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Background: Most Chlamydia trachomatis (CT) infections are asymptomatic. The infection can persist and lead to severe sequelae. Therefore, screening for CT can primarily prevent serious sequelae.

Aim: To systematically evaluate CT screening from the perspective of health economics, summarize previous findings from different target populations, and make practical recommendations for developing local CT screening strategies.

Methods: PubMed, Web of Science, Embase, Cochran Library, and National Health Service Economic Evaluation Database (Ovid) were searched from January 1, 2000, to March 4, 2023. Studies reporting the cost-effectiveness, cost-benefit, or cost-utility of CT screening were eligible to be included. A narrative synthesis was used to analyze and report the results following the PRISMA guidelines. The Consensus on Health Economic Criteria (CHEC) list was used to assess the methodological quality of included studies.

Results: Our review finally comprised 39 studies addressing four populations: general sexually active people (n = 25), pregnant women (n = 4), women attending STD and abortion clinics (n = 4), and other high-risk individuals (n = 6). The total number of participants was ~7,991,198. The majority of studies assessed the cost-effectiveness or cost-utility of the screening method. The results showed that the following screening strategies may be cost-effective or cost-saving under certain conditions: performing CT screening in young people aged 15–24 in the general population, military recruits, and high school students; incorporating CT screening into routine antenatal care for pregnant women aged 15–30; opportunistic CT screening for women attending STD and abortion clinics; home-obtained sampling for CT screening using urine specimens or vaginal swab; performing CT screening for 14–30-year-old people who enter correctional institutions (i.e., jail, detention) as soon as possible; providing CT screening for female sex workers (FSWs) based on local incidence and prevalence; adding routine CT screening to HIV treatment using rectal samples from men who have sex with men (MSM).

Conclusion: We found that CT screening in general sexually active people aged 15–24, military recruits, high school students, pregnant women aged 15–30, women attending STD and abortion clinics, people entering jail, detention, FSWs, and MSM has health economic value. Due to the different prevalence of CT, diversities of economic conditions, and varying screening costs among different populations and different countries, regions, or settings, no uniform and standard screening strategies are currently available. Therefore, each country should consider its local condition and the results of health economic evaluations of CT screening programs in that country to develop appropriate CT screening strategies.
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1. Introduction

Chlamydia trachomatis (CT) infection is one of the four most common curable sexually transmitted infections (STIs) (trichomoniasis, chlamydia, gonorrhea, and syphilis) worldwide (1). The global burden of CT remains high (2). Approximately more than 100 million new cases of CT are detected annually. In 2020, ~128 million new cases of CT were reported by World Health Organization (WHO), far more than syphilis cases (82 million) and gonorrhea cases (7 million) (3). Based on the surveillance data of sexually transmitted diseases (STDs) from 2009 to 2016, the average global prevalence of CT was 3.8% in 15–49-year-old women and 2.7% in men (2). The prevalence of Chlamydia infection varies worldwide, with the lowest in South-East Asia (1.5% in women and 1.2% in men) and the highest in American women (7.0%) and African men (4.0%) (4). The economic burden is high according to the estimated cost of CT infection in some countries. The direct lifetime medical cost of CT infection was about 516.7 million USD from 2002 to 2011 in the United States, and it was the most costly non-viral STI (5). In Canada, the total estimated cost of CT infection in people aged 10 to 39 years was over $1.0 billion, or $56.4 million per year from 1991 to 2008 (6).

Chlamydia can be transmitted during vaginal, anal, or oral sex. About 75% of infected women and nearly 50% of infected men have no symptoms (7). However, the infection can persist and lead to severe sequelae. In women, untreated CT infections can progress to pelvic inflammatory disease (PID), leading to chronic pelvic pain (CPP), infertility, or ectopic pregnancy (EP) (8). The newborns can be infected through vertical transmission, causing neonatal conjunctivitis or pneumonia (9, 10). In men, CT infections can cause non-gonococcal urethritis or epididymitis (11). Moreover, CT infection can facilitate HIV transmission and may potentiate the risk of cervical cancer (12, 13). CT infection seriously affects people's health and lives and has become a significant public health problem worldwide. Furthermore, occult symptoms increase the likelihood of transmission. Therefore, early screening to identify cases of CT infection and timely treatment are critical measures to control disease transmission and reduce sequelae.

Currently, many developed countries (i.e., North America, Europe, and Oceania) have explored the strategies of CT screening, but few countries in Asia, such as China, have done the same. Some countries have even published CT screening guidelines (14–17). Herein, both the United States and Australia recommended screening different target populations, such as pregnant women, MSM, and HIV-infected individuals. However, most of these guidelines were developed according to national characteristics and might not be universally applicable. In addition, the specific effects of CT screening strategies on reducing infections and health resource consumption in different countries remain unknown. Therefore, systematic health economic evaluation is essential to comprehensively evaluate the effectiveness of different screening strategies, optimize screening strategies, and ensure rational allocation of limited health resources. Currently, there is only one systematic review related to the health-economic evaluation of CT screening (18). Nevertheless, it did not include the latest original studies published after 2004, and it included non-screening methods like diagnostic and therapeutic methods. Considering the problems mentioned above, a recent and focused systematic review is needed to measure the efficacy of current CT screening methods from an economic evaluation viewpoint. Our research questions were: (1) Is screening cost-effective as an intervention for probable CT infection? (2) Have different screening programs different cost-effectiveness (benefit and utility)? (3) Is CT screening beneficial from the standpoint of health economics to guide health decision-making?

We aimed to summarize the results of health economic evaluation of CT screening in different populations worldwide and provide a reference to develop scientific and appropriate local CT screening strategies.



2. Methods

This systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The PICOS criteria (participants/patients, intervention, comparison, outcomes, and study design) were used to guide the search strategy. Database search, study selection, data extraction, and quality assessment were conducted independently by two investigators (YH and LZ). Disagreements were resolved through discussions and consultation with a senior investigator (DM).


2.1. Search strategy and study selection

A literature search was conducted through five electronic databases, including PubMed, Web of Science, Embase, Cochrane Library, and the National Health Service Economic Evaluation Database. The search results were limited to January 1, 2000, to March 4, 2023.

The PICOS-style search terms were used comprising three main areas: P (Chlamydia trachomatis), I (screening), and S (cost-effectiveness, cost-utility, or cost-benefit). Comprehensive search strategies for each database are provided in Supplementary material. The reference lists of all included articles and relevant reviews were also reviewed for any other papers that might not have been identified in the databases searches.

Retrieved articles were imported into the Endnote X9.1 reference management system, and duplicates were removed. Study selection was initially performed based on titles and abstracts. Then, the full texts of selected articles were studied to determine eligibility.



2.2. Selection criteria

The inclusion criteria were as follows: (1) original studies that performed a cost-effectiveness analysis (CBA), a cost-benefit analysis (CEA), or a cost-utility analysis (CUA) on CT screening; (2) data collection and analysis were based on either an economic model or a trial; (3) the study was published between January 1, 2000 and March 4, 2023; and (4) the full text was accessible and written in English.

The following studies were excluded: (1) studies reporting the evaluations of cost or effectiveness separately; (2) studies focusing on economic evaluation of STD screening or joint screening (i.e., gonorrhea and chlamydia screening), without separately reporting the results of CT screening; or (3) reviews, commentaries, editorial, letters, or reports.



2.3. Data extraction and synthesis

Study information, including authors' names, year of publication, population, age range, sample size, type of economic evaluation, time horizon and discount rate, outcome measures, and main CE results, were extracted into a predefined form. A narrative synthesis was used due to the diversity of studies.



2.4. Quality assessment

The Consensus Health Economic Criteria (CHEC) list was applied to assess the methodological quality of economic evaluations. This CHEC instrument comprises a 19-item list (19) on study design (4 items), time horizon, actual perspective, cost evaluation (5 items), outcome measurements (3 items), discounting, conclusion, generalization, conflict of interest, and ethical issues. As the CHEC list does not specify summary scores, score limits were defined by investigators. Each item was rated with three possible answers: N = no, with no points; U = unclear, with half a point; and Y = yes, with one point. The total score <10, 10–14.5, and > 14.5 indicated low, moderate, and high-quality economic evaluation, respectively (20). The findings of the quality assessment did not determine the inclusion or exclusion of studies.




3. Results


3.1. Study selection

The PRISMA diagram shows the details of the systematic review (see Figure 1). In total, 2103 records were retrieved from databases. After removing 1,061 duplicates, 1,042 records were screened based on titles and abstracts, 76 were eligible for full-text review, and 38 articles were included. One additional record was identified by searching the reference lists. Finally, we included 39 studies in the quality assessment and narrative synthesis.
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FIGURE 1
 PRISMA flow diagram of study selection.




3.2. General characteristics of the included studies

A summary of included studies is presented in Table 1, and their main characteristics are provided in Table 2. Most studies (35 out of 39) were from North America and Europe. Most studies were from the USA (15) and the Netherlands (9). Only one study was from China.


TABLE 1 Summary of included studies.

[image: Table 1]


TABLE 2 Main characteristics of included studies.
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Twenty studies used both primary and secondary data, and 17 studies only used secondary data. The predominant type of economic evaluation was CEA (23 studies), followed by CUA (9 studies). Five studies performed both CEA and CUA. One of the remaining studies used only CBA, and one used CBA and CUA. The main target population was sexually active people (25 out of 39), including men and women. Most studies (35 out of 39) included women, and 18 studies only focused on women. The total number of participants was ~7,991,198. Twenty-seven out of 39 studies applied major outcomes averted (MOAs), such as PID in women, epididymitis in men, or neonatal pneumonia in newborns. Fifteen studies used QALYs as an outcome measure. Only two studies applied other outcome measures, such as net monetary benefit (NMB) or the number of treated CT cases.

Studies were mostly model-based (38 out of 39). Of 38 studies, 14 applied dynamic models, and 24 used static ones. One study was based on a trial. Twenty-eight studies reported a time horizon for screening or model calculation, ranging from 4 months to individuals' lifetime. Except for 3 studies, other studies conducted a sensitivity analysis to assess the impact of uncertainty assumptions on the results, including univariate or multivariate models with different parameters.



3.3. Study findings

Studies were categorized by target populations or settings: general sexually active people (n = 25), pregnant women (n = 4), women attending STD and abortion clinics (n = 4), and other high-risk individuals (n = 6).


3.3.1. General sexually active people

Twenty-five studies focused on general sexually active people, nine only included women, two only included men, and 14 included both men and women.


3.3.1.1. Young people in the general population

Sixteen studies focused on young people in the general population (6, 22–25, 28, 29, 33–36, 38, 40–42, 44), six only focused on women, one only focused on men, and 9 focused on both women and men. Despite the heterogeneity of screening strategies in these studies, nearly all studies (13 of 16) yielded similar results. Selective or universal CT screening for young sexually active adults was cost-effective or cost-saving compared with no screening or other interventions at certain conditions. Two studies on men and women in the Netherlands compared different intervals of CT screening. One study found that screening every 2 years was optimal (ICUR <threshold of €20,000 per QALY) (38). Another study found that repeat rounds of CT screening were more cost-effective than no screening only at a high societal willingness to pay > €50,000 per QALY (42). One female-only study from the USA concluded that annual screening for all women aged 15–29 years followed by semiannual screening for those with a history of infection is the most cost-effective strategy (ICUR <threshold of $50,000 per QALY) (29). One male-only study found that the leukocyte esterase (LE)-ligase chain reaction (LCR) test was the most cost-effective strategy in populations with a prevalence of 5% (28).



3.3.1.2. Military recruits and high school students

Three studies focused on school students (27, 37, 43) and 2 studies focused on military recruits, who are young and sexually active and gather in a crowd (21, 39). Two studies performed CT screening programs in several high schools in the USA and found that school-based screening was cost-effective than non-school-based screening if the student participation rate was higher than a certain level (27, 43). A study from Maryland found that screening female military recruits was cost-saving from both military and civilian perspectives (21). Another study from Maryland showed that both selective screening for male military recruits and universal screening for males incorporating female partner notification (PN) were cost-effective (39).



3.3.1.3. Home-obtained sampling method

Three studies from the Netherlands and Sweden were conducted using mailed home-collected urine samples (26, 30, 31). Two studies with asymptomatic young people found that mailing samples was cost-saving when the detection rate was higher than the break-even rate, and the participation rate was relatively high (26, 30). A pilot study found that collaborating with a pharmacy using mailed samples for CT screening was cost-saving for females who collected their contraceptives at the pharmacy (31). Another study comparing home sampling with office sampling (urine specimens for men and vaginal swabs for women) over 10 years concluded that home sampling was cost-saving in the fourth year (32).




3.3.2. Pregnant women

Two studies from Hungary and America concluded that antenatal CT screening for all pregnant women aged 15–24 years was more cost-effective or net cost-saving compared with no screening if the prevalence was higher than a certain level (45, 48). One study from Australia compared antenatal screening in all 16–25-year-old women at their first antenatal visit with no screening or selective screening (aged 16–19 years and/or sexual partners>1 in the last 12 months) and yielded similar results (46). Another study from the Netherlands found that screening all pregnant women was net-cost saving at a test price of up to €20 (47). In addition, the screening was more cost-saving if screening targeted women below 30 years or with first pregnancies.



3.3.3. Women attending STD and abortion clinics

Two studies were conducted on STD clinics (51, 52), one in an abortion clinic (50), and another in multiple high-risk settings, including abortion clinics (49). These studies yielded quite different results as they used different comparators. One study from the UK compared universal screening with clinic-setting-based selective screening and found that selective screening for all women attending abortion clinics was the most cost-effective (ICER was £433 per MOA) (49). A study from China showed that azithromycin-based prophylaxis for women seeking induced abortions was more cost-effective than universal screening at a test prevalence of 4.8% and saved 18239 RMB per PID cases averted (50). A study from the USA conducted in an STD clinic found that the self-obtained vaginal Aptima Combo 2 (AC2) strategy was the most cost-effective, savings $2384 per PID (51). Another Canadian STD clinic-based study found that adding rectal screening both universally and selectively to urogenital screening would be cost-effective if the CA$50,000 <WTP <CA$100,000 (52).



3.3.4. Other high-risk individuals

Four studies from the USA were conducted in high-risk settings (53–56). Two studies were conducted in jails (54, 55), one in detention (53), and one in 4 different settings, including detention and drug treatment center (56). These studies focused on various aspects of CT screening. One study in jail found that universal screening for CT alone was cost-saving when the prevalence of CT was > 7.7% and the prevalence of Neisseria gonorrhea (NG) was <3.7% among females (54). For males, presumptive treatment was cost-saving when the prevalence of CT was <3.7% and the prevalence of NG was <3.8%. Another study in jail showed that screening males with <30 years was more cost-effective than universal screening, with slightly fewer cases identified at half the cost (55). One study in detention found that universal NAAT screening was more cost-effective than selective LE-positive NAAT screening, saving $24,000 (53). Another study in detention and drug treatment center found that screening males could be a cost-effective alternative to screening females when the prevalence of CT was 86% higher in screened males than that in screened females (56).

One study from Australia focused on FSWs and found that mandatory screening of FSWs every 4 weeks for CT was not cost-effective (ICUR> assumed willingness to pay AU$ 5,000 per QALY) (57). One study conducted in HIV treatment centers in the Netherlands focused on MSM and found that adding annual anorectal CT screening to HIV consultation can be cost-saving if these patients seek little (30%) or no (0%) screening elsewhere (58).



3.3.5. Quality assessments

The CHEC scores of the included studies ranged from 11 to 17, indicating moderate (19 studies) and high quality (20 studies) economic evaluation. The last three items had lower fulfillment rates compared to the other 16 items. Only ten studies discussed the generalizability of the results, and five noted ethical aspects of CT screening. The complete quality assessment of each study is presented in Supplementary material.





4. Discussion

This systematic review identified 39 economic evaluation reports on CT screening addressing different types of target populations. The studies generally applied a cost-effectiveness or (and) cost-utility analysis mainly focusing on young women. Most of these studies (34) found that CT screening for specific populations was cost-effective or cost-saving in certain conditions.


4.1. Young people in the general population

Our findings suggest that CT screening for young women and men is most likely cost-effective or cost-saving.

Young people, especially those aged 15–24, are usually sexually active compared with other age groups (59). Nowadays, aging and infertility are major public health issues, and protecting the fertility of young people has received much attention in many countries. Guidelines from the USA and Canada recommended CT screening for sexually active people younger than 25 years (17, 60). It is well known that serious outcomes associated with CT infection, such as PID, chronic pelvic pain, ectopic pregnancy, and infertility, occur mostly in women. Thus, most studies have focused on women. Men with CT infection often have no apparent symptoms. However, the pathogen can be transmitted from men to women through sexual intercourse. Therefore, CT screening for men also deserves attention. Screening men can also reduce the CT infection rates of women through PN and referral (61). CT infection detection and treatment in men may prevent a large number of adverse outcomes by averting future CT infections in female partners. Therefore, we recommended performing CT screening for young sexually active people aged 15–24 years; however, the age range for screening can be widened or narrowed according to the prevalence of CT infection in different ranges of age.



4.2. Military recruits and high school students

Our findings suggest that conducting CT screening in settings with crowds of young and sexually active people (i.e., schools and the army) may be a cost-effective intervention.

In some countries, most adolescents initiate sexual activity during high school or even middle school. A global survey of 38 countries showed that the prevalence of sexual intercourse among adolescents aged 12–15 was 12.3% (62). In the USA, the proportion of sexual intercourse among all students in grades 9–12 varied from 46.8 to 41.2% from 2005 to 2015 (63). Premature sexual intercourse in adolescence can increase the risk of STIs, and Chlamydia trachomatis is the most common pathogen (64). Therefore, we recommended CT screening in high or middle schools, as it can detect and treat asymptomatic CT infections in adolescents who might not seek screening. However, some students might be worried about stigmatization by their peers, resulting in a low participation rate that can affect the cost-effectiveness of CT screening. Hence, conducting school-based mass screening may improve participation rates. Due to the high rates of related sequelae (i.e., PID and CPP) arising from asymptomatic infection in females and the high cost of treatment, many societies and governmental agencies recommend CT screening among females (65, 66).

Although females play an essential role in the military, males comprise the majority of military recruits in many countries. Male recruits could also represent an ideal population for identifying and interrupting the spread of CT infection. Screening males incorporating female PN would be cost-saving if the savings from averted long-term costs of untreated female infection exceed the sum of the costs of male screening and short-term increased female healthcare usage. Therefore, we recommended CT screening for female recruits or male recruits in combination with female PN in armies.



4.3. Home-obtained sampling method

Our results suggest that home-sampling CT screening via urine specimens or vaginal swabs (only in women) may be cost-saving in high-prevalence areas. This method can improve the screening participation rate and the number of partners tested (67, 68). A noninvasive first-void urine sample or a self-obtained vaginal swab is usually used. Instructions are provided for collecting and storing the specimens before mailing. This simple approach not only promotes acceptability but also protects individuals' privacy. Therefore, we recommended the home-based sampling method for CT screening. Pharmacies can help CT screening without enough number of STD clinics, as it is more challenging to contact high-risk populations in regions with few STD clinics (31).



4.4. Pregnant women

Pregnant women are a specific target group for CT screening. As recommended in several countries, antenatal screening can decrease morbidity among pregnant women and prevent vertical and horizontal transmission. Our study suggests that incorporating CT screening into routine antenatal care for young pregnant women younger than 30 years may be cost-effective or net cost-saving. In addition, treatment for positive patients and PN should be considered to reduce reinfection. However, costs and effects rely on the prevalence of CT, and screening becomes cost-effective or net cost-saving only when prevalence rates are relatively high. Most pregnant women attend an antenatal clinic seeking medical attention for themselves and their fetus, which is a good opportunity to increase the participation rate (90 vs. 37%) (69, 70). Therefore, CT screening can be considered as a part of routine antenatal test based on the prevalence and burden of CT and economic conditions in each region.



4.5. Women attending STD and abortion clinics

Opportunistic CT screening for women attending STD and abortion clinics may be cost-effective if strategies and additional costs are acceptable.

Induced abortion can increase the risk of PID and STD. The most common STD is genital chlamydial infection, which can cause asymptomatic salpingitis and subsequent infertility (71–73). In addition, the surgery might spread infection from the lower genital tract to the upper genital tract. We recommended CT screening to women attending abortion clinics to prevent post-abortion complications. A universal prophylactic treatment with azithromycin could be another option. A study in China found that azithromycin-based prophylaxis was cost-saving compared to universal screening (50). The test prevalence (4.8%) of CT in China was lower than that in other developing countries. The study focused on a low-risk population but assumed a post-abortion PID rate of 63%, which may has been overestimated. Thus, more economic evidence should be provided in future studies to approve or disapprove the use of this preventive measure. STD clinics are commonly recognized as high-risk settings but serve women with diverse needs. Some women request only an STD screening and are otherwise healthy. A non-invasive self-obtained vaginal swab not only respects the desires of many women but also saves the resources of the healthcare systems.

Rectal CT screening was proposed by another study from Canada. Extra-genital sites serve as hidden reservoirs for ongoing transmission of infection (74, 75). Rectal CT infection is common in women and is not necessarily associated with anal intercourse. Two epidemiological studies using rectal CT screening for women with a history of anal intercourse found increased rates of CT cases (9.5 and 23%, respectively) (76, 77). However, a similar study reported a 5.8% incidence of rectal-positive cultures in women with no history of anal intercourse (74). Hence, in favorable economic conditions, we recommended a universal or selective (exposure-based) rectal CT screening in combination with urogenital screening for women attending STD clinics. For urogenital screening, an acceptable self-obtained vaginal swab could be widely used.



4.6. Other high-risk individuals

CT screening for people entering correctional institutions (i.e., jail, detention) may be a cost-effective intervention. The prevalence of STDs, such as Chlamydial infection and gonorrheal infection, is higher among inmates than in the general population (78). Inmates are often at high risk for STDs but have little access to care. Therefore, the following recommendations should be considered. First, screening programs should test and treat inmates as early after intake as possible to ensure the test results are available before release. Second, it is better to use urine specimen, which is easier to obtain compared to cervical or urethral specimen in jails. Third, the screening should focus on inmates aged 14–30 years; however, the age range can be widened or narrowed based on the prevalence of CT in different age ranges. Fourth, if the prevalence of CT in screened males is well higher than that in screened females, screening high-risk men combining with female PN rather than screening female alone. If the prevalence of gonorrhea was higher than Chlamydia, combined screening for Chlamydia and gonorrhea would be a cost-saving choice.

Sex workers are also at high risk of Chlamydia. One study from Australia suggested that CT screening of FSWs every 4 weeks was not necessary. In Australia, sex work is decriminalized, and sex workers must have regular sexual health check-ups for CT and other STDs. Furthermore, sex workers usually use condoms and have a low incidence of STIs. However, in other countries like China, commercial sex is illegal. A meta-analysis reported that the pooled prevalence of CT infection among FSWs was 16.39% (95% CI: 12.78–20.35%) (79). Moreover, a study conducted in eight cities of 4 provinces in China reported that only 52% of FSWs consistently used a condom during the previous month (80). Therefore, we recommended that CT screening should be provided for FSWs based on the local incidence and prevalence of CT.

Data from many countries showed that MSM have a high burden of HIV and other STDs (81). One study suggested that combing once- or twice-yearly CT screening and HIV care may be a cost-saving program in the Netherlands. Unprotected receptive anal intercourse is a common high-risk sex behavior in MSM. A recent study showed that the positive rate of CT in the rectum, oropharynx, and urethra was 8.0, 0.5, and 3.0%, respectively (82). The highest detection rate of Chlamydia was for rectum. CT infection in an HIV-infected person may increase the transmissibility of HIV, and CT infection in an HIV-uninfected person may increase susceptibility to HIV infection. STD screening is separated from HIV care in some countries like the Netherlands. Many asymptomatic CT-infected MSM may seek screening from elsewhere (i.e., general practitioners, dermatologists, and infectious disease specialists) on the first step, referred to as non-routine screening. However, this non-routine screening is more expensive than adding routine screening. Thus, we recommended integrating the anorectal CT screening of MSM with regular HIV consultation. The proportion of MSM seeking non-routine screening should be limited. As NG and CT can be detected with the same NAAT, future studies can combine NG and CT screening.



4.7. Comparison with other studies

We identified only one previous systematic review in this field (18). Roberts et al. reviewed the diagnostic tests, contact tracing, and treatment of CT from a health economic perspective before Aug 2004 (1987–2004). They only included cases with CT and MOAs and did not include QALYs. Furthermore, there was a slight mismatch between the title and the included studies. The title contained only “screening,” but the included studies covered both diagnosis and treatment. Methodological issues seem to persist, partly explained by the lack of enough data for analysis. In summary, our review has increased the outcomes and added QALYs and other indicators. We also updated research progress from 2004 to the present and provided the first narrative by the target population.




5. Strengths and weaknesses

This study is the first systematic review assessing CT screening in different populations from a health economic viewpoint. Our search included articles from January 1, 2000, to Match 4, 2023, presenting up-to-date evidence compared to previous reviews.

Two main methodological issues can threaten the validity of these findings. First, most studies used static models inappropriate for the economic evaluation of CT screening. Second, none of the included studies investigated the uncertainty associated with estimates such as the PID progression probability. Moreover, there was a paucity of data on the economic evaluations of CT screening in developing and undeveloped countries. Therefore, countries with different economic conditions need to be cautious when referring to the findings of this review. Overall, our findings indicated that current evidence has limitations, which may impact its interpretation and use in health policy decision-making. Future studies should address these concerns.



6. Conclusion

Screening CT among general sexually active people, pregnant women, women attending STD and abortion clinics, people entering correctional institutions, FSWs, and MSM may be cost-effective or cost-saving. CT screening should be considered based on local conditions such as CT prevalence, economic conditions, and cost of screening. A consensus suggests conducting CT screening for general sexually active people and pregnant women in lower age groups. In addition, choosing high-risk settings such as abortion clinics and STD clinics would be a good choice for CT screening. Early screening for new inmates entering correctional institutions is highly recommended. FSWs and MSM deserve attention as they are at high risk of STDs. Given the variations in the results of included studies, we could not draw a firm conclusion for each target population. We could only provide some practical recommendations for developing local screening strategies.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

HY and XD participated in the study design and protocol. HY and CL searched the literature, retrieved articles, and drafted the manuscript. HY, CL, and XD screened the articles, extracted the data, and assessed the quality of articles. All authors reviewed the manuscript, figures, and tables.



Funding

This study was supported by the Guangdong Health Care Commission.



Acknowledgments

We thank the reviewers for their valuable suggestions.



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.2023.1212890/full#supplementary-material



References

 1. Organization WH. Global Health Sector Strategies on, Respectively, HIV, Viral Hepatitis and Sexually Transmitted Infections for the Period 2022-2030. Geneva: WHO (2022). 

 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. Bull World Health Organ. (2019) 97:548–62. doi: 10.2471/BLT.18.228486

 3. WHO. Global Progress Report on HIV, Viral Hepatitis and Sexually Transmitted Infections. Geneva: WHO (2021). 

 4. Organization WH. Report on Global Sexually Transmitted Infection Surveillance 2018. Geneva: WHO (2018). 

 5. Owusu-Edusei K, Chesson HW, Gift TL, Tao G, Mahajan R, Ocfemia MC, et al. The estimated direct medical cost of selected sexually transmitted infections in the United States, 2008. Sex Transm Dis. (2013) 40:197–201. doi: 10.1097/OLQ.0b013e318285c6d2

 6. Tuite AR, Jayaraman GC, Allen VG, Fisman DN. Estimation of the burden of disease and costs of genital Chlamydia trachomatis infection in Canada. Sex Transm Dis. (2012) 39:260–7. doi: 10.1097/OLQ.0b013e31824717ae

 7. Chlamydia Trachomatis Infection 2022 Case Definition: Centers for Disease Control Prevention. (2022). Available online at: https://ndc.services.cdc.gov/case-definitions/chlamydia-trachomatis-infection-2022/ (accessed August 5, 2023). 

 8. Haggerty CL, Gottlieb SL, Taylor BD, Low N, Xu F, Ness RB. Risk of sequelae after Chlamydia trachomatis genital infection in women. The J Inf Dis. (2010) 2012:S134–55. doi: 10.1086/652395

 9. Rours IG, Hammerschlag MR, Ott A, De Faber TJ, Verbrugh HA, de Groot R, et al. Chlamydia trachomatis as a cause of neonatal conjunctivitis in Dutch infants. Pediatrics. (2008) 121:e321–6. doi: 10.1542/peds.2007-0153

 10. Martinez MA, Millan F, Gonzalez C. Chlamydia trachomatis genotypes associated with pneumonia in Chilean infants. Scand J Infect Dis. (2009) 41:313–6. doi: 10.1080/00365540902744758

 11. Lee YS, Lee KS. Chlamydia and male lower urinary tract diseases. Korean J Urol. (2013) 54:73–7. doi: 10.4111/kju.2013.54.2.73

 12. Veretennikova A, Chang TL. Chlamydia trachomatis enhances HIV infection of non-activated PBMCs. EC Microbiol. (2022) 18:137.

 13. Zhu H, Shen Z, Luo H, Zhang W, Zhu X. Chlamydia Trachomatis infection-associated risk of cervical cancer: a meta-analysis. Medicine. (2016) 95: e3077. doi: 10.1097/MD.0000000000003077

 14. England PH. National Chlamydia Screening Programme Standards. London: Public Health England. (2018). 

 15. Health ADo. Fourth National Sexually Transmissible Infections Strategy 2018-2022. Canberra: Commonwealth of Australia (2018). 

 16. Public Health Guidance on Chlamydia Control in Europe: European Centre for Disease Prevention Control. (2023). Available online at: https://www.ecdc.europa.eu/en/publications-data/public-health-guidance-chlamydia-control-europe 

 17. Workowski KA, Bachmann LH, Chan PA, Johnston CM, Muzny CA, Park I, et al. Sexually transmitted infections treatment guidelines, 2021. MMWR Recomm Rep. (2021) 70:1–187. doi: 10.15585/mmwr.rr7004a1 

 18. Roberts TE, Robinson S, Barton P, Bryan S, Low N. Screening for Chlamydia trachomatis: a systematic review of the economic evaluations and modelling. Sexually Trans Inf . (2006) 82: 193–200. doi: 10.1136/sti.2005.017517

 19. Evers S, Goossens M, de Vet H, van Tulder M, Ament A. Criteria list for assessment of methodological quality of economic evaluations: consensus on health economic criteria. Int J Technol Assess Health Care. (2005) 21:240–5. doi: 10.1017/S0266462305050324

 20. Deviandri R, van der Veen HC, Lubis AMT, van den Akker-Scheek I, Postma MJ. Cost-effectiveness of ACL treatment is dependent on age and activity level: a systematic review. Knee Surg Sports Traumatol Arthrosc. (2023) 31:530–41. doi: 10.1007/s00167-022-07087-z 

 21. Howell MR, McKee K, Gaydos JC, Quinn TC, Gaydos CA. Point-of-entry screening for C. trachomatis In female army recruits Who derives the cost savings? Am J Prev Med. (2000) 19:160–6. doi: 10.1016/S0749-3797(00)00202-6 

 22. Postma M, Welte R, van den Hoek A, van Doornum G, Mulder-Folkerts D, Coutinho R, et al. Cost-effectiveness of screening asymptomatic women for Chlamydia trachomatis: The importance of reinfection and partner referral. HEPAC. (2000) 1:103–10. doi: 10.1007/s101980070003 

 23. Welte R, Kretzschmar M, Leidl R, Van Den Hoek A, Jager JC, Postma MJ. Cost-effectiveness of screening programs for Chlamydia trachomatis: a population-based dynamic approach. Sex Transm Dis. (2000) 27:518–29. doi: 10.1097/00007435-200010000-00005

 24. Goeree R, Jang D, Blackhouse G, Chong S, Mahony J, Sellors J, et al. Cost-effectiveness of screening swab or urine specimens for Chlamydia trachomatis from young canadian women in Ontario. Sexually Trans Dis. (2001) 28: 701–9. doi: 10.1097/00007435-200112000-00007

 25. Nyári T, Nyári C, Woodward M, Mészáros G, Deák J, Nagy E, et al. Screening for Chlamydia trachomatis in asymptomatic women in hungary: an epidemiological and cost-effectiveness analysis. Acta Obstet Gynecol Scand. (2001) 80:300–6. doi: 10.1034/j.1600-0412.2001.080004300.x

 26. Van Valkengoed IGM, Postma MJ, Morré SA, Van den Brule AJC, Meijer CJLM, Bouter LM, et al. Cost effectiveness analysis of a population based screening programme for asymptomatic Chlamydia trachomatis infections in women by means of home obtained urine specimens. Sex Transm Infect. (2001) 77:276–82. doi: 10.1136/sti.77.4.276

 27. Wang LY, Burstein GR, Cohen DA. An economic evaluation of a school-based sexually transmitted disease screening program. Sexually Trans Dis. (2002) 29: 737–45. doi: 10.1097/00007435-200212000-00001

 28. Ginocchio RH, Veenstra DL, Connell FA, Marrazzo JM. The clinical and economic consequences of screening young men for genital chlamydial infection. Sex Transm Dis. (2003) 30:99–106. doi: 10.1097/00007435-200302000-00001

 29. Hu D, Hook EW 3rd, Goldie SJ. Screening for Chlamydia trachomatis in women 15 to 29 years of age: a cost-effectiveness analysis. Annal Int Med. (2004) 141:501–13. doi: 10.7326/0003-4819-141-7-200410050-00006

 30. Novak DP, Lindholm L, Jonsson M, Karlsson RB, A. Swedish cost-effectiveness analysis of community-based Chlamydia trachomatis PCR testing of postal urine specimens obtained at home. Scand J Public Health. (2004) 32:324–32. doi: 10.1080/14034940410026282

 31. Van Bergen JEAM, Postma MJ, Peerbooms PGH, Spangenberg AC, Tjen-A-Tak J, Bindels PJE. Effectiveness and cost-effectiveness of a pharmacy-based screening programme for Chlamydia trachomatis in a high-risk health centre population in Amsterdam using mailed home-collected urine samples. Int J STD AIDS. (2004) 15: 797–802. doi: 10.1258/0956462042563765

 32. Andersen B, Gundgaard J, Kretzschmar M, Olsen J, Welte R, Oster-Gaard L. Prediction of costs, effectiveness, and disease control of a population-based program using home sampling for diagnosis of urogenital Chlamydia trachomatis Infections. Sex Transm Dis. (2006) 33:407–15. doi: 10.1097/01.olq.0000200609.77577.3f

 33. de Vries R, van Bergen JE. de Jong-van den Berg LT, Postma MJ, Group P-CS. Systematic screening for Chlamydia trachomatis: estimating cost-effectiveness using dynamic modeling and Dutch data Value in health. J Int Soc Pharmacoecon Outcomes Res. (2006) 9:1–11. doi: 10.1111/j.1524-4733.2006.00075.x

 34. Walleser S, Salkeld G, Donovan B. The cost effectiveness of screening for genital Chlamydia trachomatis infection in Australia. Sex Health. (2006) 3:225–34. doi: 10.1071/SH06016

 35. Adams EJ, Turner KME, Edmunds WJ. The cost effectiveness of opportunistic chlamydia screening in England. Sex Transm Infect. (2007) 83:267–74. doi: 10.1136/sti.2006.024364

 36. Roberts TE, Robinson S, Barton PM, Bryan S, McCarthy A, Macleod J, et al. Cost effectiveness of home based population screening for Chlamydia trachomatis in the UK: Economic evaluation of chlamydia screening studies (ClaSS) project. Br Med J. (2007) 335:291–4. doi: 10.1136/bmj.39262.683345.AE

 37. Blake DR, Quinn TC, Gaydos CA. Should asymptomatic men be included in chlamydia screening programs? Cost-effectiveness of chlamydia screening among male and female entrants to a national job training program. Sexually Trans Dis. (2008) 35:91–101. doi: 10.1097/OLQ.0b013e31814b86f5

 38. De Vries R, Van Bergen JEAM, De Jong-Van Den Berg LTW, Postma MJ. Cost-utility of repeated screening for chlamydia trachomatis. Value Health. (2008) 11:272–4. doi: 10.1111/j.1524-4733.2007.00225.x

 39. Nevin RL, Shuping EE, Frick KD, Gaydos JC, Gaydos CA. Cost and effectiveness of chlamydia screening among male military recruits: Markov modeling of complications averted through notification of prior female partners. Sex Transm Dis. (2008) 35:705–13. doi: 10.1097/OLQ.0b013e31816d1f55

 40. Huang W, Gaydos CA, Barnes MR, Jett-Goheen M, Blake DR. Cost-effectiveness analysis of Chlamydia trachomatis screening via internet-based self-collected swabs compared with clinic-based sample collection. Sex Transm Dis. (2011) 38:815–20. doi: 10.1097/OLQ.0b013e31821b0f50

 41. Gillespie P, O'Neill C, Adams E, Turner K, O'Donovan D, Brugha R, et al. The cost and cost-effectiveness of opportunistic screening for Chlamydia trachomatis in Ireland. Sex Transm Infect. (2012) 88:222–8. doi: 10.1136/sextrans-2011-050067

 42. de Wit GA, Over EA, Schmid BV, van Bergen JE, van den Broek IV, van der Sande MA, et al. Chlamydia screening is not cost-effective at low participation rates: evidence from a repeated register-based implementation study in the Netherlands. Sex Transm Infect. (2015) 91:423–9. doi: 10.1136/sextrans-2014-051677

 43. Wang LY, Owusu-Edusei K, Parker JT, Wilson K. Cost-Effectiveness of a school-based chlamydia screening program, duval County, FL. J Sch Nurs. (2021) 37:195–201. doi: 10.1177/1059840519890026

 44. Stoecker C, Monnette A, Qu ZL, Schmidt N, Craig-Kuhn MC, Kissinger PJ. Cost-effectiveness of check it: a novel community-based chlamydia screening and expedited treatment program for young black men. Clin Infect Dis. (2022) 74: 2166–72. doi: 10.1093/cid/ciab818

 45. Nyári T, Woodward M, Kovács LA. Should all sexually active young women in Hungary be screened for Chlamydia trachomatis? Eur J Obstet Gynecol Reprod Biol. (2003) 106:55–9. doi: 10.1016/S0301-2115(02)00222-1

 46. Ong JJ, Chen M, Hocking J, Fairley CK, Carter R, Bulfone L, et al. Chlamydia screening for pregnant women aged 16-25 years attending an antenatal service: a cost-effectiveness study. BJOG. (2015) 123:1194–202. doi: 10.1111/1471-0528.13567

 47. Rours G, Smith-Norowitz TA, Ditkowsky J, Hammerschlag MR, Verkooyen RP, de Groot R, et al. Cost-effectiveness analysis of Chlamydia trachomatis screening in Dutch pregnant women. Pathog Glob Health. (2015) 110:292–302. doi: 10.1080/20477724.2016.1258162

 48. Ditkowsky J, Shah KH, Hammerschlag MR, Kohlhoff S, Smith-Norowitz TA. Cost-benefit analysis of Chlamydia trachomatis screening in pregnant women in a high burden setting in the United States. BMC Infect Dis. (2017) 17:1–15. doi: 10.1186/s12879-017-2248-5

 49. Norman JE, Wu O, Twaddle S, Macmillan S, McMillan L, Templeton A, et al. An evaluation of economics and acceptability of screening for Chlamydia trachomatis infection, in women attending antenatal, abortion, colposcopy and family planning clinics in Scotland, UK. BJOG Int J Obstetr Gynaecol. (2004) 111: 1261–8. doi: 10.1111/j.1471-0528.2004.00324.x

 50. Chen SM Li JH, Van den Hoek A. Universal screening or prophylactic treatment for Chlamydia trachomatis infection among women seeking induced abortions: Which strategy is more cost-effective? Sex Transm Dis. (2007) 34:230–6. doi: 10.1097/01.olq.0000233739.22747.12

 51. Blake DR, Maldeis N, Barnes MR, Hardick A, Quinn TC, Gaydos CA. Cost-effectiveness of screening strategies for chlamydia trachomatis using cervical swabs, urine, and self-obtained vaginal swabs in a sexually transmitted disease clinic setting. Sex Transm Dis. (2008) 35:649–55. doi: 10.1097/OLQ.0b013e31816ddb9a

 52. Thanh NX, Akpinar I, Gratrix J, Plitt S, Smyczek P, Read R, et al. Benefit of adjunct universal rectal screening for Chlamydia genital infections in women attending Canadian sexually transmitted infection clinics. Int J STD AIDS. (2017) 28: 1311–24. doi: 10.1177/0956462417704344

 53. Blake DR, Gaydos CA, Quinn TC. Cost-effectiveness analysis of screening adolescent males for Chlamydia on admission to detention. Sex Transm Dis. (2004) 31:85–95. doi: 10.1097/01.OLQ.0000109517.07062.FC

 54. Kraut-Becher JR, Gift TL, Haddix AC, Irwin KL, Greifinger RB. Cost-effectiveness of universal screening for chlamydia and gonorrhea in US jails. J Urb Health. (2004) 81:453–71. doi: 10.1093/jurban/jth130

 55. Gift TL, Lincoln T, Tuthill R, Whelan M, Briggs LP, Conklin T, et al. A cost-effectiveness evaluation of a jail-based chlamydia screening program for men and its impact on their partners in the community. Sexually Trans Dis. (2006) 33:S103–10. doi: 10.1097/01.olq.0000235169.45680.7c

 56. Gift TL, Gaydos CA, Kent CK, Marrazzo JM, Rietmeijer CA, Schillinger JA, et al. The program cost and cost-effectiveness of screening men for Chlamydia to prevent pelvic inflammatory disease in women. Sexually Trans Dis. (2008) 35: S66–75. doi: 10.1097/OLQ.0b013e31818b64ac

 57. Wilson DP, Heymer KJ, Anderson J, O'Connor J, Harcourt C, Donovan B. Sex workers can be screened too often: a cost-effectiveness analysis in Victoria, Australia. Sex Transm Infect. (2010) 86:117–25. doi: 10.1136/sti.2009.036673

 58. Vriend HJ, Lugnér AK, Xiridou M, Van Der Loeff MFS, Prins M, De Vries HJC, et al. Sexually transmitted infections screening at HIV treatment centers for MSM can be cost-effective. AIDS. (2013) 27: 2281–90. doi: 10.1097/QAD.0b013e32836281ee

 59. Da Ros CT, Schmitt Cda S. Global epidemiology of Sexually Trans Dis. Asian J Androl. (2008) 10:110–4. doi: 10.1111/j.1745-7262.2008.00367.x 

 60. Chlamydia LGV Guide. Key Information and Resources: Government of Canada. (2022). Available online at: https://www.canada.ca/en/public-health/services/infectious-diseases/sexual-health-sexually-transmitted-infections/canadian-guidelines/chlamydia-lgv.html (accessed August 22, 2023). 

 61. Qu Z, Azizi A, Schmidt N, Craig-Kuhn MC, Stoecker C, Hyman JM, et al. Effect of screening young men for Chlamydia trachomatis on the rates among women: a network modelling study for high-prevalence communities. BMJ Open. (2021) 11:e040789. doi: 10.1136/bmjopen-2020-040789

 62. Smith L, Jackson SE, Vancampfort D, Jacob L, Firth J, Grabovac I, et al. Sexual behavior and suicide attempts among adolescents aged 12-15 years from 38 countries: a global perspective. Psychiatry Res. (2020) 287:112564. doi: 10.1016/j.psychres.2019.112564

 63. Ethier KA, Kann L, McManus T. Sexual intercourse among high school students - 29 states and united states overall, 2005-2015. MMWR. (2018) 66: 1393–7. doi: 10.15585/mmwr.mm665152a1

 64. Heywood W, Patrick K, Smith AM, Pitts MK. Associations between early first sexual intercourse and later sexual and reproductive outcomes: a systematic review of population-based data. Arch Sex Behav. (2015) 44:531–69. doi: 10.1007/s10508-014-0374-3

 65. Screening for chlamydial infection: recommendations and rationale. American journal of preventive medicine. (2001) 20: 90–4. doi: 10.1016/S0749-3797(01)00253-7 

 66. Screening for chlamydial infection: U.S. Preventive Services Task Force recommendation statement. Annal Int Med. (2007) 147: 128–4. doi: 10.7326/0003-4819-147-2-200707170-00172 

 67. Østergaard L, Andersen B, Møller JK, Olesen F, Worm AM. Managing partners of people diagnosed with Chlamydia trachomatis: a comparison of two partner testing methods. Sex Transm Infect. (2003) 79:358–61. doi: 10.1136/sti.79.5.358

 68. Andersen B, Olesen F, Møller JK, Østergaard L. Population-based strategies for outreach screening of urogenital Chlamydia trachomatis infections: a randomized, controlled trial. J Infect Dis. (2002) 185:252–8. doi: 10.1086/338268

 69. Rours GI, Duijts L, Moll HA, Arends LR, de Groot R, Jaddoe VW, et al. Chlamydia trachomatis infection during pregnancy associated with preterm delivery: a population-based prospective cohort study. Eur J Epidemiol. (2011) 26:493–502. doi: 10.1007/s10654-011-9586-1

 70. van Bergen J, Götz HM, Richardus JH, Hoebe CJ, Broer J, Coenen AJ. Prevalence of urogenital Chlamydia trachomatis increases significantly with level of urbanisation and suggests targeted screening approaches: results from the first national population based study in the Netherlands. Sex Transm Infect. (2005) 81:17–23. doi: 10.1136/sti.2004.010173

 71. Hellberg D, Mogilevkina I, Mårdh PA. Sexually transmitted diseases and gynecologic symptoms and signs in women with a history of induced abortion. Sex Transm Dis. (1999) 26:197–200. doi: 10.1097/00007435-199904000-00002

 72. Carlsson I, Breding K, Larsson PG. Complications related to induced abortion: a combined retrospective and longitudinal follow-up study. BMC Women's Health. (2018) 18:158. doi: 10.1186/s12905-018-0645-6

 73. Bridwell RE, Long B, Montrief T, Gottlieb M. Post-abortion complications: a narrative review for emergency clinicians. West J Emerg Med. (2022) 23:919–25. doi: 10.5811/westjem.2022.8.57929

 74. Rank RG, Yeruva L. An alternative scenario to explain rectal positivity in Chlamydia-infected individuals. Clin Inf Dis Off Pub Inf Dis Soc Am. (2015) 60: 1585–6. doi: 10.1093/cid/civ079

 75. Gratrix J, Singh AE, Bergman J, Egan C, Plitt SS, McGinnis J, et al. Evidence for increased Chlamydia case finding after the introduction of rectal screening among women attending 2 Canadian sexually transmitted infection clinics. Clin Infect Dis. (2015) 60:398–404. doi: 10.1093/cid/ciu831

 76. Javanbakht M, Gorbach P, Stirland A, Chien M, Kerndt P, Guerry S. Prevalence and correlates of rectal Chlamydia and gonorrhea among female clients at sexually transmitted disease clinics. Sexually Trans Dis. (2012) 39: 917–22. doi: 10.1097/OLQ.0b013e31826ae9a2

 77. Peters RP, Nijsten N, Mutsaers J, Jansen CL, Morré SA, van Leeuwen AP. Screening of oropharynx and anorectum increases prevalence of Chlamydia trachomatis and Neisseria gonorrhoeae infection in female STD clinic visitors. Sex Transm Dis. (2011) 38:783–7. doi: 10.1097/OLQ.0b013e31821890e9

 78. 2018 STD Surveillance Report: Centers for Disease Control Prevention. (2023). Available online at: https://www.cdc.gov/nchhstp/newsroom/2019/2018-std-surveillance-report.html 

 79. Qiu XL, Li J, Men PX, Wang J, Gong XD. Prevalence of chlamydia trachomatis infection among female sex workers in China: a meta-analysis. Clin J AIDS STD. (2017) 23:31821. doi: 10.13419/j.cnki.aids.2017.04.13 

 80. Chen XS, Yin YP, Liang GJ, Wang QQ, Jiang N, Liu Q, et al. The prevalences of Neisseria gonorrhoeae and Chlamydia trachomatis infections among female sex workers in China. BMC Public Health. (2013) 13:121. doi: 10.1186/1471-2458-13-121

 81. Blondeel K, Say L, Chou D, Toskin I, Khosla R, Scolaro E, et al. Evidence and knowledge gaps on the disease burden in sexual and gender minorities: a review of systematic reviews. Int J Equity Health. (2016) 15:16. doi: 10.1186/s12939-016-0304-1

 82. Hoornenborg E, Coyer L, Achterbergh RCA, Matser A. Schim van der Loeff MF, Boyd A, et al. Sexual behaviour and incidence of HIV and sexually transmitted infections among men who have sex with men using daily and event-driven pre-exposure prophylaxis in AMPrEP: 2 year results from a demonstration study. The Lancet HIV. (2019) 6:e447–e55. doi: 10.1016/S2352-3018(19)30136-5 



OPS/images/fpubh-11-1212890-t002.jpg
Year of Population Age Type of Currency Time Sensitivity Outcome Evaluation Screening was
publication range, economic (year) horizon  analysis measures indicators found to be
years evaluation and (= cost-effective

discount done, x (v =yes, v/
rate = not x*, X = no)
done)

Sexually active people

Howell 2000 Army female <25 >18,000 CEA USD (1999) 5 years; 3% v MOA ICER Military perspective: v
etal. (21) recruits costs cost-saving for female
recruits aged <25;
Civilian perspective:
cost-saving for all
female recruits.

Postma 2000 Asymptomatic 15-34 100 CEA USD (1999) NS;3% costs | v MOA CER Cost-saving for Vix
etal. (22) female female aged 15-19 (at
ligase chain reaction
test costs of US$ 17);
cost- saving for
female aged 15-29
(the test cost is lower
and the sensitivity is
raised).

Welte et al. 2000 Sexually active 15-24 10,000 (1:1) CEA USD (1997) 42 years v MOA CER US$492 or US$1,086 v
(23) ‘male and female 3% costs and (cost-saving)/ MOA
3% effects during the first 10
years.

Goeree 2001 Young female 15-24 NS CEA CAD (1999) 10 years; NS v MOA ICER ICER = $1,873/CT v
etal. (24) case averted for
high-risk
symptomatic female
(swab-based
screening and
treatment vs.
swab-based
diagnostic testing).

Nyiri etal. 2001 Asymptomatic <20 1,300 CEA USD (NS) NS; NS v CT cases ICER Cost-effective for ViIx
(25) female prevented CER female age < 20 if the
infection, PID, tubal
infertility rate
exceeded 16.7%, 24%,
25%, respectively
(Amplified
Gen-Probe assays
with PN vs. ELISA
‘method).

Van 2001 Asymptomatic 15-40 5,541 CEA USD (1999) NS;3% costs | v QALY CER Net cost VIx
Valkengoed female $15,800/MOA for
etal. (26) female aged 15-40 at
a prevalence of 2.9%
cost-saving at a rate
of 41.8%.

Wang etal. 2002 High school NS§ Female:1,402 | CEA USD (1997) N§; NS v MOA ICER ICER = $1,524/PID v
©7) adolescents Male: 1,251 averted (school-based
(male and vs. non-school
female) based).

Ginocchio | 2003 Asymptomatic NS 100,000 CEA USD (2000) PID (1year) | v/ MOA ICER Cost-effective for vIx
etal. (26) young male infertility LE-LCR (prevalence:
(10 years) 5%); cost-effective for
EPand CPP LCR (LCR cost<$18
(5 years) or prevalence: 49%).
3% costs and
3%
outcomes

Huetal. 2004 Sexually active 15-29 100,000 CEA/CUA USD (2000) Lifetime; v QALY ICER ICUR = §7,490 (< v
(29) female discounting MOA ICUR threshold

applied, $50000)/QALY for
rates NS, female aged 15-29
(semiannual
screening for those
with a history of
infection).

Novaketal. | 2004 Asymptomatic 20-24 200(1:1) | CEA USD (2001) N§; NS v MOA ICER Cost -effective for Vix
(30) young male and asymptomatic young
female population
(prevalence:
female>5.1%,
male>12.3%;
participation rate:
55%).

Van Bergen | 2004 High risk young 15-29 446 CEA EUR (2001) 2 years; 4% x MOA CER Pharmacy-based VIx
etal. (31) female costs and 4% screening using
effects ‘mailed samples:
cost-saving for
female aged 15-29 at
a high PID-risks
(40%); cost-saving for
female aged 15-24 at
PID-risk (20%)
(lower laboratory
evaluation costs).

Andersen 2006 Young male 15-24 10,000 (1:1) CEA USD (2002) 10 years; v MOA ICER ICER = $3186/MOA v
etal. (32) and female 3% costs and (home-sampling vs.
3% effects in-office) in the first
year; cost-saving to

society in the fourth
year.

de Vries 2006 Young male 15-29 21,000 CEA EUR (2002) 10 years; 4% v MOA CER Net cost €373 X
etal. (33) and female costs and 4% (€274)/MOA (PID)
effects averted for male and
female aged 15-29;
partner treatment
and reminder could
improve the
cost-effectiveness.

Walleser 2006 Young female <25 NS CUA AUD (NS) 25 years; 5% v QALY ICUR ICUR = v
etal. (34) consulting a costs and 5% AU$2,968/QALY for
general effects female aged < 25
practitioner (annual
opportunistic
screening vs. no
screening).

Adams 2007 Heterosexual 16-44 40,000 (1:1) CEA/CUA GBP (2004) 10 years; v QALY ICER CER Annual screening: Vix
etal. (35) male and female 3.5% costs MOA ICUR CUR ICUR < accepted

and 3.5% threshold £20,

effects 000-£30, 000 for male
and female aged < 20
(PID regression
>10%).

Roberts 2007 Young male 16-24 50,000 CEA GBP (2005) Syears;35% | v MOA ICER ICER = £28, 900 x
etal. (36) and female costs and (£22,300)/MOA for
3.5% effects female and male
(only female)
(proactive screening
vs. no organized
screening).

Blake et al. 2008 Female and 16-24 4,000 (1:1) CEA USD (2005) 10 years; 3% v MOA ICER Cost-effective and v
37) ‘male job costs cost-saving for male
training individually and in
students combination
(universal ECS
NAAT, universal
urine NAAT).

De Vries 2008 Young male 15-29 100,000 CUA EUR (2002) 0years; 4% | x QALY ICUR ICUR< informal v
etal. (35) and female (1:1) costsand 4% threshold

effects €20,000/QALY
(screening every 2
years).

Nevinetal. | 2008 Male military <24 NS CEA USD (2005) 10years; 3% | v MOA ICER Cost-effective for v
(39) recruits costs male recruits:
selective (ICER =
$3,700/PID averted)
and universal (ICER
= $8,200/PID
averted) screening
with female PN.

Huang 2011 Sexually active NS$ 10, 000 CEA USD (2010) NS; 3% costs v MOA ICER ICER = $1,155/PID v
etal. (40) young female and 3% averted

effects. (internet-based, self-
swab screening vs.
traditional,
clinic-based
screening).

Gillespie 2012 Young male 18-29 40,000 (1:1) CEA/CUA EUR (2008) 10 years; v QALY ICER ICUR ICER = € 94,717 X
etal. (41) and female 3.5% costs MOA (>threshold €
and 3.5% 45,000/ QALY
effects (opportunistic
screening vs. no
screening).

Tuiteetal. | 2012 Risk age groups 10-39 NS CUA CAD(1999) | 10years3% | v QALY ICUR ICUR = $2,910 v
() of male and costs and 3% (<Canadss per
female with effects capita GDP/ QALY of
relatively high $39,400) for

CT incidence asymptomatic male
and female

(enhanced screening
vs. no change of
screening).

deWitetal. | 2015 Young male 16-29 NS CEA/CUA EUR (NS) 0years; 4% | v QALY ICER ICUR Costeeffective onlyat | v/x
(42) and female costs and MOA a high levels

1.5% effects willingness to pay for
> €50,000/QALY
andat a high
participation
(repeated round of
screening vs.no
screening).

Wang etal. 2021 High school NS$ NS CUA USD (2016) 20 years; 3% v QALY CUR Cost-effective if the VIx
(43) students (male costs and 3% participation rate was
and female) effects improved from 3% to
7%

cost/QALY <$50,000
(participation rate
>7%).

Stoecker 2022 Black, sexually 15-24 Female: 13,419 CUA USD (2018) 1 year; 3% v QALY CUR CUR = $5,468 (<a v
etal. (44) active male and Male: 16,181 effects standard threshold
female $50000)/QALY (the
check it program).

Pregnant women

Nyari etal. 2003 Pregnant 15-24 790, 000 CEA USD (NS) 1.5 years; NS v CT cases ICER Cost-effective if the VIx
(45) ‘women prevented diagnostic test cost <
US$10, infection
rate>8.3% or the the
probability of tubal
infertility>20%
(screening vs. neither
testing nor treating).

Ong etal. 2015 Pregnant 16-25 NS CUA AUD (2014) lyear; NS v QALY ICUR Cost-effective for 253
(46) ‘women pregnant women
aged 16-25 during
one antenatal visit if
prevalence >5%
(screening all vs.
selectively screening).

Rours etal. 2015 Pregnant NS 4,055 CUA EUR (NS) NS; v QALY CUR Net cost-saving for all VIx
(47) women 4% partial MOA pregnant women
costs and (test price<€20);
1.5% effects more cost-saving for
women aged <30 or
with first pregnancies
(sntenatal CT
screening).

Ditkowsky 2017 Pregnant 15-24 6, 446, 686 CBA USD (2015) 1 year; NS v CT cases Net Net cost-saving when VIx
etal. (48) women treated cost-saving prevalence>16.9%,
WTP = 0 (prenatal
screening vs. no
screening).

Women attending clinics

Norman 2004 Women Reproductive 3,750 CEA GBP (2001) NS; v MOA ICER ICER = £258 (£433)/ v
etal. (49) attending age 5% costs and MOA for women
abortion, family 3% effects under 20 years (all
planning patients attending
clinics, etc. abortion clinics).

Chenetal. | 2007 Women secking NS 2,020 CEA RMB(2002) | NS;3%costs | v MOA ICER Cost-saving 18,239 v
(50) induced RMB/ PID averted
abortions (azithromycin-based
prophylaxis vs.
universal screening).

Blakeetal. | 2008 Women NS 10,000 CEA USD (2006) 10years; 3% | v MOA ICER Cost-saving v
G attending STD costs $2,384/PID averted
dlinics (self -obtained
vaginal AC2
strategy).

Thanhetal. | 2017 Women NS 60,000 CUA CAD (2016) 10 years v QALY ICUR Cost-effective if the Vix
(52) attending STI 3% costs and CA$50,000 < WTP
clinics 3% effects CA$100,000 (ICUR
= CA$34,000,
CA$49,000/QALY)
(UG+SR, UG+UR
vs. UG-only).

Other high-risk individuals

Blake et al. 2004 Adolescent 14-18 594 CEA USD (2002) 10 years; 3% v MOA ICER Cost saving $24,000 v
(53) males costs with 37 more PID
and 3 more
epididymitis averted
(universal NAAT
screening vs. selective
IE screcning).

Kraut- 2004 Young male NS 20,000 (1:1) CEA USD (2002) NS; 3% costs v MOA ICER Female: cost-saving if 253
Becher and female CT rate>7.7%, NG
etal. (54) rate<3.7% (separate
CT screening); Male:
cost-saving if CT
rate<3.3%; NG rate
< 3.8% (presumptive
treatment).

Gift etal. 2006 Young male Average 30 1,000 CEA USD (2001) 4 months; v MOA ICER Age-based screening | v
(55) 3% costs of male <30 years old
would have identified
slightly fewer cases
(47.7 vs. 49.9) at half
cost ($13650 vs.
$27060) of universal
screening.

Gift et al. 2008 Young male 15-24 100, 000 CEA/CUA USD (2006) 5 years; 3% v QALY ICER Screening male could ViIx
(56) and female (1:1) costs and 3% MOA ICUR be a cost-effective
effects alternative to
screening female
when the prevalence
in screened male was
86% higher than that
of screened female.

‘Wilson 2010 Female sex NS 2,000 CUA/CBA AUD (NS) NS; 3% costs x QALY NMB CUR ICUR = AU$600,000 x
etal. (57) workers and 3% (>assumed

effects willingness to pay
AU$5,000)/QALY;
NM - AU$L5
million/year
(mandatory
screening of FSWs at
every 4 weeks).

Vriend 2013 MSM in care at NS 8,253 CUA EUR (NS) 20 years; 4% v QALY ICUR Adding routine 253
etal. (58) HIV treatment costs and screening was
centers 1.5% effects cost-saving if these
patients seek little
(30%) or no (0%)
non-routine
screening elsewhere.

*VIx = to some extent completed (under certain assumptions and conditions, the intervention was found to be cost-effective). NS, not stated; CEA, cost-effectiveness analysis; CBA, cost-benefit analysis; CUA, cost-utility analysis; QALY, quality adjusted life year;
MOA, major outcome averted; CER, cost-cffectiveness ratio; ICER, incremental cost-effectiveness ratio; NMB, net monetary benefit; WTP, willingness-to-pay; PN, partner notification; PID, pelvic inflammatory disease; CPP, chronic pelvic pain; EP, ectopic pregnancy;
ECS, endocervical; Teen HC, Teen Health Centers; ELISA, enzyme-linked immunosorbent assay; DIE, direct immunofluorescence assay; PCR, polymerase chain reaction; NAAT, nucleic acid amplification test; LE, leukocyte esterase; LCR, ligase chain reaction;
LE-LCR, testing with a LE strip test of urine, followed by confirmatory LCR; In-office screening, an opportunistic screening in doctors’ office; The Check It program, a bundled seek; test; and treat chlamydia prevention program for young Black men; MSM, men who
have sex with men; AC2, the Aptima Combo 2 test is among a new generation of tests that use nucleic acid amplification and is FDA-cleared for use on endocervical; urine; and vaginal specimens; STI, Sexually transmitted infection; UG, universal urogenital; UR,
universal rectal; SR, selected (exposure-based) rectal; USD, United State Dollar; EUR, Euro; GBP, pound sterling (Great Britain Pound); AUD, Australian dollars; CAD, Canadian dollars.
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Population Countries Number of Total sample Study design Data sources  Perspective

studies size* for costs and
comes
Sexually active 9USA,2UK, 7 25 542,840 10 Dynamic model, 14 2 Primary, 14 11 Healthcare, 10
people Netherlands, 2 Canada, 1 Static model, 1 Trial Secondary, 9 Societal, 1
Hungary, 1 Sweden, 1 (Primary and Government, 1
Denmark, 1 Australia, 1 Secondary) Military and
Ireland civilian, 2 not
reported
Pregnant women 1 Hungary, 1 Australia, 1 4 7,240,741 4 Static model 4 (Primary and 4 Healthcare
Netherlands, 1USA Secondary)
Women attending 1 UK, 1 China, 1 USA, 1 4 75,770 1 Dynamic model, 3 1 Secondary, 3 2 Healthcare, 1
STD and abortion Canada Static model (Primary and Societal, 1
clinics Secondary) Correctional
institution and
healthcare system
Other high-risk 4 USA, 1 Australia, 1 6 131, 847 3 Dynamic model, 3 2 Secondary, 4 1 Healthcare, 3
individuals Netherlands Static model (Primary and Societal, 2 not
Secondary) reported

*An approximate estimate value.
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