Han 388 296 76.3(71.7–80.4) 388 45 11.6(8.6–15.2)
Non-Han 47 30 63.8(48.5–77.3) 47 8 17.0(7.6–30.8)
Legal marital status 0.037 0.424
Married 167 116 69.5(61.9–76.3) 167 23 13.8(8.9–19.9)
Single, divorced or widowed 268 210 78.4(72.9–83.1) 268 30 11.2(7.7–15.6)
Household registration in relation to the sex work venue 0.348 0.58
Local city 69 56 81.2(69.9–89.6) 69 11 15.9(8.2–26.7)
Other cities in this province 120 86 71.7(62.7–79.5) 120 14 11.7(6.5–18.8)
Other provinces 246 184 74.8(68.9–80.1) 246 28 11.4(7.7–16.0)
Monthly income (USD) 0.376 0.412
< $700 215 166 77.2(71.0-82.6) 215 25 11.6(7.7–16.7)
$700∼$1200 177 131 74.0(66.9–80.3) 177 25 14.1(9.4–20.1)
>$1200 43 29 67.4(51.5–80.9) 43 3 7.0(1.5–19.1)
Education attainment 0.203 0.741
Junior high school or below 297 225 75.8(70.5–80.5) 297 38 12.8(9.2–17.1)
Senior High school or technical school 125 94 75.2(66.7–82.5) 125 13 10.4(5.7–17.1)
College degree or above 13 7 53.8(25.1–80.8) 13 2 15.4(1.9–45.4)
Length of time working in current location 0.038 0.245
< 6 months 227 180 79.3(73.4–84.4) 227 22 9.7(6.2–14.3)
6∼12 months 91 68 74.7(64.5–83.3) 91 13 14.3(7.8–23.2)
Over 1 year 117 78 66.7(57.4–75.1) 117 18 15.4(9.4–23.2)
Consistent condom uses with clients in the past month 0.712 0.694
Yes 285 212 74.4(68.9–79.4) 285 36 12.6(9.0-17.1)
No 150 114 76.0(68.4–82.6) 150 17 11.3(6.7–17.5)
Steady male partner (boyfriend or husband) 0.037 0.844
Yes 167 116 69.5(61.9–76.3) 167 21 12.6(8.0-18.6)
No 268 210 78.4(72.9–83.1) 268 32 11.9(8.3–16.4)
Ever have chlamydia testing 0.113 0.549
Yes 96 66 68.8(58.5–77.8) 96 10 10.4(5.1–18.3)
No 339 260 76.7(71.8–81.1) 339 43 12.7(9.3–16.7)
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increasing seroprevalence with age. This finding is con-
sistent with previous studies in the United States(30.0%) 
and Haiti(41.7%) [16, 22]. FSWs, being highly sexually 
active, are more prone to CT infection, which stimulates 
the host immune response and antibody production. 
Serum antibodies serve as crucial markers of immunity 

Table 2  Characteristics of FSWs categorized by low-positive and 
high-positive anti-CT IgG levels in Guangdong Province, China, 
2022 (N = 326)
Total Total, n 

(%)
Low- 
positive 
Sample, n 
(%)

High- 
positive 
Sample, n 
(%)

P

326(74.9) 163(50.0) 163(50.0)
Age (years) 0.605
< 20 10(3.1) 3(30.0) 7(70.0)
20–29 101(31) 50(49.5) 51(50.5)
30–39 145(44.5) 73(50.3) 72(49.7)
>=40 70(21.5) 37(52.9) 33(47.1)
Ethnicity 0.443
Han 296(90.8) 146(49.3) 150(50.7)
Non-Han 30(9.2) 17(56.7) 13(43.3)
Legal marital status 0.021
Married 116(35.6) 68(58.6) 48(41.4)
Single, divorced or 
widowed

210(64.4) 95(45.2) 115(54.8)

Household registration in relation to the sex work venue 0.118
Local city 56(17.2) 21(37.5) 35(62.5)
Other cities in this 
province

86(26.4) 46(53.5) 40(46.5)

Other provinces 184(56.4) 96(52.2) 88(47.8)
Monthly income (USD) 0.047
< $700 166(50.9) 73(44.0) 93(56.0)
$700∼$1200 131(40.2) 71(54.2) 60(45.8)
>$1200 29(8.9) 19(65.5) 10(34.5)
Education attainment 0.629
Junior high school or 
below

225(69.0) 108(48.0) 117(52.0)

Senior High school or 
technical school

94(28.8) 51(54.3) 43(45.7)

College degree or 
above

7(2.1) 4(57.1) 3(42.9)

Length of time working in current location 0.276
< 6 months 180(55.2) 87(48.3) 93(51.7)
6∼12 months 68(20.9) 31(45.6) 37(54.4)
Over 1 year 78(23.9) 45(57.7) 33(42.3)
Consistent condom uses with clients in the past month 0.642
Yes 212(65) 108(50.9) 104(49.1)
No 114(35) 55(48.2) 59(51.8)
Steady male partner (boyfriend or husband) 0.105
Yes 116(35.6) 65(56.0) 51(44.0)
No 210(64.4) 98(46.7) 112(53.3)
Ever have chlamydia testing 0.408
Yes 66(20.2) 30(45.5) 36(54.5)
No 260(79.8) 133(51.2) 127(48.8)
The history of positive results among individuals who 
ever have chlamydia testing

0.955

Yes 13(19.7) 6(46.2) 7(53.8)
No 53(80.3) 24(45.3) 29(54.7)
Chlamydia NAAT positive < 0.001
Yes 42(12.9) 8(19.0) 34(81.0)
No 284(87.1) 155(54.6) 129(45.4)

Table 3  Prevalence of chlamydia reinfection among FSWs in 
Guangdong Province, China, 2022 (N = 326)
Characteristics Total Positives CT-NAAT and CT IgG P

Number Frenquency,%(95%CI)
Total 326 42 12.9(9.4–17.0)
Age (years) 0.004
< 20 10 5 50.0(18.7–81.3)
20–29 101 13 12.9(7.0–21.0)
30–39 145 15 10.3(5.9–16.5)
>=40 70 9 12.9(6.1–23.0)
Ethnicity 0.565
Han 296 37 12.5(9.0-16.8)
Non-Han 30 5 16.7(5.6–34.7)
Legal marital 
status

0.985

Married 116 15 12.9(7.4–20.4)
Single, divorced 
or widowed

210 27 12.9(8.6–18.2)

Household registration in relation to the sex work venue 0.261
Local city 56 10 17.9(8.9–30.4)
Other cities in 
this province

86 13 15.1(8.3–24.5)

Other provinces 184 19 10.3(6.3–15.7)
Monthly in-
come (USD)

0.597

< $700 166 22 13.3(8.5–19.4)
$700∼$1200 131 18 13.7(8.4–20.8)
>$1200 29 2 6.9(0.8–22.8)
Education 
attainment

0.743

Junior high 
school or below

225 31 13.8(9.6–19.0)

Senior High 
school or techni-
cal school

94 10 10.6(5.2–18.7)

College degree 
or above

7 1 14.3(0.4–57.9)

Length of time working in current location 0.566
< 6 months 180 20 11.1(6.9–16.6)
6∼12 months 68 10 14.7(7.3–25.4)
Over 1 year 78 12 15.4(8.2–25.3)
Consistent condom uses with clients in the past month 0.812
Yes 212 28 13.2(9.0-18.5)
No 114 14 12.3(6.9–19.7)
Steady male partner (boyfriend or husband) 0.744
Yes 116 14 12.1(6.8–19.4)
No 210 28 13.3(9.0-18.7)
Ever have chlamydia testing 0.838
Yes 66 9 13.6(6.4–24.3)
No 260 33 12.7(8.9–17.4)
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following CT infection, indicating past infection. Previ-
ous research has shown that approximately one-third 
of individuals remain seropositive for CT-specific anti-
bodies up to 3–10 years post-infection, with persistence 
strongly influenced by initial antibody levels and recur-
rent infections [13]. CT serology offers a valuable method 
for investigating the incidence of CT infection and 

understanding its epidemiology and prevention. While 
most studies use NAAT to detect active CT infection [9, 
10, 17], serological assays can determine the prevalence 
of past infections [12]. Serological assays for CT have 
been used in several countries to assess epidemiology, 
quantify unmet needs, inform service planning, evaluate 
interventions such as screening and treatment, and assess 
new vaccine candidates [4, 19, 23, 24]. Given these find-
ings, incorporating serological assays into FSWs sentinel 
surveillance programs through social assistance or policy 
support could provide more comprehensive data for CT 
control and prevention.

Our study identified a 12.8% reinfection proportion 
among Chinese FSWs, which is significantly higher than 
the proportions reported for reproductive-aged women 
in the United States (6.1%) and the general population 
in Northern China [2, 14]. One study suggests that while 
previous CT infections may provide some degree of pro-
tective immunity against reinfection, this immunity is 
partial and insufficient to prevent new infections fully 
[25]. FSWs are particularly vulnerable to CT reinfection 
due to frequent transactional sex activities, inconsistent 
condom use with private partners, and multiple sexual 
partners [26]. In our study, we also observed that younger 
FSWs had a higher risk of CT reinfection. This suggests 
that age may be a significant factor contributing to the 
increased susceptibility to reinfection, alongside the fac-
tors previously mentioned. Reinfection can lead to severe 
outcomes in women, including pelvic inflammatory dis-
ease, ectopic pregnancy, and infertility. Notably, half of 
the FSWs under 20 years old in our study experienced 
reinfection, highlighting the urgent need for targeted 
CT prevention measures for young women engaging in 
high-risk behaviors. Doxycycline post-exposure prophy-
laxis (doxyPEP) has been shown to significantly reduce 
the risk of acquiring certain bacterial STIs in populations 
at increased risk, making it a promising intervention for 
highly exposed groups such as FSWs [27]. Our study also 
found that only about one-fifth of FSWs had ever under-
gone CT testing in the lifetime, a proportion much lower 
than the proportion of FSWs tested within 12 months in 
German (65.4%) [28]. Test and treat, including FSWs cli-
ents, is a proven strategy for preventing early detection 
and onward transmission. Many developed countries, 
including the United States, England, and Australia, have 
implemented CT screening guidelines for sexually active 
women to increase testing rates [29–31]. However, China 
currently lacks such guidelines. There is an urgent need 
to develop appropriate screening strategies to increase 
chlamydia testing rates among FSWs in China. Evidence-
based interventions, such as promoting health education, 
improving condom use skills, enhancing communication 
and negotiation abilities, providing outreach services, 
and increasing basic knowledge of sexually transmitted 

Table 4  Prevalence of prior chlamydia infection among FSWs in 
Guangdong Province, China, 2022 (N = 382)
Characteristics Total Negative CT-NAAT and Positive 

CT IgG
P

Number Frenquency,%(95%CI)
Total 382 284 74.3(69.7–78.7)
Age (years) 0.005
< 20 11 5 45.5(16.7–76.6)
20–29 122 88 72.1(63.3–79.9)
30–39 180 130 72.2(65.1–78.6)
>=40 69 61 88.4(78.4–94.9)
Ethnicity 0.122
Han 343 259 75.5(70.6–80.0)
Non-Han 39 25 64.1(47.2–78.8)
Legal marital status 0.143
Married 144 101 70.1(62.0-77.5)
Single, divorced 
or widowed

238 183 76.9(71.0-82.1)

Household registration in relation to the sex work venue 0.269
Local city 58 46 79.3(66.6–88.8)
Other cities in 
this province

106 73 68.9(59.1–77.5)

Other provinces 218 165 75.7(69.4–81.2)
Monthly income (USD) 0.551
< $700 190 144 75.8(69.1–81.7)
$700∼$1200 152 113 74.3(66.6–81.1)
>$1200 40 27 67.5(50.9–81.4)
Education attainment 0.312
Junior high 
school or below

259 194 74.9(69.2–80.1)

Senior High 
school or techni-
cal school

112 84 75.0(65.9–82.7)

College degree 
or above

11 6 54.5(23.4–83.3)

Length of time working in current location 0.104
< 6 months 205 160 78.0(71.8–83.5)
6∼12 months 78 58 74.4(63.2–83.6)
Over 1 year 99 66 66.7(56.5–75.8)
Consistent condom uses with clients in the past month 0.783
Yes 249 184 73.9(68.0-79.2)
No 133 100 75.2(67.0-82.3)
Steady male partner (boyfriend or husband) 0.115
Yes 146 102 69.9(61.7–77.2)
No 236 182 77.1(71.2–82.3)
Ever have chlamydia testing 0.052
Yes 86 57 66.3(55.3–76.1)
No 296 227 76.7(71.4–81.4)
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diseases, have been shown to significantly reduce the risk 
of CT reinfection. Additionally, innovative approaches, 
including pay-it-forward programs and pre-exposure 
prevention strategies, can further complement tradi-
tional methods to enhance their effectiveness in reducing 
reinfection risks [32].

In this study, we found that women with CT reinfection 
exhibited higher antibody levels, with 81.0% of reinfected 
FSWs showing high seropositivity. Previous research 
indicated that a fourfold increase in chlamydia antibody 
titers between assessments was used as the case defini-
tion for reinfection in IgG-positive subjects, suggesting 
that reinfection may lead to elevated antibody titers [14]. 
Similar findings indicated that reinfected women with 
high seropositivity were approximately three times more 
prevalent than those with low seropositivity [2]. Addi-
tionally, a linear association between CT antibody levels 
and self-reported infertility in women was established 
[33], with infertile women showing high seropositivity 
almost twice as often as those with low seropositivity 
[2]. A systematic review have linked CT antibody levels 
to tubal disease [15, 34]. High chlamydia antibody titers 
may therefore indicate an elevated risk of reproductive 
disorders [35]. FSWs with high seropositivity should 
receive increased attention due to their elevated risk of 
ectopic pregnancy and tubal factor infertility. Compre-
hensive reproductive health education, increased screen-
ing, interventions aimed at reducing the frequency of 
intercourse or the number of sexual partners, strategies 
to increase condom use, and prompt treatment of pelvic 
inflammatory disease are all crucial measures to mitigate 
serious reproductive health consequences [32].

This study has several limitations. First, the FSW par-
ticipants were from two cities in Guangdong Province, 
which are covered by sexual and reproductive health 
services offered in their work settings, limiting both 
sample size and potentially reducing the generalizabil-
ity of the findings. Second, it was challenging for FSWs 
with unclear results to return for follow-up blood tests 
after two to four weeks, leading us to classify DU/mL val-
ues in gray areas as negative. This may have influenced 
the positivity rate of CT seroprevalence. Third, to iden-
tify factors associated with CT seroprevalence, we used 

Characteristic Anti-CT IgG (N = 435)
n(%) cOR 

(95%CI)
p aOR (95% 

CI)*
p

Age (years)
< 20 16(3.7) Ref Ref
20–29 140(32.2) 1.55(0.53–

4.56)
0.423 2.18(0.71–

6.70)
0.176

30–39 200(46) 1.58(0.55–
4.56)

0.396 2.11(0.70–
6.38)

0.186

>=40 79(18.2) 4.67(1.37–
15.92)

0.014 6.03(1.68–
21.70)

0.006

Ethnicity
Han 388(89.2) Ref Ref
Non-Han 47(10.8) 0.55(0.29–

1.04)
0.066 0.53(0.27–

1.05)
0.067

Legal marital status
Married 167(38.4) Ref Ref
Single, Divorced 
or widowed

268(61.6) 1.59(1.03–
2.47)

0.038 1.45(0.88–
2.38)

0.141

Household registration in relation to the sex work venue
Local city 69(15.9) Ref Ref
Other cities in this 
province

120(27.6) 0.59(0.29–
1.21)

0.149 0.61(0.29–
1.31)

0.203

Other provinces 246(56.6) 0.69(0.35–
1.34)

0.275 0.81(0.38–
1.70)

0.573

Monthly income (USD)
< $700 215(49.4) Ref Ref
$700∼$1200 177(40.7) 0.84(0.53–

1.34)
0.462 1.07(0.62–

1.84)
0.804

>$1200 43(9.9) 0.61(0.3–
1.25)

0.176 0.95(0.41–
2.20)

0.897

Education attainment
Junior high 
school or below

297(62.3) Ref Ref

Senior High 
school or techni-
cal school

125(28.7) 0.97(0.60–
1.58)

0.903 0.94(0.55–
1.61)

0.830

College degree or 
above

13(3.0) 0.37(0.12–
1.15)

0.085 0.51(0.14–
1.78)

0.289

Length of time working in current location
< 6 months 227(52.2) Ref
6∼12 months 91(20.9) 0.77(0.44–

1.37)
0.375 0.88(0.48–

1.61)
0.672

Over 1 year 117(26.9) 0.52(0.32–
0.86)

0.011 0.60(0.34–
1.05)

0.075

Consistent condom uses with clients in the past month
Yes 285(65.5) Ref Ref
No 150(34.5) 1.09(0.69–

1.73)
0.712 1.21(0.74–

1.98)
0.447

Steady male partner (boyfriend or husband)
Yes 167(38.4) Ref Ref
No 268(61.6) 1.59(1.03–

2.47)
0.038 1.25(0.74–

2.10)
0.403

Ever have chlamydia testing

Table 5  Factors associated with the detection of anti-CT IgG 
among FSWs in Guangdong Province, China, 2022 (N = 435) Characteristic Anti-CT IgG (N = 435)

n(%) cOR 
(95%CI)

p aOR (95% 
CI)*

p

Age (years)
Yes 96(22.1) Ref Ref
No 339(77.9) 1.50(0.91–

2.47)
0.114 1.21(0.70–

2.08)
0.499

* Adjusted for age, ethnicity, marital status, household registration in relation 
to the sex work venue, monthly income, educational attainment, and length of 
residence in the current area

Table 5  (continued) 
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the median value to define high and low positive levels 
based on expert opinion, which requires further research 
to refine. Fourth, as a cross-sectional study, longitudi-
nal serological research is needed to investigate the fre-
quency and antibody dynamics of CT infection in FSWs. 
Fifth, the absence of CT testing on oral and anal mucosa 
may have resulted in an underestimation of current CT 
infection cases. Sixth, the questionnaire did not capture 
data on antibiotic use for CT prevention, epidemiological 
treatment, or other health conditions requiring antibiot-
ics. This omission may have hindered the differentiation 
between actual CT infections and the effects of antibiotic 
usage, introducing potential bias in interpreting infection 
prevalence and treatment patterns. Seventh, the absence 
of data on non-participants in this study precludes a 
thorough assessment of potential selection bias. Drawing 
from existing literature and insights from the FSWs out-
reach team, we hypothesize that non-participants may 
have exhibited lower uptake of CT testing, limited aware-
ness of CT infection, and a reduced perceived risk of 
contracting CT, factors which likely contributed to their 
decision not to engage in the study [7, 36].

Conclusion
In conclusion, our study found a high prevalence of anti-
Chlamydia IgG among FSWs, including those who tested 
negative for CT NAAT. We observed a high reinfection 
proportion among Chinese FSWs and demonstrated that 
seroprevalence increases with age. The use of CT serolog-
ical assays as an epidemiological tool is gaining interest. 
Local community transmission prevention interventions 
prioritize younger FSWs and those who are new to trans-
actional sex, as these groups may be at higher risk of 
infection and reinfection. Targeted efforts in these pop-
ulations could effectively reduce the disease burden and 
contribute to broader public health goals. Overall, these 
findings further underscore the growing recognition of 
CT serological assays as indispensable tools for epidemi-
ological surveillance and intervention.

Abbreviations
FSWs	� Female sex workers
NAAT	� Nucleic acid amplification test
CT	� Chlamydia trachomatis
NG	� Neisseria gonorrhoeae
ELISA	� Enzyme-linked immunosorbent assay
STI	� Sexually transmitted infections
aOR	� Adjusted odds ratio
doxyPEP	� Doxycycline post-exposure prophylaxis

Acknowledgements
We would like to thank Dr. Xiangsheng Chen for valuable scientific discussions.

Author contributions
PZ, LX, BY and YX contributed to all stages and drafted the manuscript. JC 
and QX conducted the experiments. YH, HH, LX and LM assisted with data 
collection. WT, SH, CW and HZ contributed to study design and manuscript 
review. All authors have reviewed and approved the manuscript.

Funding
This work was supported by grants from the Educational Commission of 
Guangdong Province (2021KTSCX014), the Foundation of Dermatology 
Hospital of Southern Medical University(202111), the Science and Technology 
Projects of Guangzhou (2024A04J4485), and the Medical Scientific Research 
Foundation of Guangdong Province (C2023072).

Data availability
The dataset used in the study are available from the corresponding author on 
reasonable request.

Declarations

Ethics approval and consent to participate
The study has been approved by the ethics committee of the Dermatology 
Hospital of Southern Medical University (2022013). All participants provided 
written informed consent. This investigation was anonymous and confidential, 
and did not involve personally identifiable information.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Dermatology Hospital, Southern Medical University, 2 Rujing Rd, Yuexiu 
District, Guangzhou City, China
2Southern Medical University Institute for Global Health, Guangzhou City, 
China
3Guangzhou Key Laboratory for Sexually Transmitted Diseases Control, 
Guangzhou City, China
4Medical Center for Public Health of Puning, Puning City, China
5Yingde Center for Chronic Disease Control, Yingde City, China
6University of North Carolina Project-China, Guangzhou City, China

Received: 30 August 2024 / Accepted: 14 February 2025

References
1.	 World Health Organization. WHO guidelines for the treatment of Chlamydia 

trachomatis. 2016.
2.	 Anyalechi GE, Hong J, Danavall DC, Martin DL, Gwyn SE, Horner PJ, Raphael 

BH, Kirkcaldy RD, Kersh EN, Bernstein KT. High plasmid gene protein 3 (Pgp3) 
Chlamydia trachomatis seropositivity, pelvic inflammatory disease, and 
Infertility among Women, National Health and Nutrition Examination Survey, 
United States, 2013–2016. Clin Infect Dis. 2021;73(8):1507–16.

3.	 Li C, Ong J, Tang W, Wang C. Editorial: Chlamydia trachomatis infection: 
epidemiology, prevention, clinical, and basic science research. Front Public 
Health. 2023;11:1167690.

4.	 Yu H, Geisler WM, Dai C, Gupta K, Cutter G, Brunham RC. Antibody responses 
to Chlamydia trachomatis vaccine candidate antigens in Chlamydia-infected 
women and correlation with antibody-mediated phagocytosis of elementary 
bodies. Front Cell Infect Microbiol. 2024;14:1342621.

5.	 Shi L, Luo J, Chen Y, Chen L, Hu H, Qiu T, Liu X, Xu X, Chen Y, Zhang Z, et al. 
Prevalence of syphilis and chlamydia trachomatis infection among female 
sex workers in Jiangsu, China: results from a multicenter cross-sectional and 
venue-based study. Front Public Health. 2022;10:1018724.

6.	 Jian H, Lu WJ, Chen ZW, Liang SQ, Yue XL, Li J, Zhang JH, Gong XD. Prevalence 
and trends of Chlamydia trachomatis infection in female sex workers and 
men who have sex with men in China: a systematic review and meta-analysis. 
BMC Public Health. 2024;24(1):1579.

7.	 Zhao PZ, Wang YJ, Cheng HH, Zhang Y, Tang WM, Yang F, Zhang W, Zhou JY, 
Wang C. Uptake and correlates of chlamydia and gonorrhea testing among 
female sex workers in Southern China: a cross-sectional study. BMC Public 
Health. 2021;21(1):1477.

8.	 Yue XL, Li J, Men PX, Wang J, Gong XD. Prevalence of chlamydia trachomatis 
infection among female sex workers in China: a meta-analysis. Chin J AIDS 
STD. 2017;23(04):318–21.



Page 10 of 10Zhao et al. BMC Infectious Diseases          (2025) 25:354 

9.	 US Preventive Services Task Force, Davidson KW, Barry MJ, Mangione CM, 
Cabana M, Caughey AB, Davis EM, Donahue KE, Doubeni CA, Krist AH, et al. 
Screening for Chlamydia and Gonorrhea: US Preventive Services Task Force 
Recommendation Statement. JAMA. 2021;326(10):949–56.

10.	 Schachter J, Chow JM, Howard H, Bolan G, Moncada J. Detection of Chla-
mydia trachomatis by nucleic acid amplification testing: our evaluation 
suggests that CDC-recommended approaches for confirmatory testing are 
ill-advised. J Clin Microbiol. 2006;44(7):2512–7.

11.	 Woodhall SC, Wills GS, Horner PJ, Craig R, Mindell JS, Murphy G, McClure 
MO, Soldan K, Nardone A, Johnson AM. Chlamydia trachomatis Pgp3 
antibody Population Seroprevalence before and during an era of widespread 
opportunistic Chlamydia Screening in England (1994–2012). PLoS ONE. 
2017;12(1):e0152810.

12.	 Woodhall SC, Gorwitz RJ, Migchelsen SJ, Gottlieb SL, Horner PJ, Geisler WM, 
Winstanley C, Hufnagel K, Waterboer T, Martin DL, et al. Advancing the public 
health applications of Chlamydia trachomatis serology. Lancet Infect Dis. 
2018;18(12):e399–407.

13.	 Öhman H, Rantsi T, Joki-Korpela P, Tiitinen A, Surcel HM. Prevalence and 
persistence of Chlamydia trachomatis-specific antibodies after occasional 
and recurrent infections. Sex Transm Infect. 2020;96(4):277–82.

14.	 Shui J, Xie D, Zhao J, Ao C, Lin H, Liang Y, Wang H, Dai Y, Tang S. Seroepi-
demiology of Chlamydia trachomatis infection in the General Population 
of Northern China: the Jidong Community Cohort Study. Front Microbiol. 
2021;12:729016.

15.	 Zuo Y, Jiang TT, Teng Y, Han Y, Yin YP, Chen XS. Associations of Chlamydia 
trachomatis serology with fertility-related and pregnancy adverse outcomes 
in women: a systematic review and meta-analysis of observational studies. 
EBioMedicine. 2023;94:104696.

16.	 Petersen MR, Patel EU, Grabowski MK, Gaydos CA, Quinn TC, Tobian AAR. 
Seroprevalence of Chlamydia trachomatis among female adults in the United 
States: the National Health and Nutrition examination surveys. Clin Infect Dis. 
2021;73(3):e629–37.

17.	 Wang J, Zhao P, Xu W, Wang C. Changing trends in Chlamydia and gonorrhea 
infections among female sex workers in Southern China: a surveillance data 
analysis spanning 2019 to 2022. J Public Health (Oxf ) 2023.

18.	 Ni AP, Lin GY, Yang L, He HY, Huang CW, Liu ZJ, Wang RS, Zhang JS, Yu JY, Li 
N, et al. A seroepidemiologic study of Chlamydia pneumoniae, Chlamydia 
trachomatis and Chlamydia psittaci in different populations on the mainland 
of China. Scand J Infect Dis. 1996;28(6):553–7.

19.	 Peeling RW, Kimani J, Plummer F, Maclean I, Cheang M, Bwayo J, Brunham RC. 
Antibody to chlamydial hsp60 predicts an increased risk for chlamydial pelvic 
inflammatory disease. J Infect Dis. 1997;175(5):1153–8.

20.	 Ohshige K, Morio S, Mizushima S, Kitamura K, Tajima K, Ito A, Suyama A, 
Usuku S, Saphonn V, Heng S, et al. Cross-sectional study on risk factors of 
HIV among female commercial sex workers in Cambodia. Epidemiol Infect. 
2000;124(1):143–52.

21.	 Caterino-de-Araujo A, editor. -l-SF: Seropositivity to Chlamydia trachomatis in 
prostitutes: relationship to other sexually transmitted diseases. Braz J Med Biol 
Res 1990, 23(8):697–700.

22.	 Chan Y, Martin D, Mace KE, Jean SE, Stresman G, Drakeley C, Chang MA, 
Lemoine JF, Udhayakumar V, Lammie PJ, et al. Multiplex serology for 

measurement of IgG Antibodies against Eleven Infectious Diseases in a 
National Serosurvey: Haiti 2014–2015. Front Public Health. 2022;10:897013.

23.	 Horner P. Can Chlamydia Serology be used to help inform a potential future 
Chlamydia Vaccination Strategy? Sex Transm Dis. 2017;44(12):722–4.

24.	 Danavall DC, Gwyn S, Anyalechi GE, Bowden KE, Hong J, Kirkcaldy RD, Ber-
nstein KT, Kersh EN, Martin D, Raphael BH. Assessment and utility of 2 Chla-
mydia trachomatis Pgp3 serological assays for seroprevalence studies among 
women in the United States. Diagn Microbiol Infect Dis. 2021;101(2):115480.

25.	 Geisler WM, Lensing SY, Press CG, Hook EW. 3rd: spontaneous resolution of 
genital Chlamydia trachomatis infection in women and protection from 
reinfection. J Infect Dis. 2013;207(12):1850–6.

26.	 Callander D, McManus H, Guy R, Hellard M, O’Connor CC, Fairley CK, Chow 
EPF, McNulty A, Lewis DA, Carmody C, et al. Rising Chlamydia and Gonor-
rhoea Incidence and Associated Risk factors among female sex workers in 
Australia: a retrospective cohort study. Sex Transm Dis. 2018;45(3):199–206.

27.	 Stewart J, Oware K, Donnell D, Violette LR, Odoyo J, Soge OO, Scoville CW, 
Omollo V, Mogaka FO, Sesay FA, et al. Doxycycline Prophylaxis to prevent sex-
ually transmitted infections in women. N Engl J Med. 2023;389(25):2331–40.

28.	 Bremer V, Haar K, Gassowski M, Hamouda O, Nielsen S. STI tests and propor-
tion of positive tests in female sex workers attending local public health 
departments in Germany in 2010/11. BMC Public Health. 2016;16(1):1175.

29.	 Workowski KA, Bachmann LH, Chan PA, Johnston CM, Muzny CA, Park I, Reno 
H, Zenilman JM, Bolan GA. Sexually transmitted infections Treatment guide-
lines, 2021. MMWR Recomm Rep. 2021;70(4):1–187.

30.	 Nwokolo NC, Dragovic B, Patel S, Tong CY, Barker G, Radcliffe K. 2015 UK 
national guideline for the management of infection with Chlamydia tracho-
matis. Int J STD AIDS. 2016;27(4):251–67.

31.	 Australian STI. Management Guidelines for Use in Primary Care. ​h​t​t​p​s​:​​​/​​/​s​t​​i​.​​g​u​i​​
d​e​l​i​​n​e​​s​​.​o​​​r​g​​.​​a​u​​/​s​e​x​​u​a​​​l​l​​y​-​t​r​​a​n​s​​m​i​​s​s​i​​​b​l​e​​-​i​n​f​​e​c​​t​​i​o​n​s​/​c​h​l​a​m​y​d​i​a​/. 2025.

32.	 Petrova D, Garcia-Retamero R. Effective evidence-based Programs for 
preventing sexually-transmitted infections: a Meta-analysis. Curr HIV Res. 
2015;13(5):432–8.

33.	 Li P, Chen Z. Association between serum Chlamydia trachomatis antibody 
levels and infertility among reproductive-aged women in the U.S. Front 
Public Health. 2023;11:1117245.

34.	 Omo-Aghoja LO, Okonofua FE, Onemu SO, Larsen U, Bergstrom S. Association 
of Chlamydia trachomatis serology with tubal infertility in Nigerian women. J 
Obstet Gynaecol Res. 2007;33(5):688–95.

35.	 Olaleye O, Olamijulo JA. The value of chlamydial antibody level for predicting 
tubal blockage among women undergoing hysterosalpingography in Lagos, 
Nigeria. Int J Gynaecol Obstet. 2016;134(1):33–6.

36.	 Xu W, Liang P, Wang C. Facilitators and barriers for Chlamydia and Gonorrhea 
Testing in Female Sex workers: a scoping review. Open Forum Infect Dis. 
2023;10(8):ofad397.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://sti.guidelines.org.au/sexually-transmissible-infections/chlamydia/
https://sti.guidelines.org.au/sexually-transmissible-infections/chlamydia/

	﻿Cross-sectional study on the seroprevalence, reinfection, and associated factors of ﻿Chlamydia trachomatis﻿ among female sex workers in Guangdong Province, China
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study sites
	﻿Study participants
	﻿Data collection and variables
	﻿Mesaures
	﻿Sociodemographic and behavioral characteristics
	﻿Urine sample processing
	﻿Serum sample processing
	﻿Case definition


	﻿Statistical analysis
	﻿Results
	﻿Sociodemographic characteristics and sexual behaviors
	﻿Seroprevalence of CT
	﻿Current infection detected by NAAT
	﻿High seropositivity and low seropositivity
	﻿Prevalence of CT reinfection
	﻿Prevalence of prior CT infection
	﻿Factors associated with CT seroprevalence

	﻿Discussion
	﻿Conclusion
	﻿References


