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The association between
adverse pregnancy outcomes
with genital Chlamydia

Trachomatis infection among
pre-pregnancy couples in
Shenzhen, China: A
cross-sectional study

Si Sun, Li Zhang, Qiuhong Wu, Lishan Tian, Yi Ding, Lanlan Liu,

Hailing Ye, Bo Li and Zhenzhou Luo*

Shenzhen Nanshan Center for Chronic Disease Control, Shenzhen, China

Objectives: To investigate the prevalence of adverse pregnancy outcomes

(APOs) in women and the impact of pre-pregnancy couples’ genitalChlamydia

Trachomatis (GCT) infection and other infections on APOs.

Study design: Data on genital infections were collected from the Free

Pre-pregnancy Health Check (FPHC) in Shenzhen, China. Data on APOs

were collected from a 1-year telephone follow-up of pregnancy status and

subsequent pregnancy outcomes.

Methods: APO data were used to count adverse outcomes, and logistic

regression was conducted to determine the association between APOs and

GCT infection.

Results: From December 2018 to December 2019, among 4,429 couples who

underwent FPHC; 1,925 were pregnant, and 1,816 couples were tracked for

pregnancy outcomes, including 1,471 normal pregnancies and 345 (19.00%)

APOs. The rest of 109 pregnant couples did not answer the phone or

refused to answer the pregnancy outcome during the follow-up. Among

APOs, the number of spontaneous abortions was 122 (35.36%), the number

of macrosomia was 85 (24.64%), the number of low birth weight (LBW) &

preterm births (PTB) was 39 (11.30%), the number of LBW was 34 (9.86%),

and the number of PTB was 31 (8.99%). The prevalence of GCT infection in

females and males was 4.24% [95% Confidence Interval, (CI): 3.41–5.27%] and

3.58% (95% CI: 2.79–4.57%), respectively. More than half (52.69%, 49/93) of the

couples were GCT-concordant. The prevalence of APOs in couples without

GCT infection was 18.74% (332/1,772). The prevalence of APOs in female

GCT-discordant was 32.14% (9/28), and the prevalence of APOs in male GCT-

discordant was 25% (4/16). The prevalence of APOs in GCT-concordant was

12.24% (6/49). Multivariable analysis indicated that females 30–35 years old

[adjusted Odds Ratio (aOR) = 1.08, 95% CI: 1.01–1.17] and over 35 years old

(aOR = 1.16, 95% CI: 1.03–1.32) were more likely to experiencing APOs.
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Conclusion: Although only women’s age was found to be associated with

APOs, the prevalence of APOs with GCT-discordant in couples, especially

female GCT-discordant, was higher than in those without infection or

who were GCT-concordant, suggesting that these groups, especially in

older women, should be paid more attention to in follow-ups to improve

reproductive health.

KEYWORDS

Chlamydia Trachomatis, GCT, adverse pregnancy outcome, APOs, concordant

Background

Adverse pregnancy outcomes (APOs) are important public

health issues, mainly including spontaneous abortion (SA),

stillbirth, ectopic pregnancy, preterm births (PTB), low birth

weight (LBW), macrosomia, birth defects, etc., (1). APOs

are harmful to the health of pregnant women and fetuses

and increase the risk of chronic non-communicable diseases

such as adult obesity, hypertension, and diabetes in offspring

(2–4). APOs seriously affect the economy and spirit of

relevant families.

The occurrence of APOs is related to many factors. Genital

Chlamydia Trachomatis (GCT) infection is one of the world’s

most common sexually transmitted infections (5). And studies

have shown that GCT infection is related to the occurrence

and development of many APOs (1). In 2011, Johnson et al.

(6) found that GCT infection significantly increased the risk

of LBW in newborns (aOR: 2.07, 95% CI: 1.01–4.24) in the

United States (US). A case-control study was done in October

2013 through June 2014 in Iran showed the prevalence of

GCT infection in pregnant women with a history of SA was

significantly higher than that in pregnant women with normal

childbirth (7), and Chlamydia Trachomatis (CT) DNA was more

common in the pregnancy products and placenta of aborted

women (8). In 2018, a meta-analysis showed that there was

a slight but statistically significant overall association between

GCT infection and PTB (OR = 1.27, 95% CI: 1.05–1.54) (9).

In 2020, a systematic review showed that mothers with GCT

infection were 1.35 times (OR = 1.35, 95% CI: 1.03–1.76) more

likely to develop adverse outcomes than non-infected mothers

while reducing GCT infection significantly improved pregnancy

outcomes (OR= 0.43; 95% CI: 0.27–0.68) (10).

Screening and treatment of GCT infection can help reduce

APOs. For instance, early screening and treatment of GCT

infection would significantly reduce the risk of PTB in pregnant

women (11). However, since about 70% of women and 50% of

men with GCT infection are asymptomatic (12), active screening

of high-risk groups is an effective way to prevent and treat GCT

infection (13). Currently, countries mainly screen women for

GCT infection (12, 14, 15). Still, some studies show that the

concordant rate of GCT infection between male and female

sexual partners is 10–75%, which means that some women may

still be threatened by GCT infection if the infections of these

women’s partners are not diagnosed and treated timely (16).

However, there’s no study on the impact of the GCT-concordant

status on APOs in China. So, this study was conducted to explore

the impact of the GCT infection, the GCT-concordant status

of pre-pregnancy couples, and other factors on APOs, through

long-term follow-up, and to provide ideas for GCT infection and

APOs prevention strategies.

Method

Study participants

Study participants were couples participated in the Free Pre-

pregnancy Health Check (FPHC) in Nanshan District, Shenzhen

from December 2018 to December 2019. Participants were

eligible for participation if they met the following inclusion

criteria: (1) willing to test GCT by nucleic acid detectionmethod;

(2) willing to participate and signed the informed consent.

Before the analysis, the records of all couples were anonymous.

This study was an observational study, which was beneficial and

harmless to the subjects.

Data collection

The medical staff followed up on the pregnancy status of

the couples who participated in the FPHC by telephone 1 year

after the FPHC. If they were pregnant within 1 year, we would

continue to follow up on their pregnancy outcomes by inquiring

about couples. If they were not pregnant within 1 year, the

follow-up would be terminated. Follow-up pregnancy outcomes

included normal pregnancy, SA, induced abortion in themedical

department, therapeutic induced labor, stillbirth, PTB, LBW,

macrosomia, and ectopic pregnancy.

The APOs in the current study included (17) (1) SA defined

as fetal death occurring before 28 weeks of gestation; (2) PTB

(delivery at a gestational age between 28 and <37 weeks);

(3) macrosomia (newborn birth weight ≧4,000 g); (4) LBW

Frontiers in PublicHealth 02 frontiersin.org

112

https://doi.org/10.3389/fpubh.2022.1038391
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Sun et al. 10.3389/fpubh.2022.1038391

(newborn birth weight <2,500 g); (5) stillbirth (intrauterine

death of the fetus after 20 weeks of pregnancy); (6) induced

abortion in the medical department (pregnancy termination by

medical methods due to diseases and other reasons within 14

weeks of pregnancy); (7) therapeutic induced labor (pregnancy

termination by medical methods due to diseases and other

reasons after more than 14 weeks); and (8) ectopic pregnancy

(the embryo attaches outside the uterus).

Female vagina swab samples test

After the medical staff inserted the vaginal dilator to dilate

the vagina, the medical staff used a sterile cotton swab to collect

the secretion in the posterior vault of the vagina. Medical staff

then performed a smear or dye microscopic examination for

genital Candida, trichomonas, clue cells, pH, whiff test, and

vaginal cleanliness. According to Amsel’s criteria (18) and other

research (19), two of three criteria, including clue cells, pH,

and whiff test, been presented to confirm bacterial vaginosis

(BV) diagnosis.

Female and male urine samples test

The participants held urine for 2 h, collected 10–20ml of

fresh anterior urine, and then staff transferred 3–5ml urine to

a Roche Cobas urine collection tube (Roche/n05170486190).

Samples were stored in a 4◦C environment and detection of CT

and Neisseria gonorrhoeae (NG) by Roche cobas 4800 system

occurred within 24 h according to the instruction manual (20).

The rest of the urine was tested for proteinuria, occult blood, and

white blood cells within 1 h.

Wives with GCT infections whose husband did not have

a GCT infection were considered female discordant (female

GCT-discordant). Conversely, husbands with GCT infections

whose wives did not have a GCT infection were considered

male discordant (male GCT-discordant). Wives and husbands

with GCT infections were considered concordant (GCT-

concordant) (16).

Statistical analysis

Two staff members entered all follow-up information into

Epidata 3.0 software (Epidata Association from Denmark), and

all test data were from their outpatient records. The test data was

exported to Excel software through the outpatient system, and

then the follow-up data and test data were matched through the

medical registration number. The Chi-square or Fisher test was

used to compare the categorical variables between groups, and

variables with P < 0.2 were incorporated into the univariate and

multivariable logistic regressions. In the multivariable model,

we adjusted for female age, female proteinuria, male age, and

GCT-concordant status. We reported odds ratios (OR), 95%

confidence intervals (CI) and P-values. Results are deemed to

be statistically significant when P ≤ 0.05. All analyses were

conducted on R software 3.6.1 (R Development Core Team,

Vienna, Austria).

Results

Sociodemographic characteristics

Overall, 4,429 couples participated in the Free Pre-

pregnancy Health Check (FPHC), of which 1,925 couples were

pregnant, and 1,816 couples were followed up for pregnancy

outcomes. The average age of females among the 1,816 couples

was 28.13 ± 3.16 years old, and the average age of males

was 29.5± 3.6.

Prevalence of APOs

During the 1-year follow-up period, 1,925 couples were

pregnant, 1,816 were followed up on pregnancy outcomes, and

345 (19.00%) cases of APOs were found (Figure 1). Among the

APOs, the majority were SA, macrosomia, and PTB combined

with LBW, accounting for 35.36% (prevalence 6.72%), 24.64%

(4.68%), and 11.30% (2.15%), respectively (Table 1).

FIGURE 1

Flowchart of follow-up process on pregnancy outcomes. FPHC,

Free Pre-pregnancy Health Check.

Frontiers in PublicHealth 03 frontiersin.org

113

https://doi.org/10.3389/fpubh.2022.1038391
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Sun et al. 10.3389/fpubh.2022.1038391

TABLE 1 APOs and general characteristics of pregnant

couples (n = 1,816).

Characteristics Number

of cases

Prevalence

(%)

Composition

ratio (%)

APOs 345 19.00 100

SA 122 6.72 35.36

Macrosomia 85 4.68 24.64

PTB & LBW 39 2.15 11.30

LBW 34 1.87 9.86

PTB 31 1.71 8.99

Stillbirth 10 0.55 2.90

Therapeutic induced

labor

9 0.50 2.61

Ectopic pregnancy 8 0.44 2.32

Induced abortion in

medicinedepartment

7 0.39 2.03

Female

Candida 210 11.56 -

BV 53 2.92 -

Vaginal cleanliness III 1,137 62.61 -

Vaginal cleanliness IV 350 19.27 -

Urine occult blood 246 13.55 -

Proteinuria 90 4.96 -

Urine white blood cells 289 15.91 -

GCT 77 4.24 -

Male

Urine occult blood 139 7.65 -

Proteinuria 114 6.28 -

Urine white blood cells 40 2.20 -

GCT 65 3.58 -

GCT-concordant status

Female GCT-discordant 28 1.54 -

Male GCT-discordant 16 0.88 -

GCT-concordant 49 2.70 -

Prevalence of GCT and other infections

The detection of female swab samples found that the vaginal

cleanliness of most females (81.88%) reached or exceeded grade

III, and 11.56% of females had Candida infection. Urine samples

showed that 13.55% of females had urine occult blood, 4.96% of

females had proteinuria, 15.91% of females had urine leukocytes,

7.65% of males had urine occult blood, 6.28% of males had

proteinuria, and 2.20% of males had urine leukocytes. The

nucleic acid test results of GCT infection in the reproductive

tract showed that the prevalence of GCT infection in females

and males were 4.24% (95% CI: 3.41–5.27%) and 3.58% (95%

CI: 2.79–4.57%), respectively. More than half (52.69%, 49/93) of

the couples were GCT-concordant, 31.11% of the couples were

female GCT-discordant, and 17.20% of the couples were male

GCT-discordant (Table 1). Trichomonas and NGwere not found

in all participants.

Factors correlated with APOs

Chi-square or Fisher test results showed that except for

the couple’s age, which was related to APOs, no relationship

between GCT infection and other symptoms and APOs was

observed (Table 2). In the multivariable logistic analysis, female

30–35 years old [adjusted Odds Ratio (aOR) = 1.08, 95%

CI: 1.01–1.17] and over 35 years old (aOR = 1.16, 95% CI:

1.03–1.32) were more likely to experiencing APOs (Table 3).

Still, the data showed that the prevalence of APOs in female

GCT-discordant and male GCT-discordant were higher than

the prevalence in non-infected couples (Table 2), even though

female GCT-discordant (aOR = 1.13, 95% CI: 0.97–1.30), male

GCT-discordant (aOR = 1.05, 95% CI: 0.87–1.28) and GCT-

concordant (aOR= 0.95, 95%CI: 0.85–1.06) were not associated

with APOs (Table 3).

Discussion

A cross-sectional study conducted in Nanshan, Shenzhen,

from December 2018 to December 2019 found that the

prevalence of APOs in pre-pregnancy couples in this region

was 19.00%, which was similar to the prevalence (15.60%) in

other areas of China (17). In this study, the highest of APOs’

constituent ratio was with SA (35.36%), which was higher than

that in other regions (18.94%) (21). This may be related to the

high work pressure of Shenzhen residents, resulting in high

psychological stress, and increasing the prevalence of SA (22).

The prevalence of LBW (4.02%) was similar to that of the

2010 study in Shaanxi Province (4.4%), while the prevalence of

macrosomia (4.68%) was slightly lower (6.3% for macrosomia)

than the same 2010 study (23). The prevalence of preterm birth

(3.86%) was much lower than that reported by a survey covering

132 cities in China from 2010 to 2013 (24).

It is worth noting that this study found that the prevalence

of SA, macrosomia, LBW, and PTB was high in all APOs.

In contrast, the prevalence of stillbirth, induced abortion in

medicine department, and therapeutic induced labor was low;

this situation was similar to other research (25). However, we

should be aware that PTB, LBW, and macrosomia are related

to chronic diseases in children, such as neurodevelopmental

disorders, cardiovascular diseases, and metabolic diseases (26,

27). In addition, PTB-related complications are closely related

to neonatal death (27). Therefore, close attention should be paid

to these three APOs and effective public health measures should

be taken.

This study found that female age was the influencing factor

of APOs. With an increase in female age, the incidence of APOs
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TABLE 2 Chi-square test for APOs and couples’ infections or symptoms.

Characteristics Normal pregnancy APOs % of APOs χ2 P

Female

Age (years) 21.73 <0.001

20–25 160 23 12.57

26–30 935 199 17.55

30–35 330 99 23.08

>35 46 24 34.29

Candida <0.01 1.000

No 1,301 305 18.99

Yes 170 40 19.05

BV 0.04 0.839

No 1,427 336 19.06

Yes 44 9 16.98

Vaginal cleanliness 2.85 0.415

I 235 59 20.07

II 26 9 25.71

III 933 204 17.94

IV 277 73 20.86

Urine occult blood 0.32 0.572

No 1,268 302 19.24

Yes 203 43 17.48

Proteinuria 3.31 0.069

No 1,391 335 19.41

Yes 80 10 11.11

Urine white blood cells <0.01 0.947

No 1,236 291 19.06

Yes 235 54 18.69

CT <0.01 1.000

No 1,409 330 18.98

Yes 62 15 19.48

Male

Age (years) 16.76 0.001

22–25 78 10 11.36

26–30 768 164 17.6

30–35 524 127 19.51

>35 101 44 30.34

Urine occult blood <0.01 1.000

No 1,358 319 19.02

Yes 113 26 18.71

Proteinuria <0.01 1.000

No 1,379 323 18.98

Yes 92 22 19.30

Urine white blood cells <0.01 1.000

No 1,439 337 18.98

Yes 32 8 20.00

CT 0.35 0.552

No 1,416 335 19.13

Yes 55 10 15.38

(Continued)
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TABLE 2 (Continued)

Characteristics Normal pregnancy APOs % of APOs χ2 P

CT-concordant status — 0.165*

Non-infected couples 1,397 326 18.92

Female GCT-discordant 19 9 32.14

Male GCT-discordant 12 4 25.00

GCT-concordant 43 6 12.24

*Fisher test.

TABLE 3 Univariate and multivariable logistic analysis of factors associated with APOs.

Characteristics Crude model Adjusted model*

OR (95% CI) P aOR (95% CI) P

Female

Age (years)

20–25 Ref - Ref -

26–30 1.05 (0.99–1.12) 0.109 1.04 (0.97–1.11) 0.286

30–35 1.11 (1.04–1.19) 0.002 1.08 (1.01–1.17) 0.036

>35 1.24 (1.12–1.38) <0.001 1.16 (1.03–1.32) 0.018

Proteinuria

No Ref - Ref -

Yes 0.92 (0.85–1.00) 0.050 0.93 (0.86–1.01) 0.087

Male

Age (years)

22–25 Ref - Ref -

26–30 1.06 (0.98–1.16) 0.153 1.05 (0.96–1.14) 0.327

30–35 1.08 (0.99–1.18) 0.067 1.04 (0.95–1.15) 0.360

>35 1.21 (1.09–1.34) <0.001 1.11 (0.99–1.25) 0.068

GCT-concordant status

Non-infected couples Ref - Ref -

Female GCT-discordant 1.14 (0.99–1.32) 0.077 1.13 (0.97–1.30) 0.111

Male GCT-discordant 1.06 (0.88–1.29) 0.537 1.05 (0.87–1.28) 0.592

GCT-concordant 0.94 (0.84–1.05) 0.240 0.95 (0.85–1.06) 0.339

*Female age, female proteinuria, male age, and GCT-concordant status were adjusted for each other.

also increased, which is consistent with Frederiksen et al. (28).

A Swiss study involving 2,009,068 pregnant females showed

that old age was a significant risk factor for PTB, especially for

extreme PTB at 22–31 weeks (29). A multicenter study in the

UK showed that the risk of premature delivery among older

pregnant females increased by 2.5 times (30). This association

likely due to placental dysfunction mediate APOs in advanced

maternal age (31).

The prevalence of GCT infection in females (4.24%) in

Shenzhen was similar to our previous research (4.12%) (32) and

the prevalence in females in the WHO Western Pacific region

(4.3%). The prevalence of GCT infection in males (3.58%) in

Shenzhen was similar to that of males in the WHO Western

Pacific region (3.4%) (5). We did not find an association between

male or female GCT infection and APOs, which was expected

because all patients were informed of their infection through

messages and advised to treat. Vercruysse et al. (33) reported that

urogenital CT infection in pregnancy, if adequately treated, has

nothing to do with PTB. However, since we could not obtain the

treatment data of all patients, we could not accurately answer

the association between GCT infection and APOs. Still, meta-

analysis showed that in the unadjusted analysis, GCT infection

was related to the increased risk of APOs (1).

There were few GCT concordant status studies on GCT

infection (16, 34, 35) which may help to understand the extent

of sexual partners’ infection with the same pathogen. If couples

did not test for CT, female or male partners are prone to

misdiagnosis, as this omissionmay lead to GCT infection. In this

study, half (52.69%) of the couples with positive GCT infection

results were concordant. Similarly, Quinn et al. (35) reported
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52% concordant in 101 CT positive samples, Guerra-Infante

et al. (36) reported 57% concordant in 14 positive samples, and

Schillinger et al. (34) reported 55% concordant in 128 positive

samples. Although we did not find an association between

GCT-discordant and APOs, the prevalence of APOs in couples

with GCT-discordant infection was higher than that in couples

without infection or GCT-concordance, which suggests that we

may need to pay more attention to the health education of

GCT-discordant couples.

Some countries or regions have issued guidelines for CT

infection screening (12, 14, 15), however, except for the US,

many countries or regions have not carried out universal GCT

infection screening for pregnant females. Our data shows that

75.38% of themale patients’ partners were positive, meaning that

0.88% of wives would be infected due to male GCT-discordance.

In addition, about 70% of females had no apparent symptoms

after GCT infection (12). This makes many females unable to

get a timely diagnosis and treatment after GCT infection, and

it may lead to the occurrence of GCT sequelae and the increase

of APOs.

Our study has several limitations. Firstly, we failed to collect

other factors related to APOs, such as socioeconomic factors,

other infection factors, drug use, etc. These factors would

confuse the association between GCT infection and APOs.

Secondly, the time between the occurrence of CT detection and

the emergence of APOs was at least 10 months. Other events

affected APOs, untreated GCT infection resolved spontaneously

(37), and GCT reinfection occurred in this period, all of

these conditions would affect the results. Thirdly, we did not

know the CT genotypes of GCT concordant and discordant

couples, as inconsistent genotypes in GCT-concordant meant

both husband and wife had multiple sexual partners, it would

increase reinfection risk. However, Schillinger et al. showed that

92.6% of concordant couples infected with CT showed the same

genotype (34), which may occur in this study.

In conclusion, although only women’s age was found to

be associated with APOs, the prevalence of APOs in female

and male GCT-discordant couples is higher than that in

uninfected or GCT-concordant couples, especially in female,

which indicates that more attention should be paid to the health

education of this group in follow-ups.
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within 1 year among
heterosexuals with chlamydia
attending a sexual health clinic
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Marcus Chen2,3, Ivette Aguirre2, Jane Goller4, Jane Hocking4,

Natalie Carvalho5, Lei Zhang2,3,6*† and Jason J. Ong2,3,7*†

1Department of Epidemiology and Health Statistics, School of Public Health, Shanghai University of

Traditional Chinese Medicine, Shanghai, China, 2Melbourne Sexual Health Centre, The Alfred,

Melbourne, VIC, Australia, 3Central Clinical School, Monash University, Melbourne, VIC, Australia,
4Centre for Epidemiology and Biostatistics, Melbourne School of Population and Global Health, The

University of Melbourne, Melbourne, VIC, Australia, 5Centre for Health Policy, Melbourne School of

Population and Global Health, The University of Melbourne, Melbourne, VIC, Australia, 6China

Australia Joint Research Center for Infectious Diseases, School of Public Health, Xi’an Jiaotong

University Health Science Centre, Xi’an, Shaanxi, China, 7Faculty of Infectious and Tropical Diseases,

London School of Hygiene and Tropical Medicine, London, United Kingdom

Background: Chlamydia trachomatis (chlamydia) is one of the most common

sexually transmitted infections (STI) globally, and re-infections are common.

Current Australian guidelines recommend re-testing for chlamydia 3 months

after treatment to identify possible re-infection. Patient-delivered partner

therapy (PDPT) has been proposed to control chlamydia re-infection among

heterosexuals. We aimed to identify determinants and the prediction of

chlamydia re-testing and re-infection within 1 year among heterosexuals with

chlamydia to identify potential PDPT candidates.

Methods: Our baseline data included 5,806 heterosexualswith chlamydia aged

≥18 years and 2,070 re-tested for chlamydia within 1 year of their chlamydia

diagnosis at the Melbourne Sexual Health Center from January 2, 2015, to May

15, 2020. We used routinely collected electronic health record (EHR) variables

andmachine-learningmodels to predict chlamydia re-testing and re-infection

events. We also used logistic regression to investigate factors associated with

chlamydia re-testing and re-infection.

Results: About 2,070 (36%) of 5,806 heterosexuals with chlamydia

were re-tested for chlamydia within 1 year. Among those retested,

307 (15%) were re-infected. Multivariable logistic regression analysis

showed that older age (≥35 years old), female, living with HIV,

being a current sex worker, patient-delivered partner therapy users,

and higher numbers of sex partners were associated with an

increased chlamydia re-testing within 1 year. Multivariable logistic

regression analysis also showed that younger age (18–24 years), male
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gender, and living with HIV were associated with an increased chlamydia

re-infection within 1 year. The XGBoost model was the best model for

predicting chlamydia re-testing and re-infection within 1 year among

heterosexuals with chlamydia; however, machine learning approaches and

these self-reported answers from clients did not provide a good predictive

value (AUC < 60.0%).

Conclusion: The low rate of chlamydia re-testing and high rate of chlamydia

re-infection among heterosexuals with chlamydia highlights the need for

further interventions. Better targeting of individuals more likely to be re-

infected is needed to optimize the provision of PDPT and encourage the test

of re-infection at 3 months.

KEYWORDS

Chlamydia trachomatis, re-testing, re-infection, heterosexual, predictive model,

machine learning, variable importance, risk factors

Background

Chlamydia trachomatis (chlamydia) is the most common

bacterial sexually transmitted infection (STI) globally (1, 2). An

estimated 131 million incident cases of chlamydia infections are

acquired globally among people aged 15–49 years annually (3).

After treatment, chlamydia re-infections are common, occurring

in about 10–20% of patients within 12 months (4–8). Identifying

and treating chlamydia re-infection promptly among women

is vital because re-infection is associated with a higher risk of

pelvic inflammatory disease (9). A study in Australia reported

that the chlamydia re-infection rate was 22.3 (95%CI: 13.2–

37.6) per 100 person-years among women aged 16–25 years

(8). Australian guidelines recommend chlamydia re-testing at

3 months after treatment to identify possible re-infection (10,

11). Chlamydia re-testing was relatively low (40%) within 1.5–

12 months (12). Therefore, developing innovative measures

that increase repeat testing for chlamydia following chlamydia

infection is important.

Treatment of partners is necessary for heterosexuals with

chlamydia to prevent re-infection and interrupt the chain of

chlamydia transmission (13). Patient Delivery Partner Therapy

(PDPT) has been proposed as a possible strategy for reducing

re-infection and preventing the sequelae of STIs (14). PDPT

involves providing antibiotic treatment to the sexual partners

of patients diagnosed with a treatable sexually transmitted

infection by giving the prescription ormedication to the patient’s

sexual partner(s) via the diagnosed patient (15). The purpose

of PDPT is to enable sexual partners who may be reluctant to

attend a health provider to be treated earlier, thus reducing the

risk of re-infecting the diagnosed patient. Two observational

studies found that PDPT may lower women’s re-infection risk

(16, 17). In Australia, PDPT is permissible for heterosexual

men and women diagnosed with chlamydia (18). Identifying

heterosexuals with chlamydia at high risk of re-infection who

could benefit from PDPT is important for implementing PDPT.

Predictive models can assist clinical decision-making (19).

Developing a predictive model for predicting chlamydia re-

testing and re-infection within 1 year among heterosexuals could

be used to identify potential PDPT candidates and prioritize

chlamydia re-infection screening and sexual health service

planning. Machine learning approaches have some advantages

in prediction, including not requiring statistical inferences

and assumptions (20), improving accuracy by exploiting

complex interactions between risk factors (21), handling a

mass of predictors and combining them in a non-linear and

highly interactive way (22). Despite these advantages, to our

knowledge, only one study used machine learning to predict

STI re-infection. Our study used machine learning algorithms

to predict the risk of acquiring ≥1 or ≥2 additional STIs

(combinations of gonorrhea, chlamydia, and syphilis) diagnoses

within 1 or 2 years after the initial diagnosis among patients

(not limited to heterosexuals) in Massachusetts, USA (23). No

studies have used machine learning to predict chlamydia re-

testing or re-infection among heterosexuals. Our research team

has also used machine learning approaches to predict the uptake

of HIV/STI testing amongmen who have sex with men receiving

reminders for testing (24).

We aimed to predict chlamydia re-testing and re-infection

within 1 year among heterosexuals with chlamydia using

machine learning algorithms. We also used univariable and

multivariable logistic regression to identify variables associated

with chlamydia re-testing and re-infection.

Methods

Our analysis used electronic health records (EHRs) data

between January 2, 2015, and May 15, 2020, at the Melbourne
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Sexual Health Center (MSHC). We included individuals who

were (1) heterosexuals with chlamydia (including heterosexual

males and females) and (2) aged 18 years and above.

Predictors

Based on the literature review and expert discussion, we

selected potential predictors. Potential predictors were selected

from data routinely collected through a computer-assisted

self-interviewing system used when patients enter the clinic

(25) and from other routinely collected data items in the

clinical setting. Self-reported predictors at baseline (i.e., at the

time of their diagnosis of chlamydia) were included, such

as demographics (age at the consultation, gender, country of

birth, access to Medicare, ever sex worker, current sex worker),

sexual practices (numbers of sex partners in the last 3 months,

sex overseas in the last 12 months, condoms used with sex

partners in the last 3 months), self-reported past STI (i.e.,

chlamydia, genital herpes, genital warts, gonorrhea, syphilis),

HIV infection, use of PDPT (i.e., the diagnosed client receiving

an extra prescription of antibiotics to give to their sexual

partner), injecting drug use in the last 3 months, triage reason

as asymptomatic screening, triage reason as STI symptoms,

and triage reason as contact of any STI (summarized in

Table 1). In the machine learning analysis, we did not include

PDPT users.

Outcome

The primary outcome was chlamydia re-infection, defined

as the first new chlamydia diagnosis using nucleic acid

amplification testing from any anatomical site, including

the oropharynx, urethra/urine, or anorectum, at least 30

days after and within 365 days after a positive chlamydia

diagnosis. The selection of chlamydia re-infection from

30 to 365 days after a positive chlamydia diagnosis is

consistent with a Chlamydia trachomatis re-infection study

among female adolescents (26). In this study, chlamydia re-

testing was defined as those heterosexuals who had new

chlamydia diagnosis results (either positive or negative) at

least 30 days after and within 365 days after a positive

chlamydia diagnosis.

Analysis

Statistical analysis was conducted with R 4.0.3.

Descriptive statistics were used to summarize the patient

characteristics. We also performed risk factor analysis using

univariable and multivariable logistic regression analyses

to calculate the unadjusted odds ratio (OR) and adjusted

OR. Variables with p < 0.20 in the univariable logistic

regression analysis were included in the multivariable

logistic regression analysis to identify independent risk

factors. All statistics were performed using a two-sided

test, and statistical significance was considered at p

< 0.05.

Machine learning algorithms were conducted with

Python 3.9.7. We developed 10 commonly utilized machine

learning models, including Logistic Regression (LR), K-

Nearest Neighbors (KNN), Adaptive Boosting Classifier

(AdaBoost), SVM with a Radial Basis Function Kernel (SVM),

Gaussian Naive Bayes (GaussianNB), Gradient Boosting

Machine (GBM), Light Gradient Boosting Decision Machine

(LightGBM), Extreme Gradient Boosting (XGBoost), Random

Forest (RF), and Multi-Layer Perceptron (MLP). LR, GBM,

AdaBoost, GaussianNB, KNN, SVM, RF, and MLP was

built using the scikit-learn library. LightGBM was built

using the LightGBM library. XGBoost was built using the

xgboost library. We performed a 3 × 10 (3 outer folds, 10

inner folds) nested cross-validation to avoid overfitting and

improve generalizability (25, 27). We used the Bayesian

optimisation method for tuning the hyperparameters. The

performance of machine learning models was measured by

the area under the receiver operating characteristics curve

(AUC) and accuracy on the independent testing dataset.

We also calculated the variable importance of chlamydia

re-testing and re-infection within 1 year to investigate the

effect of different predictors on prediction (24, 25, 28).

First, we obtained the results of variable importance analysis

from each fold in the outer loop of nested cross-validation.

Then based on the value of AUC, we chose the one closest

to the mean AUC and reported the results of this variable

importance analysis.

Ethics approval

Ethical approval was granted by the Alfred Hospital Ethics

Committee, Australia (project number: 277/20).

Results

Characteristics of the study population

Our study data included 5,806 heterosexual

patients diagnosed with chlamydia. Among 5,806

patients, 35.7% (2,070/5,806) were re-tested for

chlamydia within 1 year. A total of 14.8% (307/2,070)

heterosexuals with chlamydia were re-infected with

chlamydia within 1 year. Further details of the

sociodemographic characteristics and sexual practices are

provided in Tables 1, 2.
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TABLE 1 Factors associated with chlamydia re-testing within 1 year among 5,806 heterosexual individuals with chlamydia.

Characteristic Event rate Crude OR 95% CI p-value Adjusted OR∗ 95% CI p-value

Gender

Female 1,089/2,752 (39.6%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Male 981/3,054 (32.1%) 0.72 0.65, 0.80 <0.001 0.74 0.66, 0.84 <0.001

HIV infection

HIV-negative 2,042/5,762 (35.4%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Living with HIV 28/44 (63.6%) 3.19 1.74, 6.04 <0.001 2.27 1.18, 4.50 0.016

Triage reason as

asymptomatic screening

No 1,910/5,404 (35.3%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 160/402 (39.8%) 1.21 0.98, 1.49 0.072 1.04 0.83, 1.29 0.749

Triage reason as STI

symptoms

No 1,139/3,235 (35.2%) 1 (ref) 1 (ref)

Yes 931/2,571 (36.2%) 1.04 0.94, 1.16 0.428

Triage reason as contact of

STI

No 1,703/4,547 (37.5%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 367/1,259 (29.2%) 0.69 0.60, 0.79 <0.001 0.79 0.69, 0.91 0.001

Past chlamydia

No 1,663/4,678 (35.5%) 1 (ref) 1 (ref)

Yes 407/1,128 (36.1%) 1.02 0.89, 1.17 0.738

Past genital herpes

No 2,011/5,655 (35.6%) 1 (ref) 1 (ref)

Yes 59/151 (39.1%) 1.16 0.83, 1.61 0.374

Past genital warts

No 1,991/5,610 (35.5%) 1 (ref) 1 (ref)

Yes 79/196 (40.3%) 1.23 0.92, 1.64 0.167

Past gonorrhea

No 2,015/5,661 (35.6%) 1 (ref) 1 (ref)

Yes 55/145 (37.9%) 1.11 0.78, 1.55 0.562

(Continued)
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TABLE 1 (Continued)

Characteristic Event rate Crude OR 95% CI p-value Adjusted OR∗ 95% CI p-value

Past syphilis

No 2,061/5,779 (35.7%) 1 (ref) 1 (ref)

Yes 9/27 (33.3%) 0.90 0.39, 1.96 0.801

Current sex worker

No 1,773/5,255 (33.7%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Unknown/missing 123/280 (43.9%) 1.54 1.21, 1.96 <0.001 1.35 0.81, 2.28 0.250

Yes 174/271 (64.2%) 3.52 2.74, 4.56 <0.001 2.50 1.88, 3.33 <0.001

Sex overseas in the past 12

months

No 942/2,517 (37.4%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Unknown/missing 188/450 (41.8%) 1.20 0.98, 1.47 0.080 1.06 0.78, 1.43 0.703

Yes 940/2,839 (33.1%) 0.83 0.74, 0.93 <0.001 0.90 0.79, 1.01 0.077

Use of PDPT

No 1,947/5,540 (35.1%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 123/266 (46.2%) 1.59 1.24, 2.03 <0.001 1.32 1.02, 1.70 0.033

Country of birth

Australia 587/1,610 (36.5%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Not Australia 1,414/3,987 (35.5%) 0.96 0.85, 1.08 0.482 0.92 0.80, 1.06 0.263

Unknown/missing 69/209 (33.0%) 0.86 0.63, 1.16 0.329 0.79 0.57, 1.09 0.152

Access to Medicare

No 786/1,995 (39.4%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Unknown/missing 155/780 (19.9%) 0.38 0.31, 0.46 <0.001 0.41 0.34, 0.50 <0.001

Yes 1,129/3,031 (37.2%) 0.91 0.81, 1.03 0.125 0.91 0.79, 1.04 0.182

Age

18–24 years 783/2,331 (33.6%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

25–34 years 1,044/2,895 (36.1%) 1.12 0.99, 1.25 0.063 1.13 1.00, 1.27 0.052

35 years old and above 243/580 (41.9%) 1.43 1.18, 1.72 <0.001 1.27 1.04, 1.55 0.019

(Continued)
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TABLE 1 (Continued)

Characteristic Event rate Crude OR 95% CI p-value Adjusted OR∗ 95% CI p-value

Injecting drug use in the past

3 months

No 1,926/5,440 (35.4%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Unknown/missing 132/320 (41.2%) 1.28 1.02, 1.61 0.034 0.83 0.52, 1.29 0.404

Yes 12/46 (26.1%) 0.64 0.32, 1.21 0.191 0.54 0.26, 1.06 0.085

Numbers of sex partners in

the past 3 months

1 sex partner 497/1,446 (34.4%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

2–5 sex partners 983/2,816 (34.9%) 1.02 0.90, 1.17 0.727 1.13 0.98, 1.30 0.083

5–10 sex partners 265/768 (34.5%) 1.01 0.84, 1.21 0.949 1.20 0.99, 1.46 0.064

More than 10 sex partners 76/196 (38.8%) 1.21 0.89, 1.64 0.225 1.46 1.06, 2.01 0.020

Unknown/missing 41/137 (29.9%) 0.82 0.55, 1.19 0.295 0.89 0.57, 1.39 0.626

N/A 443

Condoms used with sex

partners in the last 3 months

Always use condom 168/395 (42.5%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Not Always 1643/4,793 (34.3%) 0.70 0.57, 0.87 <0.001 0.80 0.65, 1.00 0.052

Unknown/missing 1643/4,793 (34.3%) 0.56 0.38, 0.81 <0.003 0.65 0.42, 1.00 0.052

N/A 208/443 (47.0%)

OR, Odds Ratio; CI, Confidence Interval; N/A, no sex in the past 3 months; PDPT, patient delivery partner therapy.
∗

Variables with p < 0.20 in the univariable logistic regression analysis were included in the multivariable logistic regression analysis.

The bold values indicate variables with p < 0.20 in the univariable logistic regression analysis.
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TABLE 2 Factors associated with chlamydia re-infection within 1 year among 2,070 re-tested heterosexual individuals.

Characteristic Event rate Crude OR 95% CI p-value Adjusted OR∗ 95% CI p-value

Gender

Female 132/1,089 (12.1%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Male 175/981 (17.8%) 1.57 1.23, 2.01 <0.001 1.55 1.16, 2.08 0.003

HIV infection

HIV-negative 294/2,042 (14.4%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Living with HIV 13/28 (46.4%) 5.15 2.39, 11.0 <0.001 4.02 1.64, 9.87 0.002

Triage reason as

asymptomatic screening

No 289/1,910 (15.1%) 1 (ref) 1 (ref)

Yes 18/160 (11.2%) 0.71 0.42, 1.15 0.187

Triage reason as STI

symptoms

No 162/1,139 (14.2%) 1 (ref) 1 (ref)

Yes 145/931 (15.6%) 1.11 0.87, 1.42 0.390

Triage reason as contact of

STI

No 251/1,703 (14.7%) 1 (ref) 1 (ref)

Yes 56/367 (15.3%) 1.04 0.75, 1.42 0.799

Past chlamydia

No 247/1,663 (14.9%) 1 (ref) 1 (ref)

Yes 60/407 (14.7%) 0.99 0.73, 1.34 0.955

Past genital herpes

No 303/2,011 (15.1%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 4/59 (6.78%) 0.41 0.12, 1.01 0.087 0.40 0.12, 1.00 0.085

Past genital Warts

No 293/1,991 (14.7%) 1 (ref) 1 (ref)

Yes 14/79 (17.7%) 1.25 0.66, 2.19 0.462

Past gonorrhea

No 295/2,015 (14.6%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 12/55 (21.8%) 1.63 0.81, 3.03 0.143 1.65 0.80, 3.18 0.150

(Continued)
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TABLE 2 (Continued)

Characteristic Event rate Crude OR 95% CI p-value Adjusted OR∗ 95% CI p-value

Past syphilis

No 306/2,061 (14.8%) 1 (ref) 1 (ref)

Yes 1/9 (11.1%) 0.72 0.04, 3.93 0.754

Current sex worker

No 249/1,773 (14.0%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Unknown/missing 30/123 (24.4%) 1.97 1.26, 3.01 0.002 0.55 0.17, 1.81 0.334

Yes 28/174 (16.1%) 1.17 0.75, 1.77 0.461 1.22 0.71, 2.04 0.456

Sex overseas in the past 12

months

No 137/942 (14.5%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Unknown/missing 37/188 (19.7%) 1.44 0.95, 2.13 0.076 0.61 0.28, 1.24 0.199

Yes 133/940 (14.1%) 0.97 0.75, 1.25 0.807 0.91 0.69, 1.20 0.501

Use of PDPT

No 285/1,947 (14.6%) 1 (ref) 1 (ref)

Yes 22/123 (17.9%) 1.27 0.77, 2.01 0.327

Country of birth

Australia 97/587 (16.5%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Not Australia 199/1,414 (14.1%) 0.83 0.64, 1.08 0.160 0.87 0.63, 1.20 0.387

Unknown/missing 11/69 (15.9%) 0.96 0.46, 1.82 0.902 1.11 0.52, 2.18 0.772

Access to Medicare

No 116/786 (14.8%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Unknown/missing 16/155 (10.3%) 0.66 0.37, 1.13 0.148 0.61 0.34, 1.05 0.088

Yes 175/1,129 (15.5%) 1.06 0.82, 1.37 0.656 0.91 0.66, 1.23 0.533

Age

18–24 years 125/783 (16.0%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

25–34 years 148/1,044 (14.2%) 0.87 0.67, 1.13 0.289 0.78 0.60, 1.02 0.074

35 years old and above 34/243 (14.0%) 0.86 0.56, 1.28 0.458 0.58 0.37, 0.89 0.016

(Continued)
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TABLE 2 (Continued)

Characteristic Event rate Crude OR 95% CI p-value Adjusted OR∗ 95% CI p-value

Injecting drug use in the past

3 months

No 272/1,926 (14.1%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Unknown/missing 34/132 (25.8%) 2.11 1.38, 3.15 <0.001 2.11 0.73, 5.55 0.144

Yes 1/12 (8.33%) 0.55 0.03, 2.86 0.571 0.30 0.01, 1.95 0.306

Numbers of sex partners in

the past 3 months

1 sex partner 64/497 (12.9%) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

2–5 sex partners 129/983 (13.1%) 1.02 0.74, 1.42 0.894 1.02 0.73, 1.42 0.927

5–10 sex partners 47/265 (17.7%) 1.46 0.96, 2.19 0.071 1.38 0.90, 2.11 0.140

More than 10 sex partners 15/76 (19.7%) 1.66 0.87, 3.04 0.109 1.45 0.74, 2.71 0.261

Unknown/missing 3/41 (7.32%) 0.53 0.13, 1.53 0.307 0.51 0.12, 1.51 0.287

N/A 208

Condoms used with sex

partners in the last 3 months

Always use condom 19/168 (11.3%) 1 (ref) 1 (ref)

Not Always 230/1,643 (14.0%) 1.28 0.80, 2.16 0.336

Unknown/missing 9/51 (17.6%) 1.68 0.68, 3.90 0.239

N/A 208

OR, Odds Ratio; CI, Confidence Interval; N/A, no sex in the past 3 months; PDPT, patient delivery partner therapy. ∗Variables with p < 0.20 in the univariable logistic regression analysis were included in the multivariable logistic regression analysis.

The bold values indicate variables with p < 0.20 in the univariable logistic regression analysis.
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Factors associated with chlamydia
re-testing and chlamydia re-infection
within 1 year using univariable and
multivariable logistic regression analyses

The potential factors that were included in the multivariable

logistic regression analysis of chlamydia re-testing within 1 year

among heterosexuals with chlamydia were age, gender, HIV

infection, triage reason as asymptomatic screening, triage reason

as contact of STI infection, current sex work, use of PDPT,

country of birth, access to Medicare, injecting drug use in the

past 3 months, had sex with a partner in the past 3 months,

numbers of sex partners in the past 3 months, condoms used

with sex partners in the last 3 months. Chlamydia re-testing

within 1 year among heterosexuals was associated with male

gender [adjusted odds ratios (aOR) = 0.74, 95%CI 0.66, 0.84],

living with HIV (aOR= 2.27, 95%CI 1.18, 4.50), presentation as

contact of STI infection (aOR = 0.79, 95%CI 0.69, 0.91), being

a current sex worker (aOR = 2.50, 95%CI 1.88, 3.33), users

of patient delivered partner therapy (aOR = 1.32, 95%CI 1.02,

1.70), older age (≥35 years old vs. 18–24 years, aOR = 1.27,

95%CI 1.04, 1.55), unknown/missing on accessing to Medicare

(aOR= 0.41, 95%CI 0.34, 0.50), and higher numbers of partners

in the last 3 months (>10 vs.1, aOR = 1.46, 95%CI 1.06, 2.01)

(Table 1).

The potential factors that were included in the multivariable

logistic regression analysis of chlamydia re-infection within 1

year among heterosexuals with chlamydia were age, gender,

HIV infection, past genital herpes, past gonorrhea, current sex

worker, sex overseas in the past 12 months, country of birth,

access to Medicare, injecting drug use in the past 3 months, had

sex with a partner in the past 3 months, numbers of sex partners

in the past 3 months, and condoms used with sex partners in

the past 3 months. Chlamydia re-infection within 1 year among

heterosexuals was associated with male gender (aOR = 1.55,

95%CI 1.16, 2.08), living with HIV (aOR = 4.02, 95%CI 1.64,

9.87), and older age (≥35 years old vs. 18–24 years, aOR= 0.58,

95%CI 0.37, 0.89) (Table 2).

Prediction of chlamydia re-testing and
chlamydia re-infection within 1 year
using machine learning approaches

The best model for predicting chlamydia re-testing within

1 year among heterosexuals with chlamydia was the XGBoost

[mean 58.5% (SD 0.1%)]. Adaboost, SVM, LightGBM, and

XGBoost performed better than LR in predicting chlamydia

re-testing within 1 year among heterosexuals with chlamydia.

However, machine learning approaches did not provide a

good predictive value for chlamydia re-testing on the testing

data (AUC < 60.0%). Further details of model performance

are provided in Table 3 and Supplementary Table 1. Variable

importance analysis using XGBoost showed that the top 10

identified predictors for chlamydia re-testing within 1 year

among heterosexuals with chlamydia included current sex

worker, access toMedicare, condoms used with sex partners, age,

gender, triage reason as contact of STI infection, injecting drug

use, sex overseas, numbers of sex partners, and triage reason as

STI symptoms (Figure 1).

The best model for predicting chlamydia re-infection within

1 year among heterosexuals with chlamydia was the XGBoost

[mean 58.5% (SD 1.1%)]. Adaboost and XGBoost performed

better than LR in predicting chlamydia re-infection within 1

year among heterosexuals with chlamydia. However, machine

learning approaches did not provide a good predictive value for

chlamydia re-infection on the testing data (all AUC < 60.0%).

Further details of model performance are provided in Table 3

and Supplementary Table 1. Variable importance analysis using

XGBoost showed that the top 10 identified predictors for

chlamydia re-infection within 1 year among heterosexuals with

chlamydia included gender, number of sex partners, age, past

gonorrhea, past chlamydia, injecting drug use, past genital warts,

condoms used with sex partners, sex overseas, and country of

birth (Figure 2).

Discussion

To our knowledge, this is the first study using machine

learning approaches to predict chlamydia re-testing and re-

infection within 1 year among heterosexuals with chlamydia.

Our study found a relatively low chlamydia re-testing rate

(36%) within 1 year among heterosexuals with chlamydia.

Our finding was similar to a previous study reporting that

about 40% were re-tested within 12 months in 25 general

practice clinics in the Australian Collaboration for Chlamydia

Enhanced Sentinel Surveillance system (12). Our study also

found a relatively high rate of chlamydia re-infection (15%)

within 1 year among heterosexuals with chlamydia. Our result

is consistent with previous studies reporting that the chlamydia

re-infection rate was about 10–20% of patients within 12months

(4–8). The low rate of chlamydia re-testing and high rate

of chlamydia re-infection suggest that further targeted and

personalized interventions are warranted among heterosexuals

with chlamydia. Our logistic regression analysis showed the

determinants of chlamydia re-testing and re-infection within

1 year among heterosexuals with chlamydia. Our machine

learning predictive models proposed a new way of using risk

prediction models to increase the low chlamydia re-testing rate

and reduce the high rate of chlamydia re-infection. Despite

the relatively poor prediction of chlamydia re-testing and

re-infection among heterosexuals, our findings suggest that

researchers could develop a wide range of machine learning

algorithms to find the best algorithm for prediction. Our study
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TABLE 3 Machine learning model evaluation of chlamydia re-testing and re-infection within1 year among heterosexual individuals with chlamydia

on the testing data set (mean/SD).

Chlamydia re-testing (n = 5,806) Chlamydia re-infection (n = 2,070)

AUC, % Accuracy, % AUC, % Accuracy, %

LR 57.6 (1.3) 65.3 (4.1) 57.3 (1.5) 85.2 (1.6)

Adaboost 57.8 (0.4) 65.4 (3.9) 58.3 (1.7) 85.0 (1.7)

SVM 58.1 (2.4) 65.3 (4.4) 47.8 (0.9) 85.2 (1.6)

XGBoost 58.5 (0.1) 64.9 (3.1) 58.5 (1.1) 85.2 (1.6)

RF 57.0 (1.1) 64.1 (2.6) 56.5 (2.0) 85.2 (1.6)

KNN 53.7 (0.1) 63.0 (3.2) 49.5 (2.5) 84.6 (2.3)

Gaussian NB 56.2 (0.6) 61.1 (2.1) 56.7 (1.6) 59.0 (29.7)

GBM 56.9 (1.5) 64.9 (4.4) 56.6 (3.3) 79.2 (9.9)

LightGBM 58.5 (0.2) 63.3 (2.5) 55.3 (1.7) 85.2 (1.6)

MLP 54.7 (3.8) 64.2 (4.7) 55.8 (1.4) 85.3 (1.3)

SD, standard deviation; AUC, area under the receiver operating characteristics curve; LR, Logistic Regression; KNN, K-Nearest Neighbor; AdaBoost, AdaBoost classifier; SVM, SVMwith a

Radial Basis Function Kernel; GaussianNB, Gaussian Naive Bayes; GBM, Gradient BoostingMachine; LightGBM, Light Gradient BoostingMachine, XGBoost, Extreme Gradient Boosting;

RF, Random Forest; MLP, and multi-layer perceptron.

also provides implications for further data collection in machine

learning analysis. In this study, we used routinely collected

data from the clinical setting. To improve the performance

of learning models in predicting chlamydia re-testing and re-

infection, researchers could pay more attention to the quality,

comprehensiveness, and accuracy of data collection to avoid

“garbage in, garbage out” (29). Our study provides implications

for selecting machine learning algorithms and predictors for

future machine learning studies in predicting chlamydia re-

testing and re-infection among heterosexuals with chlamydia.

Better targeting interventions for those at increased risk of re-

infection may help reduce their risk or encourage re-testing to

diagnose and treat their infection earlier.

We aimed to develop machine learning models to

predict chlamydia re-testing behavior within 1 year among

heterosexuals with chlamydia using routine questions in the

clinical setting. There are already some studies that have utilized

machine learning algorithms to predict sexual-health behaviors,

including sexual recidivism (30), sexual desire (31), reasons

for not using a condom (32), and HIV risk behaviors (33).

However, limited studies use machine learning algorithms to

predict sexual health service utilization behaviors. We noted a

previous study that reported that machine learning approaches

could predict HIV/STI re-testing after receiving clinic reminder

messages among MSM (24). Another study used machine

learning algorithms to predict HIV testing behavior among

participants from substance use disorder treatment programs

(34). Our study is the first to use machine learning approaches

to predict chlamydia re-testing. Therefore, it is difficult to

compare our results to others. Despite the poor prediction

of chlamydia re-testing behavior, developing good predictive

models for this is still necessary and important. Predicting

sexual healthcare utilization behaviors (e.g., future chlamydia

re-testing) may benefit the management and planning of sexual

health services for high-risk populations or focus prevention

interventions in advance. We hope our work could encourage

more machine learning research to predict chlamydia re-testing

behavior among heterosexuals with chlamydia.

We intended to develop predictive models for chlamydia

re-infection within 1 year among heterosexuals using machine

learning approaches. Predicting future chlamydia re-infection

could inform prioritizing interventions. A previous study used

machine learning algorithms that could predict chlamydia (AUC

= 0.67) acquisition within 1 year among males and females (28).

However, our machine learning predictive models indicated

that existing self-reported and routinely collected EHRs data

could not provide a high predictive value for chlamydia

re-infection events within 1 year among heterosexuals with

chlamydia (AUC < 0.6). Despite this, our study still provides

implications for future machine learning studies focusing on

predicting chlamydia re-infection. For example, our results

showed that Adaboost, and XGBoost performed better than

conventional logistic regression in predicting chlamydia re-

infection within 1 year among heterosexuals. Besides, the

low predictive performances suggest that existing self-reported

and routinely collected EHR data may not include some

important predictors for chlamydia re-infection, such as sexual

networks and background chlamydia prevalence. Another

machine learning study indicated that their models lacked data

for specific sexual practices (23). Our models did not include

other potential factors because these data were not routinely

collected EHRs data in the clinic, such as employment status

(8), cervical infection, contact with uncircumcised partners and

resuming sex with an untreated partner (35, 36).
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FIGURE 1

Variable importance in the prediction of chlamydia re-testing within 1 year among heterosexuals by XGBoost.

Better targeting of interventions to improve re-testing is

needed, especially for those with an increased likelihood of

chlamydia re-infection. Our study findings are consistent with

previous studies, which also found chlamydia re-testing was

associated with higher numbers of sex partners (37) and

among heterosexual females (38). We also observed that sex

workers showed a higher re-testing rate, probably because they

had a legal requirement for 3 monthly testing. Our variable

importance analyses suggest other possible predictors for

future predictive models of chlamydia re-testing using machine

learning approaches. The top identified predictors for chlamydia

re-testing were being a current sex worker, access to Medicare,

condoms used with sex partners, age, gender, triage reason as

contact of STI infection, injecting drug use, sex overseas, number

of sex partners, and presentation as symptomatic. We hope our

preliminary work encourages more machine learning research

to explore the effect of introducing additional predictors on

predicting chlamydia re-testing among heterosexuals.

Our study found that the chlamydia re-infection rate was

greater among individuals of younger age (18–24 years), male

gender, and living with HIV. These factors were consistent

with previous studies on risk factors for chlamydia infection.

A previous study showed that people living with HIV had

more repeat chlamydia infections in the Netherlands (39).

Young age at first infection was associated with an increased

risk of subsequent chlamydia infection within 1 year among

female adolescents in the US (26). A previous study found that

being a sex worker was associated with chlamydia (40). These

findings may provide clinical and public health researchers and

policymakers with a deeper understanding of the drivers of

chlamydia re-infection among heterosexuals at the population

level. Besides, our variable importance analyses suggest possible

important predictors for future predictive models of chlamydia

re-infection using machine learning approaches. Consistent

with previous studies on risk factors of chlamydia infection,

we found that factors such as condom use (41), having sex
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FIGURE 2

Variable importance in the prediction of chlamydia re-infection within 1 year among heterosexuals by XGBoost.

with a female or male partner (42), and sex workers (40)

were among the important predictors included in the machine

learning models.

Our study has some limitations. First, only about 36%

of individuals diagnosed with chlamydia returned for another

chlamydia test within 1 year. We did not have information

on whether the remaining individuals were tested elsewhere,

so this may be an underestimate and may lead to a selection

bias in our study. Among those retested, about 15% were re-

infected. It is possible that those at higher risk of re-infection

may be more likely to be retested. Therefore, the chlamydia

re-infection (15%) may be overestimated. Second, our findings

were from a single sexual clinic; therefore, studies from different

settings (e.g., those attending general practice) would be needed

to verify our results. Third, the validity of the predictive factors

depends on the accuracy of the self-reported information,

subject to participants’ recall and non-response bias. There

has been substantial work on the CASI system to ensure

its validity and accuracy (43). Fourth, we did not include

gonorrhea and chlamydia coinfection status in this study.

A previous study suggested that gonorrhea and chlamydia

coinfection may increase the risk of chlamydia re-infection

(36). Last, we included data up to May 2020, which might

introduce selection bias due to the COVID-19 lockdown in

Melbourne. The first COVID-19 lockdown started on March

30 and ended on May 12, 2020. Thus, our study included

a small number of clinic consultations during the COVID-

19 lockdown period. A previous study showed that the re-

testing patterns and sexual practices might have changed due to

COVID-19 (44).

Conclusions

The chlamydia re-testing rate within 1 year was relatively

low among heterosexuals with chlamydia; however, the
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re-infection rate of chlamydia was relatively high. Our

study highlights the need for innovative interventions to

increase chlamydia re-testing and reduce re-infection among

heterosexuals with chlamydia. Our findings elaborate on

the determinants of chlamydia re-testing and re-infection

within 1 year among heterosexuals with chlamydia. To

our knowledge, it is the first demonstration of machine

learning algorithms to identify heterosexuals with chlamydia

at high risk of re-infection who could benefit from patient-

delivered partner therapy. XGBoost model can improve

the prediction of chlamydia re-testing and re-infection

compared with traditional logistic regression. Our machine

learning predictive models may provide a promising way

to develop an innovative method to increase the low

chlamydia re-testing rate and reduce the high rate of

chlamydia re-infection.

Data availability statement

The data analyzed in this study is subject to the following

licenses/restrictions: The data is not publicly available

due to privacy or ethical restrictions but will be made

available on reasonable request to the corresponding

author, with the permission of the Alfred Hospital Ethics

Committee. Restrictions apply to the availability of these

data, which were used under ethical approval for this study.

Requests to access these datasets should be directed to JO,

jason.ong@monash.edu.

Ethics statement

The studies involving human participants were reviewed and

approved by the Alfred Hospital Ethics Committee, Australia

(project number: 277/20). As this was a retrospective study

involving minimal risk to the privacy of the study subjects,

informed consent was waived by the Alfred Hospital Ethics

Committee. All identifying details of the study subjects were

removed before any computational analysis.

Author contributions

JO, XX, and LZ conceived and designed the study.

XX did data cleaning, established the models and coding,

and wrote the first draft and editing. EC, JO, and LZ

contributed to data cleaning. EC, CF, MC, IA, JG, JH,

NC, LZ, and JO contributed to the interpretation of

data and manuscript revision. All authors contributed

to the preparation of the manuscript and approved the

final manuscript.

Funding

This work was supported by Australian National Health and

Medical Research Council Emerging Leadership Investigator

Grant (Grant GNT1172873 to EC; GNT1193955 to JO), the

Australian National Health and Medical Research Council

Leadership Investigator Grant (Grant GNT1172900 to CF),

National Natural Science Foundation of China (Grant

81950410639 to LZ), Outstanding Young Scholars Funding

(Grant 3111500001 to LZ), Xi’an Jiaotong University Basic

Research and Profession Grant (Grant xtr022019003 to LZ,

Grant xzy032020032 to LZ), Epidemiology modeling and

risk assessment (Grant 20200344 to LZ), and Xi’an Jiaotong

University Young Talent Support Grant (Grant YX6J004

to LZ).

Acknowledgments

The authors would like to acknowledge Afrizal Afrizal

from Melbourne Sexual Health Center for data extraction. The

authors would also like to thank Zhen Yu and Zongyuan Ge

at Monash University for their insightful discussion of machine

learning techniques.

Conflict of interest

The authors declare that the research was conducted in

the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those

of their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpubh.

2022.1031372/full#supplementary-material

Frontiers in PublicHealth 14 frontiersin.org

132

https://doi.org/10.3389/fpubh.2022.1031372
mailto:jason.ong@monash.edu
https://www.frontiersin.org/articles/10.3389/fpubh.2022.1031372/full#supplementary-material
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Xu et al. 10.3389/fpubh.2022.1031372

References

1. Institute. TK. HIV, viral hepatitis and sexually transmissible infections in
Australia: Annual surveillance report 2018. Available online at: https://kirby.
unsw.edu.au/report/hiv-viral-hepatitis-and-sexually-transmissible-infections-
australia-annual-surveillance (accessed May 07, 2017).

2. Rowley J, Vander Hoorn S, Korenromp E, Low N, Unemo M, Abu-Raddad
LJ, et al. Chlamydia, gonorrhoea, trichomoniasis and syphilis: global prevalence
and incidence estimates, 2016. Bul World Health Organ. (2019) 97:548–62.
doi: 10.2471/BLT.18.228486

3. World Health Organization. Global Health Sector Strategy on Sexually
Transmitted Infections 2016–2021: Toward Ending STIs. Geneva: World Health
Organization (2016).

4. Geisler WM, Lensing SY, Press CG, Hook EW III. Spontaneous resolution
of genital Chlamydia trachomatis infection in women and protection from
reinfection. J Infect Dis. (2013) 207:1850–6. doi: 10.1093/infdis/jit094

5. Hosenfeld CB, Workowski KA, Berman S, Zaidi A, Dyson J, Mosure
D, et al. Repeat infection with Chlamydia and gonorrhea among females:
a systematic review of the literature. Sex Transm Dis. (2009) 36:478–
89. doi: 10.1097/OLQ.0b013e3181a2a933

6. Xu F, Stoner BP, Taylor SN, Mena L, Tian LH, Papp J, et al. Use of
home-obtained vaginal swabs to facilitate rescreening for Chlamydia trachomatis
infections: two randomized controlled trials. Obstet Gynecol. (2011) 118(2 Pt
1):231–9. doi: 10.1097/AOG.0b013e3182246a83

7. Dunne EF, Chapin JB, Rietmeijer CA, Kent CK, Ellen JM, Gaydos CA, et al.
Rate and predictors of repeat Chlamydia trachomatis infection among men. Sex
Transm Dis. (2008) 35(11 Suppl.):S40–4. doi: 10.1097/OLQ.0b013e31817247b2

8. Walker J, Tabrizi SN, Fairley CK, Chen MY, Bradshaw CS, Twin
J, et al. Chlamydia trachomatis incidence and re-infection among young
women–behavioural and microbiological characteristics. PLoS ONE. (2012)
7:e37778. doi: 10.1371/journal.pone.0037778

9. Price MJ, Ades AE, De Angelis D, Welton NJ, Macleod J, Soldan K, et al.
Risk of pelvic inflammatory disease following Chlamydia trachomatis infection:
analysis of prospective studies with a multistate model. Am J Epidemiol. (2013).
178:484–92. doi: 10.1093/aje/kws583

10. Munari SC, Goller JL, Hellard ME, Hocking JS. Chlamydia prevention and
management in Australia: reducing the burden of disease. Med J Aust. (2022)
217:499–501. doi: 10.5694/mja2.51749

11. Ong JJ, Bourne C, Dean JA, Ryder N, Cornelisse VJ,Murray S, et al. Australian
sexually transmitted infection (STI) management guidelines for use in primary care
2022 update. Sex Health. (2022). doi: 10.1071/SH22134. [Epub ahead of print].

12. Bowring AL, Gouillou M, Guy R, Kong FYS, Hocking J, Pirotta
M, et al. Missed opportunities—low levels of chlamydia retesting at
Australian general practices, 2008–2009. Sex Transm Infect. (2012)
88:330–4. doi: 10.1136/sextrans-2011-050422

13. Lang AS, Jansen K, Sailer A, Bremer V, Dudareva S. Not again!
Effect of previous test results, age group and reason for testing on (re-)
infection with Chlamydia trachomatis in Germany. BMC Infect Dis. (2018)
18:424. doi: 10.1186/s12879-018-3323-2

14. Khan A, Fortenberry JD, Juliar BE, Tu W, Orr DP, Batteiger BE. The
prevalence of chlamydia, gonorrhea, and trichomonas in sexual partnerships:
implications for partner notification and treatment. Sex Transm Dis. (2005)
32:260–4. doi: 10.1097/01.olq.0000161089.53411.cb

15. Layton E, Goller JL, Coombe J, Temple-Smith M, Tomnay J, Vaisey
A, et al. ’It’s literally giving them a solution in their hands’: the views
of young Australians towards patient-delivered partner therapy for treating
chlamydia. Sex Transm Infect. (2021) 97:256–60. doi: 10.1136/sextrans-2020-0
54820

16. Kissinger P, BrownR, Reed K, Salifou J, Drake A, Farley TA, et al. Effectiveness
of patient delivered partner medication for preventing recurrent Chlamydia
trachomatis. Sex Transm Infect. (1998) 74:331–3. doi: 10.1136/sti.74.5.331

17. Ramstedt K, Forssman L, Johannisson G. Contact tracing in the control
of genital Chlamydia trachomatis infection. Int J STD AIDS. (1991) 2:116–
8. doi: 10.1177/095646249100200208

18. Goller JL, Coombe J, Bourne C, Bateson D, Temple-Smith M, Tomnay J, et al.
Patient-delivered partner therapy for chlamydia in Australia: can it become part of
routine care? Sex Health. (2020) 17:321–9. doi: 10.1071/SH20024

19. Steyerberg EW. Clinical Prediction Models. New York, NY: Springer (2019).

20. Bzdok D, Altman N, Krzywinski M. Statistics versus machine learning. Nat
Methods. (2018) 15:233–4. doi: 10.1038/nmeth.4642

21. Weng SF, Reps J, Kai J, Garibaldi JM, Qureshi N. Can machine-learning
improve cardiovascular risk prediction using routine clinical data? PLoS ONE.
(2017) 12:e0174944. doi: 10.1371/journal.pone.0174944

22.Mullainathan S, Spiess J.Machine learning: an applied econometric approach.
J Econ Perspect. (2017) 31:87–106. doi: 10.1257/jep.31.2.87

23. Elder HR, Gruber S, Willis SJ, Cocoros N, Callahan M, Flagg EW, et al. Can
machine learning help identify patients at risk for recurrent sexually transmitted
infections? Sex TransmDis. (2021) 48:56–62. doi: 10.1097/OLQ.0000000000001264

24. Xu X, Fairley CK, Chow EPF, Lee D, Aung ET, Zhang L, et al.
Using machine learning approaches to predict timely clinic attendance and
the uptake of HIV/STI testing post clinic reminder messages. Sci Rep. (2022)
12:8757. doi: 10.1038/s41598-022-12033-7

25. Bao Y, Medland NA, Fairley CK, Wu J, Shang X, Chow EPF, et al.
Predicting the diagnosis of HIV and sexually transmitted infections among men
who have sex with men using machine learning approaches. J Infect. (2020)
82:48–59. doi: 10.2139/ssrn.3550064

26. Gaydos CA, Wright C, Wood BJ, Waterfield G, Hobson S, Quinn
TC. Chlamydia trachomatis reinfection rates among female adolescents seeking
rescreening in school-based health centers. Sex Transm Dis. (2008) 35:233–
7. doi: 10.1097/OLQ.0b013e31815c11fe

27. Parvandeh S, Yeh HW, Paulus MP, McKinney BA. Consensus
features nested cross-validation. Bioinformatics. (2020) 36:3093–
8. doi: 10.1093/bioinformatics/btaa046

28. Xu X, Ge Z, Chow EP, Yu Z, Lee D, Wu J, et al. A machine-learning-based
risk-prediction tool for HIV and sexually transmitted infections acquisition over
the next 12 months. J Clin Med. (2022) 11:1818. doi: 10.3390/jcm11071818

29. Rose LT, Fischer KW. Garbage in, garbage out: having
useful data is everything. Measur Interdiscipl Res Perspect. (2011)
9:222–6. doi: 10.1080/15366367.2011.632338

30. Ozkan T, Clipper SJ, Piquero AR, Baglivio M, Wolff K. Predicting sexual
recidivism. Sex Abuse. (2020) 32:375–99. doi: 10.1177/1079063219852944

31. Vowels LM, Vowels MJ, Mark KP. Uncovering the most important factors
for predicting sexual desire using explainable machine learning. J Sex Med. (2021)
18:1198–216. doi: 10.1016/j.jsxm.2021.04.010

32. Govindan B, Maduravasagam K. Deploying machine learning to find out
the reasons for not using condom in a questionnaire-based study of 120 patients.
Indian J Sex Transm Dis AIDS. (2018) 39:50–4. doi: 10.4103/ijstd.IJSTD_64_17

33. Wray TB, Luo X, Ke J, Pérez AE, Carr DJ, Monti PM. Using smartphone
survey data and machine learning to identify situational and contextual risk factors
for HIV risk behavior among men who have sex with men who are not on PrEP.
Prev Sci. (2019) 20:904–13. doi: 10.1007/s11121-019-01019-z

34. Pan Y, Liu H, Metsch LR, Feaster DJ. Factors associated with HIV
testing among participants from substance use disorder treatment programs
in the US: a machine learning approach. AIDS Behav. (2017) 21:534–
46. doi: 10.1007/s10461-016-1628-y

35. Whittington WL, Kent C, Kissinger P, Oh MK, Fortenberry JD, Hillis SE,
et al. Determinants of persistent and recurrent Chlamydia trachomatis infection
in young women: results of a multicenter cohort study. Sex Transm Dis. (2001)
28:117–23. doi: 10.1097/00007435-200102000-00011

36. Russell AN, Zheng X, O’Connell CM, Taylor BD, Wiesenfeld HC, Hillier SL,
et al. Analysis of factors driving incident and ascending infection and the role of
serum antibody in chlamydia trachomatis genital tract infection. J Infect Dis. (2016)
213:523–31. doi: 10.1093/infdis/jiv438

37. Visser M, van Aar F, Koedijk FD, Kampman CJ, Heijne J. Repeat
Chlamydia trachomatis testing among heterosexual STI outpatient clinic
visitors in the Netherlands: a longitudinal study. BMC Infect Dis. (2017)
17:782. doi: 10.1186/s12879-017-2871-1

38. Guy R, Wand H, Franklin N, Fairley CK, Chen MY, O’Connor CC, et al. Re-
testing for chlamydia at sexual health services in Australia, 2004–08. Sexual Health.
(2011) 8:242–7. doi: 10.1071/SH10086

39. Wijers J, Dukers-Muijrers N, Hoebe C, Wolffs PFG, van Liere G. The
characteristics of patients frequently tested and repeatedly infected withChlamydia
trachomatis in Southwest Limburg, the Netherlands. BMC Public Health. (2020)
20:1239. doi: 10.1186/s12889-020-09334-9

40. Vajdic CM, Middleton M, Bowden FJ, Fairley CK, Kaldor JM.
The prevalence of genital Chlamydia trachomatis in Australia 19972004:
a systematic review. Sexual Health. (2005) 2:169–83. doi: 10.1071/S
H05018

Frontiers in PublicHealth 15 frontiersin.org

133

https://doi.org/10.3389/fpubh.2022.1031372
https://kirby.unsw.edu.au/report/hiv-viral-hepatitis-and-sexually-transmissible-infections-australia-annual-surveillance
https://kirby.unsw.edu.au/report/hiv-viral-hepatitis-and-sexually-transmissible-infections-australia-annual-surveillance
https://kirby.unsw.edu.au/report/hiv-viral-hepatitis-and-sexually-transmissible-infections-australia-annual-surveillance
https://doi.org/10.2471/BLT.18.228486
https://doi.org/10.1093/infdis/jit094
https://doi.org/10.1097/OLQ.0b013e3181a2a933
https://doi.org/10.1097/AOG.0b013e3182246a83
https://doi.org/10.1097/OLQ.0b013e31817247b2
https://doi.org/10.1371/journal.pone.0037778
https://doi.org/10.1093/aje/kws583
https://doi.org/10.5694/mja2.51749
https://doi.org/10.1071/SH22134
https://doi.org/10.1136/sextrans-2011-050422
https://doi.org/10.1186/s12879-018-3323-2
https://doi.org/10.1097/01.olq.0000161089.53411.cb
https://doi.org/10.1136/sextrans-2020-054820
https://doi.org/10.1136/sti.74.5.331
https://doi.org/10.1177/095646249100200208
https://doi.org/10.1071/SH20024
https://doi.org/10.1038/nmeth.4642
https://doi.org/10.1371/journal.pone.0174944
https://doi.org/10.1257/jep.31.2.87
https://doi.org/10.1097/OLQ.0000000000001264
https://doi.org/10.1038/s41598-022-12033-7
https://doi.org/10.2139/ssrn.3550064
https://doi.org/10.1097/OLQ.0b013e31815c11fe
https://doi.org/10.1093/bioinformatics/btaa046
https://doi.org/10.3390/jcm11071818
https://doi.org/10.1080/15366367.2011.632338
https://doi.org/10.1177/1079063219852944
https://doi.org/10.1016/j.jsxm.2021.04.010
https://doi.org/10.4103/ijstd.IJSTD_64_17
https://doi.org/10.1007/s11121-019-01019-z
https://doi.org/10.1007/s10461-016-1628-y
https://doi.org/10.1097/00007435-200102000-00011
https://doi.org/10.1093/infdis/jiv438
https://doi.org/10.1186/s12879-017-2871-1
https://doi.org/10.1071/SH10086
https://doi.org/10.1186/s12889-020-09334-9
https://doi.org/10.1071/SH05018
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Xu et al. 10.3389/fpubh.2022.1031372

41. Jasumback CL, Perry SH, Ness TE, Matsenjwa M, Masangane ZT, Mavimbela
M, et al. Point-of-care testing to guide treatment and estimate risk factors
for sexually transmitted infections in adolescents and young people with
human immunodeficiency virus in Eswatini. Open Forum Infect Dis. (2020)
7:ofaa052. doi: 10.1093/ofid/ofaa052

42. Allan-Blitz LT, Leon SR, Bristow CC, Konda KA, Vargas SK, Flores JA, et al.
High prevalence of extra-genital chlamydial or gonococcal infections among men
who have sex with men and transgender women in Lima, Peru. Int J STD AIDS.
(2017) 28:138–44. doi: 10.1177/0956462416630909

43. Fairley CK, Sze JK, Vodstrcil LA, Chen MY. Computer-
assisted self interviewing in sexual health clinics. Sex
Transm Dis. (2010) 37:665–8. doi: 10.1097/OLQ.0b013e3181
f7d505

44. Chow EPF, Hocking JS, Ong JJ, Phillips TR, Fairley CK. Sexually
transmitted infection diagnoses and access to a sexual health service
before and after the national lockdown for COVID-19 in Melbourne,
Australia. Open Forum Infect Dis. (2020) 8:ofaa536. doi: 10.1093/ofid/o
faa536

Frontiers in PublicHealth 16 frontiersin.org

134

https://doi.org/10.3389/fpubh.2022.1031372
https://doi.org/10.1093/ofid/ofaa052
https://doi.org/10.1177/0956462416630909
https://doi.org/10.1097/OLQ.0b013e3181f7d505
https://doi.org/10.1093/ofid/ofaa536
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


+41 (0)21 510 17 00 
frontiersin.org/about/contact

Avenue du Tribunal-Fédéral 34
1005 Lausanne, Switzerland
frontiersin.org

Contact us

Frontiers

Explores and addresses today’s fast-moving 

healthcare challenges

One of the most cited journals in its field, which 

promotes discussion around inter-sectoral public 

health challenges spanning health promotion to 

climate change, transportation, environmental 

change and even species diversity.

Discover the latest 
Research Topics

See more 

Frontiers in
Public Health

https://www.frontiersin.org/journals/public-health/research-topics

	Cover
	FRONTIERS EBOOK COPYRIGHT STATEMENT
	Chlamydia trachomatisinfection: Epidemiology,prevention, clinical, andbasic science research
	Table of contents
	Editorial: Chlamydia trachomatis infection: Epidemiology, prevention, clinical, and basic science research
	Author contributions
	Conflict of interest
	Publisher's note
	References

	Evaluating the impact and cost-effectiveness of chlamydia management strategies in Hong Kong: A modeling study
	Introduction
	Methods
	Model structure
	Sexual partnership network construction
	Baseline
	Intervention scenarios
	Universal screening (scenarios A)
	Targeted screening (scenarios B to E)
	Follow-up testing of patients seeking treatment (scenarios B and C)
	Targeting a higher-risk population (scenarios D and E)


	Cost-effectiveness analysis

	Results
	Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References

	Rhein inhibits Chlamydia trachomatis infection by regulating pathogen-host cell
	Introduction
	Materials and methods
	Cell culture and C. trachomatis strains
	Compounds and drugs
	Cytotoxicity assays with rhein
	Immunofluorescent staining
	Confocal microscopy
	Electron microscopy
	Titer of infectious progeny assay
	Direct interaction assay
	Influence-on-cell assay
	Influence-on-adsorption assay
	Western blotting
	Animals
	Drug treatment in vivo
	Statistical analyses

	Results
	Rhein effectively inhibited C. trachomatis replication
	The effect of rhein on C. trachomatis was dose- and time-dependent
	Rhein did not directly inactivate C. trachomatis elementary bodies
	Rhein inhibited C. trachomatis through regulation of host cells
	Rhein and AZM had a synergistic inhibitory effect against C. trachomatis
	Rhein combined with AZM inhibited C. trachomatis infection in mouse models

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References

	Repeat infections with chlamydia in women may be more transcriptionally active with lower responses from some immune genes
	Introduction
	Materials and methods
	Cohort design and analysis
	Gene expression analysis
	Genomic analysis
	Biospecimen handling

	Results
	Chlamydial burden in the absence of in vitro resistance, was associated with repeat infections
	Chlamydial repeat infection isolates do not have genomic resistance or a unique genotype
	Chlamydial genes were more highly expressed in the repeat infection event, and some immune genes were down regulated

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References

	Prevalence of syphilis and chlamydia trachomatis infection among men who have sex with men in Jiangsu province, China: A cross-sectional survey
	Introduction
	Materials and methods
	Study design and participants
	Measures
	Statistical analysis

	Results
	Socio-demographic characteristics of participants
	STI-related behavioral characteristics of participants
	Prevalence of syphilis, CT, and other infectious diseases
	Factors associated with syphilis and CT infection

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References

	Real-life cohort experience after implementing HIV pre-exposure prophylaxis for one year in northwest Spain
	Introduction
	Methods
	Study design
	Sample collection and laboratory tests
	Anal dysplasia surveillance
	Variable definitions
	Statistical analyses
	Ethics

	Results
	Baseline screening
	The safety and effectiveness of pre-exposure prophylaxis
	Risk factors for incident sexually transmitted infections
	Human papillomavirus infection and anal dysplasia

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References

	Distribution of Chlamydia trachomatis ompA genotypes and its association with abnormal cervical cytology among women of reproductive age in Shenzhen, China
	Introduction
	Materials and methods
	Study design
	Positive endocervical swabs samples
	C.trachomatis and neisseria gonorrhoeae DNA test
	C.trachomatis DNA extraction, OmpA PCR amplification, sequencing and genotyping
	HPV DNA testing and genotype
	ThinPrep cytological test (TCT)
	Vaginal cleanliness evaluation
	Gynecological examination
	Statistical analyses
	Ethics statement

	Results
	Population characteristics
	C.trachomatis coinfection with other STIs and Liquid-based cytology test results
	The distribution of C.trachomatis genotypes by cytology status
	Associations between C.trachomatis genotypes and clinical characteristics

	Discussion
	Limitations
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References

	Prevalence of syphilis and chlamydia trachomatis infection among female sex workers in Jiangsu, China: Results from a multicenter cross-sectional and venue-based study
	Introduction
	Methods
	Study design and participants
	Procedures and measures
	Testing
	Statistical analysis

	Results
	Socio–demographic characteristics of FSWs
	STIs–related behavioral characteristics of FSWs
	Testing for HIV and other STIs
	Prevalence of HIV and other STIs
	Factors associated with syphilis and CT infection

	Discussion
	Limitations
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References

	Acceptability of rectal self-sampling in non-clinical venues for chlamydia and gonorrhea testing among men who have sex with men: A cross-sectional study in Shenzhen, China
	Introduction
	Materials and methods
	Study setting and sampling
	Sample size calculation

	Questionnaire
	Specimen collection and laboratory testing
	Statistical analysis

	Results
	Acceptance of rectal self-sampling and baseline characteristics
	CT/NG infections and testing history of participants
	Factors associated with acceptance of CT and NG testing
	Opinions to CT testing and partner notification

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References

	Cluster analysis for symptomatic management of Neisseria gonorrhoea and Chlamydia trachomatis in sexually transmitted infections related clinics in China
	Introduction
	Materials and methods
	Sampling methods and recruitment
	Patients recruitment and management
	Specimen collection and laboratory testing
	Statistical analyses

	Result
	Men
	Cluster analysis in men
	Factors associated with NG/CT infection in men

	Women
	Cluster analysis in women
	Factors associated with NG/CT infection in women


	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References

	High chlamydia infection and its associated factors among patients seeking clinic-based STI services in Southern China: A preliminary cross-sectional study
	Introductions
	Materials
	Study setting and population
	Questionnaire interview and specimen collection
	Laboratory assays
	Statistical analyses
	Patient and public involvement statement

	Results
	Participant characteristics
	Prevalence and associated factors of CT infection

	Discussions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References

	The association between adverse pregnancy outcomes with genital Chlamydia Trachomatis infection among pre-pregnancy couples in Shenzhen, China: A cross-sectional study
	Background
	Method
	Study participants
	Data collection
	Female vagina swab samples test
	Female and male urine samples test
	Statistical analysis

	Results
	Sociodemographic characteristics
	Prevalence of APOs
	Prevalence of GCT and other infections
	Factors correlated with APOs

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References

	Determinants and prediction of Chlamydia trachomatis re-testing and re-infection within 1 year among heterosexuals with chlamydia attending a sexual health clinic
	Background
	Methods
	Predictors
	Outcome
	Analysis
	Ethics approval

	Results
	Characteristics of the study population
	Factors associated with chlamydia re-testing and chlamydia re-infection within 1 year using univariable and multivariable logistic regression analyses
	Prediction of chlamydia re-testing and chlamydia re-infection within 1 year using machine learning approaches

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References

	Back cover



