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Abstract 

Genital infection with Chlamydia trachomatis (óchlamydiaô) is the most 

commonly diagnosed sexually transmitted infection in England. Chlamydia is 

often asymptomatic and can lead to serious complications, especially in women. 

Chlamydia screening offers one approach to controlling chlamydia and its 

consequences. In England, chlamydia screening is offered opportunistically to 

sexually-active under-25 year-olds through the National Chlamydia Screening 

Programme, which was introduced in 2003 and nationally implemented by 

2008. 

Evaluating the real-world impact of chlamydia screening against its aims of 

interrupting transmission and reducing the prevalence of infection presents a 

considerable challenge, in part due to the absence of a robust outcome 

measure. 

The research presented in this thesis sought to address this challenge. Four 

approaches to outcome measurement were investigated:  

¶ Analysis of trends in percentage testing positive for chlamydia among 15-24 

year-olds accessing chlamydia testing using surveillance data; 

¶ Pilot of a postal survey of 17-18 year-old women to measure population 

prevalence; 

¶ Analysis of chlamydia prevalence among 16-24 year-old participants in the 

second and third National Surveys of Sexual Attitudes and Lifestyles 

(Natsal-2: 1999-2000; Natsal-3: 2010-12); 

¶ Application of a novel antibody assay to stored sera from 16-44 year-old 

participants in the Health Survey for England (HSE) between 1994 and 2012 

to measure prevalence of antibodies in serum as a marker of previous C. 

trachomatis infection. 
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In summary, no definitive evidence was found in these or other published 

analyses to suggest that chlamydia screening, as delivered in practice, has led 

to a reduction in the incidence or prevalence of chlamydia infection among 

young adults in England up to 2012. Possible reasons for the absence of such 

evidence are discussed in light of findings presented in the thesis. 

The strengths and limitations of these approaches to outcome measurement 

are discussed, and recommendations regarding the future evaluation and 

delivery of chlamydia control programmes are presented.  
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Glossary of terms 

Chlamydia trachomatis; 
C. trachomatis;  
chlamydia 

This thesis follows the convention for microbial 
nomenclature set out by Low et al.8 Chlamydia trachomatis 
(abbreviated to C. trachomatis) is used to describe the 
organism. óChlamydiaô is the name of the condition, and is 
used to describe genital infection with C. trachomatis.   

Percentage testing 
positive 

The percentage of tests for current infection with C. 
trachomatis that return a positive result. Percentage testing 
positive is distinct from chlamydia prevalence, as the tests 
are not necessarily drawn from a representative sample of 
the general population. 

Prevalence  The percentage of a defined population who have 
chlamydia at a given point in time. 

C. trachomatis 
antibody/ Pgp3 
seropositive 

The percentage of sera tested where C. trachomatis or 
Pgp3 antibodies are detected. 
 

C. trachomatis 
antibody/ Pgp3 
seroprevalence 

The percentage of a defined population who test positive 
for C. trachomatis or Pgp3 antibodies in serum. 
 

Incidence  The rate at which chlamydia infections occur in a defined 
population during a specified period. 

Cumulative incidence  The probability of having been infected with chlamydia by a 
given point (i.e. by a given age or number of years after first 
sex). 

Diagnosis rate The number of diagnoses per 100,000 population 
(generally applied to 15 to 24 year-olds) 

Coverage The number of chlamydia tests divided by the population 
(expressed as a percentage of a given age group)  

Opportunistic 
screening 

Screening offered to people at the time of attending 
healthcare or other specified venues. Not register-based. 

Register-based 
screening 

Screening offered systematically via active invitation of the 
eligible population in a given age/demographic group.  

Sexually-experienced Reports at least one sexual partner by the time of 
measurement/interview. 

Lifetime sexual 
partners 

Number of sexual partners by the time of 
measurement/interview. 
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Table of abbreviations 

AC2 Aptima-Combo 2 assay (Hologic Gen-Probe) 

AOR Adjusted odds ratio 

CDC Centers for Disease Prevention and Control 

CI Confidence interval 

ClaSS Chlamydia Screening Studies 

CMO Chief Medical Officer 

CSI Chlamydia Screening Implementation project 

CSO Chlamydia screening office 

DFA Direct fluorescent antibody assay 

ECDC European Centre for Disease Prevention and Control 

EIA Enzyme immunoassay 

ELISA Enzyme-linked immunosorbent assay  

EU/EEA European Union/European Economic Area 

GP General practice 

GUM Genitourinary medicine 

GUMAMM Genitourinary medicine access monthly monitoring 

GUMCAD Genitourinary medicine clinic activity dataset 

HIV Human immunodeficiency virus 

HSE Health Survey for England 

HPA Health Protection Agency 

HPV Human papillomavirus 

IgG Immunoglubulin G 

IMD Index of Multiple Deprivation 

IPP Infertility Prevention Program 

LCx Ligase chain reaction assay (Abbott Diagnostics) 

LGV Lymphogranuloma venereum 

LSOA Lower super output area 

MSM Men who have sex with men 

MSW Men who have sex with women 

NAAT Nucleic acid amplification test 

NAO National Audit Office 

Natsal-2 2nd National Survey of Sexual Attitudes and Lifestyles 

Natsal-3 3rd National Survey of Sexual Attitudes and Lifestyles 

NCSP National Chlamydia Screening Programme 

NHANES National Health and Nutrition Examination Survey 

OR Odds ratio 

PCT Primary care trust 

PHE Public Health England 

PID Pelvic inflammatory disease 

R0 Basic reproductive number 

RCT Randomised controlled trials 

SRH Sexual and reproductive health  

STI Sexually transmitted infection 

UK United Kingdom 

US United States 

USPSTF United States Preventive Services Task Force 

VVS Vulvovaginal swab 
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1 Introduction 

Genital infection with Chlamydia trachomatis (óchlamydiaô) is the most 

commonly diagnosed bacterial sexually transmitted infection (STI) in England.9 

Most chlamydia infections are asymptomatic10,11 and infection can lead to 

serious reproductive sequelae in women.12-15 In England, the National 

Chlamydia Screening Programme (NCSP) recommends that sexually active 

under-25 year-olds are screened for chlamydia annually and on change of 

sexual partner with the aim of reducing transmission and preventing future 

complications. The programme was introduced in England in 2003 and 

nationally implemented by 2008.  

As set out in the following chapter, chlamydia screening is expected to lead to a 

reduction in the incidence and prevalence of infection. However, the 

effectiveness of screening in practice has not yet been shown and evidence 

from previous research is inconclusive. When the NCSP was established no 

strategy was put in place to monitor the impact of screening on health-related 

outcomes. The impact of chlamydia screening to date on either the incidence or 

prevalence of chlamydia is unknown. 

One of the major challenges in evaluating the impact of chlamydia screening is 

the availability of a robust and valid outcome measure. As the majority of 

infections with C. trachomatis are asymptomatic, true incidence of chlamydia 

(i.e. the rate at which chlamydia infections occur in a defined population during 

a specified period) cannot be directly measured without incredibly intensive 

studies of large samples with frequent and repeated chlamydia testing. Such an 

approach is not feasible for evaluating the impact of chlamydia screening at a 
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national level over a long time period. Instead, the research presented in this 

thesis focusses on three outcome measures: the prevalence of chlamydia 

among the general population (hereafter termed óprevalenceô); the percentage 

testing positive for chlamydia among people accessing testing; and the 

prevalence of C. trachomatis antibodies detected in serum (hereafter termed óC. 

trachomatis antibody seroprevalenceô) as a measure of the percentage of the 

population who have had at least one C. trachomatis infection by a given age 

(hereafter termed óage-specific cumulative incidenceô).  

1.1 Aims 

The aims of this PhD are: 

1. to identify and appraise outcome measures, and methods of their 

measurement, for the purpose of evaluating the impact of opportunistic 

chlamydia screening on the incidence and prevalence of infection (or related 

measures); and 

2. using the outcome measures and methods identified in (1), to examine 

whether widespread opportunistic chlamydia screening, as it has been delivered 

in practice, has led to a reduction in the incidence or prevalence of chlamydia 

among young adults in England up to 2012 that would otherwise have been 

seen in the absence of opportunistic chlamydia screening.   

The findings from this research can contribute to public health policy by 

producing recommendations on methods to evaluate the impact of chlamydia 

screening and on the future development of chlamydia control policies in 

England. 
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1.2 Structure of the thesis 

This thesis is based on original analyses of nationally-collected surveillance 

data, a pilot of a chlamydia prevalence survey involving primary data collection, 

original analyses of data from the second and third National Surveys of Sexual 

Attitudes and Lifestyles (Natsal), and the application of a novel C. trachomatis 

antibody test to stored sera from the Health Survey for England (HSE).  

Chapter 2 sets out the background and rationale for the research. It includes an 

overview of chlamydia and chlamydia screening, describes limitations of the 

evidence base for the effectiveness of chlamydia screening and sets out the 

challenges of evaluating the impact of chlamydia screening on the incidence 

and prevalence of infection. Key features of how chlamydia screening has been 

implemented in practice in England are presented.  

Chapter 3 presents a review of the literature around methods of measuring a) 

the prevalence of chlamydia in the general population, b) changes over time in 

the percentage testing positive for chlamydia among people accessing testing 

and c) C. trachomatis antibody seroprevalence as a marker of age-specific 

cumulative incidence. The key methodological issues around selection bias and 

confounding are highlighted and discussed.  

Chapter 4 uses nationally-collated surveillance data from women and men 

tested for chlamydia to explore the use of trends in percentage testing positive 

for chlamydia as a proxy for changes in chlamydia prevalence in the general 

population over time. 

Chapter 5 describes the design and implementation of a pilot survey to measure 

prevalence of chlamydia among 17 to 18 year-old women. 
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Chapter 6 presents analyses of data from the second and third National 

Surveys of Sexual Attitudes and Lifestyles, conducted in 1999-2000 (Natsal-2) 

and 2010-12 (Natsal-3). Age-specific prevalence of C. trachomatis detected in 

urine is compared between Natsal-2 and Natsal-3. Differences between the 

design of the surveys and context in which they were carried out are examined 

to assess changes in chlamydia prevalence in the decade between the surveys. 

Chapter 7 uses data from Natsal-3 and presents a detailed analysis of the 

epidemiology of prevalent C. trachomatis infection in relation to reported testing 

to explore the extent to which opportunistic chlamydia screening up to 2012 was 

reaching groups at risk of chlamydia. 

Chapter 8 presents a C. trachomatis antibody seroprevalence survey using a 

novel assay to investigate change in age-specific cumulative incidence over 

time during a period of increasing chlamydia screening.  

Chapter 9 brings together the findings from the previous chapters to summarise 

the strengths and weaknesses of each method and to examine whether there is 

any evidence for there having been a decrease in chlamydia prevalence or age-

specific cumulative incidence since the implementation of the NCSP, up to 

2012. This chapter summarises the contribution made by this research by 

discussing the implications for future monitoring and evaluation, for chlamydia 

control strategies and for future research. 
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2 Background 

In this chapter I present an overview of the epidemiology and clinical impacts of 

genital infection with C. trachomatis and the putative role of chlamydia screening in 

its control. I discuss the limitations in available evidence for the effectiveness of 

chlamydia screening with particular reference to its impact on the incidence and 

prevalence of infection, thereby setting out the rationale for the thesis. I also provide 

a summary of how chlamydia screening has been implemented in practice in England 

over the last decade.  

2.1 What is chlamydia? 

C. trachomatis is a bacterium, belonging to the genus Chlamydia. Serotypes A-

C cause ocular infections; L1, L2, L3 and L2b are responsible for 

lymphogranuloma venereum (LGV) and serotypes D to K cause urogenital tract 

infections,16 which are the focus of this thesis. Genital infection with C. 

trachomatis (hereafter termed óchlamydiaô) is the most commonly diagnosed STI 

in the UK and elsewhere.9,17 Untreated chlamydia can persist for several 

months or years18, and can cause a range of complications (see section 2.1.1). 

The acute symptoms of chlamydia infection include pain and abnormal 

discharge,19 but a large proportion of people who are infected with C. 

trachomatis remain asymptomatic.10,11,20 

Highly sensitive and specific nucleic acid amplification tests (NAATs) that detect 

the presence of C. trachomatis are available in most diagnostic laboratories in 

England, and can be performed on non-invasive samples (urine in men, self-

taken vulvovaginal swabs or urine for women).19 Chlamydia testing can 

therefore be offered in a range of clinical and non-clinical settings. Once 
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detected, chlamydia is easily treated with antibiotics.19 Systemic and local 

antibodies to C. trachomatis can be detected in those with a current or previous 

chlamydia infection.21,22  

The prevalence of chlamydia is highest among young adults. In the third 

National Survey of Sexual Attitudes and Lifestyles (Natsal-3, carried out in 

2010-12), the prevalence of C. trachomatis (detected in urine) in the sexually-

active adult British general population was 1.5% (95% confidence interval [CI] 

1.1%-2.0%) among women and 1.1% (95%CI 0.7%-1.6%) among men aged 16 

to 44 years old; prevalence among 16 to 24 year-olds was 3.1% (95%CI 2.2%-

4.3%) in women and 2.3% (95%CI 1.5%-3.4%) in men.23 

2.1.1 Sequelae and natural history of infection 

Although largely asymptomatic, chlamydia presents a serious public health 

problem, as genital infection with C. trachomatis can cause several severe 

complications which are associated with losses of quality of life24-26 and incur 

substantial healthcare costs.27-30 In women, infection with C. trachomatis can 

ascend the genital and reproductive tract and lead to pelvic inflammatory 

disease (PID), a spectrum of clinical disorders involving inflammation of the 

uterus, fallopian tubes, ovaries, or adjacent peritoneum. PID can resolve without 

any damage caused to the reproductive tract. However, PID can lead to 

scarring and fibrosis in the pelvic organs, which in turn can lead to serious long-

term reproductive consequences including tubal factor infertility and ectopic 

pregnancy.11,15,31-34 The scarring and fibrosis of pelvic organs occur as a result 

of the immunological processes involved in response to chlamydia infection, 

although the exact biological mechanism(s) by which genital chlamydia 

infections cause tissue damage are not fully understood.35 In men, chlamydia 
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can cause epididymitis (swelling of one of the tubes in the testicles).11 Babies 

born to mothers with chlamydia infection are at risk of neonatal conjunctivitis 

and pneumonia.11,36,37 

There are considerable uncertainties concerning the natural history of 

chlamydia.38 However available data suggest that in the region of 10% to 15% 

of untreated genital infections with C. trachomatis result in diagnosed clinical 

PID;14,38,39 10% to 15% of these cases may then lead to tubal factor infertility.38 

Progression rates from chlamydia to other outcomes are less well understood.38 

In an economic evaluation of chlamydia screening in England, it was estimated 

that 7.6% of women with symptomatic PID would progress to ectopic 

pregnancy; 14.8% of babies born to mothers with chlamydia would develop 

neonatal conjunctivitis, 7% would develop neonatal pneumonia and 2% of men 

with asymptomatic chlamydia would develop epididymitis.28 

More recently, chlamydia has been suggested as a possible cause of adverse 

birth outcomes including pre-eclampsia, spontaneous preterm birth or 

stillbirth,40-42 although study findings vary and further work is needed to fully 

understand this relationship.43 Chlamydia may also increase the risk of disease 

arising from other sexually transmitted pathogens, through facilitation of human 

immunodeficiency virus (HIV) transmission44 and increasing the persistence of 

high-risk human papillomavirus (HPV).45,46 

Genital infection with C. trachomatis confers, at best, only partial immunity to 

subsequent infection.47 Therefore re-infections are possible either from 

untreated or new sexual partners. Re-infection with chlamydia is common and 

those who test positive for chlamydia are at greater risk of testing positive at 
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subsequent tests than those who test negative. Studies have found that around 

10% to 15% of young adults diagnosed with chlamydia also test positive at their 

next test48-57 and that the percentage testing positive at a repeat test is around 

two to three times higher in those with an initial positive than in those with an 

initial negative test.48-55 Repeat diagnoses may be due to re-infection due to 

incomplete treatment of sexual partner(s), re-infection due to continuing risk 

behaviour (i.e. unprotected sex with new or existing partners) or detection of a 

persistent infection due to incomplete or ineffective treatment. The extent to 

which treatment affects the development of protective immunity is unclear.47,58,59 

2.2 What is chlamydia screening? 

One way of trying to control chlamydia and reduce the adverse consequences 

associated with infection is to screen people for current chlamydia infection. 

Screening is a process of identifying apparently healthy people who may be at 

increased risk of a disease or condition. They can then be offered information, 

further tests and appropriate treatment to reduce their risk and/or any 

complications arising from the disease or condition.60 In the case of chlamydia 

screening, people diagnosed with chlamydia following asymptomatic testing can 

be offered treatment and advised that their sexual partners should also be 

screened and treated (hereafter termed ópartner notificationô).  

Criteria for determining whether a disease or condition is a suitable target for 

screening were originally set out by Wilson and Junger in 1968.61 These criteria 

remain the basis of definitions of screening, although they have been adapted 

and developed to be more applicable to modern public health practice, 

emerging technologies and to emphasise the need for evidence of 
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effectiveness, evaluation and quality assurance in any screening 

programme.60,62-64 In summary, in order for a disease or condition to be 

considered a suitable target for screening, it should present an important public 

health problem, have a recognisable latent or early symptomatic stage and its 

natural history including development from early/latent period to active disease 

should be understood. There should be a precise and acceptable test and an 

accepted and effective treatment. The cost of screening should be 

economically-balanced in relation to medical expenditure as a whole and the 

benefits of screening should outweigh the harms.60-64 

Chlamydia presents a potential target for screening as a significant public health 

problem, especially among young people, as it is the most commonly diagnosed 

STI in the UK and as untreated chlamydia infections can have serious long term 

consequences. Accurate and acceptable65 tests are available and safe and 

effective antibiotics to treat chlamydia infection are available and included in 

clinical guidelines.19 As the majority of chlamydia infections are asymptomatic, 

chlamydia screening should result in the diagnosis and treatment of infections 

that would otherwise go undiagnosed, or be detected later in the course of 

infection, thereby reducing the average duration of infection.  

By reducing the duration of infection, chlamydia screening is expected to reduce 

an individualôs risk of developing complications such as PID, ectopic pregnancy 

or tubal factor infertility.39,66 The potential for chlamydia screening to interrupt 

the development of tubal pathology has been shown in four randomised 

controlled trials (RCT) that have investigated the effectiveness of a single offer 

of a chlamydia screen on the risk of developing PID within one year (Figure 

2-1). A recent meta-analysis of these studies reported the pooled risk ratio of 
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all-cause PID after one year of follow-up for women invited to have a chlamydia 

screen to be 0.64 (95%CI 0.45-0.90). Uptake of screening in the intervention 

arm varied between 29% and 100% and the reduction in the risk of PID was 

greater in studies with higher rates of uptake of chlamydia screening.2  

Figure 2-1: Reduced risk of pelvic inflammatory disease (PID) within one year 

associated with a single offer of a chlamydia screen among women: results of 

four randomised controlled trials 

Adapted from European Centre for Disease Control and Prevention Report
2
 

 
 

Study Year 
Effect estimate 

(95%CI) 
 

Scholes
1
 1996 0.43  (0.21-0.90) 

 

Ostergaard
67

 2000 0.49  (0.23-1.07) 

Oakeshott
39

 2010 0.65  (0.34-1.24) 

Andersen
68

 2011 0.89  (0.56-1.42) 

    
Overall (I-squared = 11.7%, p = 0.334) 0.65  (0.47-0.91) 

    
    Risk ratio 

    
Favours screening               Favours control 

In contrast to other screening programmes such as screening for breast cancer 

or for cervical cancer, screening for chlamydia, as an infectious disease, 

includes a strong element of infection control through treatment of the infected 

individual and their sexual partner(s). Chlamydia screening is therefore 

expected to confer benefits at a population level by interrupting transmission, 

thereby reducing the incidence of infection. The logical basis for this can be 

seen using the epidemiological concept of the óbasic reproductive numberô, 

denoted as R0. R0 is defined as the average number of secondary infections 

caused by an infected person in a totally susceptible population. For STI, R0 is 

dependent on three parameters, such that R0=ɓcD, where ɓ denotes the 

average probability that an infected individual will infect a susceptible partner 

over the duration of their relationship; c denotes the average number of new 

0.25 0.5 2 4 1 
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partners acquired per unit of time; and D the average duration of infection.69 

When R0 is greater than one, infection will spread through a population and the 

larger the value of R0, the more quickly the infection will spread. Chlamydia 

screening, which is expected to reduce the average duration of infection (D), 

should therefore reduce R0 and hence the incidence of infection.70 Chlamydia 

screening is also expected to lead to a fall in the prevalence of chlamydia, given 

the relationship prevalence=incidence x duration.71  

2.2.1 The National Chlamydia Screening Programme (NCSP) in England 

Although the validity of some of the earlier RCTs of chlamydia screening and 

PID was later questioned (see section 2.3), the landmark trial by Scholes et al in 

1996 and subsequent trial by Ostergaard et al in 2000 provided strong evidence 

in the late 1990s and early 2000s in support of chlamydia screening, having 

reported a significant reduction of ~50% in PID among those invited to screen 

compared to the control arm.1,67 Observational data from Sweden and the USA 

were also considered to support the argument for chlamydia screening.72 

Increases in testing in women in Sweden had been found to correlate with a fall 

in the number of diagnoses made73 and in the US, a before and after study 

found the percentage testing positive among women attending family planning 

clinics in Wisconsin to be lower after the implementation of a selective 

screening policy.74  

In 1998, the Chief Medical Officer (CMO) in England commissioned an Expert 

Advisory Group to review the case for chlamydia screening, the report of which 

concluded that:  

ñAction is required to reduce the prevalence and morbidity associated 

with chlamydial infection. The sequelae of chlamydial infection are 
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severe and can have lifelong implications. There is evidence that the 

effective management of chlamydial infection will result in 

considerable health benefit.ò75 

And that, 

ñThe evidence supports  opportunistic screening of sexually active 

women aged under 25.ò75 

Following this report and two pilots of chlamydia screening in 1999,75-77 the 

Department of Health in England announced the planned roll-out of a national 

screening programme for chlamydia in targeted groups (women attending 

genitourinary medicine (GUM) clinics, seeking termination of pregnancy or 

having their first cervical smear) from 2002, with a broader national programme 

to follow.76 The National Chlamydia Screening Programme (NCSP) was 

implemented on a phased roll-out basis in 2003, with national implementation 

by March 2008. The NCSP remains in place to this date and recommends that 

sexually active women and men aged under 25 are tested annually and on 

change of sexual partner, with the aim of reducing the incidence and prevalence 

of chlamydia and its consequences.78 Although the original recommendation 

from the CMOôs Expert Advisory Group referred to asymptomatic screening in 

women, the NCSP included recommendations for opportunistic screening in 

men from the start of the programme. Men were included to highlight the role of 

both sexes in controlling onward transmission and in preventing reproductive 

complications in women and to increase both sexesô ability to take responsibility 

for their sexual health.79 

The delivery of chlamydia screening in England is described in detail in section 

2.5. Briefly, chlamydia screening is offered to under-25 year-olds when they 

attend a range of clinical and non-clinical venues. This approach differs to 
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register-based screening programmes, where the eligible population are 

actively invited and recalled on a regular basis. The NCSP is therefore defined 

as an opportunistic screening programme and is referred to as such throughout 

this thesis to distinguish this approach from register-based screening. 

The expected impact of opportunistic chlamydia screening on the prevalence of 

chlamydia was explored using a mathematical model developed by the then 

Health Protection Agency (HPA)i in 2006.80,81 Turner et al modelled scenarios 

based on offering chlamydia screening to women only or women and men, 

attending general practice (GP) settings. The model explored the impact of 

different assumptions including: the age group screened; the proportion of 

people who accepted screening; different rates of partner notification; the 

proportion of the eligible population who attended GP settings and the interval 

between offers of screening. The results from three of the modelled screening 

strategies, using the base case assumptions of the model are shown in Figure 

2-2. The model results suggested that opportunistic chlamydia screening of 

women or women and men aged <25 years could at least halve the prevalence 

of chlamydia within ten years, providing that the healthcare settings offered 

screening to the entire eligible population when they attend, that 50% of those 

offered screening accept the invitation and that 20% of partners were treated.81 

As seen in Figure 2-2, decreases in chlamydia prevalence in women aged 16 to 

19 and 20 to 24 were predicted within the first few years of implementation of 

chlamydia screening, with more gradual declines seen in later years. These 

findings again supported the expectation that chlamydia screening could have a 

beneficial impact on population health. 

                                                             
 

i
 The HPA was incorporated into Public Health England (PHE) in April 2013. 
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Figure 2-2: Age specific impact of three screening strategies in those aged under 

25 on chlamydia prevalence in women using the base case parameter set. 

Reproduced with kind permission from Sexually Transmitted Infections from Turner et al 2006.
81

 
Age-specific impact of screening strategies in those aged less than 25 years on chlamydia 
prevalence in women using the base case parameter set. The different figures show different 
screening strategies: A (offer annual screen to women); B (offer annual screen to women and if 
changed their partner in the past 6 months) and C (offer annual screen to women and men). 
Time (years) shows years from implementation of hypothetical screening scenarios. 
 
 

 

 

 

Several countries in Europe, North America and Australasia recommend 

asymptomatic testing for chlamydia among groups considered to have a higher 

risk of chlamydia. This includes young people (e.g. aged <25), men who have 

sex with men (MSM), pregnant women, and women undergoing abortion.82 

Scotland and Wales do not have an organised screening programme, but 

guidelines recommend opportunistic testing for chlamydia among young 

adults82, with a focus on those at high risk of infection, including individuals 

attending GUM clinics, those who have been previously diagnosed with 

chlamydia, or those who have a partner who has been diagnosed with 

chlamydia, and those with two or more sexual partners in the last year.83 In the 

US, the United States Preventive Services Task Force (USPSTF) and the 

Centers for Disease Prevention and Control (CDC) recommend testing in 
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asymptomatic young women and older women at increased risk.84 However 

England is the only country with an organised ï albeit opportunistic - chlamydia 

screening programme.82 ii  

2.3 Questioning the evidence base for the effectiveness of chlamydia 

screening 

As set out above, there is a strong logical basis for chlamydia screening and 

evidence from RCTs and mathematical modelling support the notion that 

chlamydia screening can benefit population health. However, the evidence base 

relating to the effectiveness of chlamydia screening is subject to some important 

limitations and has come under scrutiny in recent years. 

While evidence from the available RCTs and observational data was used to 

support chlamydia screening in the early 2000s, from around 2006, the validity 

of evidence on the effectiveness of chlamydia screening began to be 

questioned in the public health literature.77,85,86 It is now thought that HIV 

prevention messages in the late 1980s and early 1990s led to a reduction in 

sexual risk behaviour, which in turn reduced STI transmission during this period. 

It is therefore likely that the role of chlamydia screening in observational studies 

had been over-emphasised.86 Re-appraisal of the early RCTs by Scholes et al 

and Ostergaard et al highlighted some important methodological issues.85 In the 

Scholes study, more effort was made to invite women in the screening group to 

                                                             
 

ii
 As defined by criteria set out by the European Centre for Disease Prevention and Control 

(ECDC), who define an organised screening programme as one ñthat offers regular chlamydia 

screening to asymptomatic individuals in a well-defined target population. People found to be 

infected are managed according to guidelines for treatment and partner notification services. 

[The country also has] primary prevention activitiesò
82
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take part, and they were followed up more rigorously than controls.1,85 In the 

Ostergaard study, participants were randomised before they had consented to 

take part, almost half of the participants did not provide information at follow up, 

and assessment of whether someone had PID or not at follow up was not 

blinded.67,85 Thus the effect of chlamydia screening may have been over- or 

underestimated in these studies. 

Furthermore, more recent studies found smaller and non statistically-significant 

effect sizes. Oakeshott et al reported a 35% reduction in risk of PID at one year 

(risk ratio [RR] 0.65, 95%CI 0.34-1.24)39 and Andersen et al reported an 11% 

reduction (RR 0.89, 95%CI 0.56-1.42). The meaning of these smaller effect 

sizes is subject to some uncertainty. In the well-conducted study by Oakeshott 

et al, around one fifth of women in both the intervention and control arms were 

tested outside of the study between the time of enrolment and follow up39 and 

9% of women in the Andersen et al study were tested in the first three months 

of the study.68 This would have biased both studies towards a smaller effect 

size. Andersen et al used prescription information to measure cases of PID in 

community settings.68 This means it is likely that a lot of cases of PID will have 

been missed,68,87 which adds further uncertainty to the findings from this study. 

However, the magnitude of the effect seen in these two studies was 

substantially smaller than that reported in the two earlier RCTs by Scholes and 

Ostergaard that found ~50% reduction in risk of PID within one year of 

screening.  

The effectiveness of chlamydia screening was further called into question with 

the publication of a cluster RCT of register-based chlamydia screening in the 

Netherlands in 2010. In the Chlamydia Screening Implementation (CSI) 
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project,88  16 to 29 year-old women and men living in three areas of the 

Netherlands were offered chlamydia screening annually for three years. Postal 

invitations were used to offer screening. Those who accepted used an internet 

site to request a home sampling kit, which was then posted to a laboratory for 

testing. The study was conducted with stepped-wedge implementation, with 

those in the first phase being sent three yearly invitations, and the final group 

participating only in the final round of screening. The study found no statistically 

significant reduction in the percentage testing positive for chlamydia among 

those tested or in estimated prevalence and no difference between areas that 

had participated in all three rounds of screening versus those in the comparison 

group who had been offered screening only once. This study had lower uptake 

than expected (16% in round one, decreasing to 10% in round three), which 

may have limited the impact of screening on transmission. However, the 

potential for chlamydia screening to reduce the incidence or prevalence of 

infection had yet to be demonstrated in practice.  

The implications of the findings from these RCTs for the expected impact of 

chlamydia screening on population health in England are unclear. There are 

some important differences between the study interventions or populations 

which limit the generalisability of findings from the RCTs. None of the RCTs of 

chlamydia screening and PID investigated the impact of repeated offers of 

chlamydia screening and there are differences in the age groups, genders, and 

risk groups targeted. While the RCT in the Netherlands did investigate the 

impact of three rounds of annual offers of screening, the intervention was 

delivered using a registry to send invitations, which differs to the opportunistic 

approach in England and uptake of screening in the Netherlands was not 

comparable to that in England.88 
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At the outset of the NCSP, surveillance systems were established to collect 

data on numbers of tests and diagnoses among the target population tested 

through the NCSP (see Chapter 4). However, no system was established to 

monitor the health outcomes of the programme in terms of the incidence or 

prevalence of chlamydia or the incidence of chlamydia-related sequelae. No 

baseline survey of chlamydia prevalence was carried out at the start of the 

NCSP and there was no clear strategy as to how the programme would be 

shown to have delivered (or not) against its expected objectives.89  

Thus ten years after widespread opportunistic chlamydia screening among 

young adults had been recommended in England,75 there remained uncertainty 

about the expected or actual impact of the NCSP on population health. This 

uncertainty in the evidence base for chlamydia screening as it had been 

delivered in practice in England was epitomised in a National Audit Office 

(NAO) review of chlamydia screening among young people,89 which was carried 

out in 2009, six years after the introduction of the NCSP. The NAO concluded 

that:  

ñA good understanding of two key aspects of chlamydia ï the 

prevalence of the infection in the general population of young adults, 

and the probability of chlamydia leading to severe health 

complications ï are crucial to any assessment of the Programmeôs 

impact and its cost-effectiveness. The scientific evidence in both 

these areas is limited and the interpretation of the existing data is 

subject to debate. Some of the studies which have been carried out 

since the Programmeôs launch have not strengthened the case for 

testing.ò 89  

The research presented in this thesis was undertaken in response to this 

evidence gap.   
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2.4 How should chlamydia screening be evaluated? 

There is a large body of literature on methods of evaluating public health and 

other policy interventions.90-97 One of the key pieces of work in this area in the 

UK in recent years has been the publication and development of the Medical 

Research Council Framework on the Development and Evaluation of Complex 

Public Health Interventions.94 The research presented in this thesis was not 

carried out within a specific theoretical evaluation framework. However, there 

are several key features of the literature on evaluation that are of particular 

relevance. Specifically: the choice of outcome measures, the role of non-

experimental evaluation and the importance of process evaluation, each of 

which is dealt with in more detail below.  

2.4.1 Choice of outcome measure 

Choosing a suitable outcome measure is crucial to impact evaluation of public 

health interventions. The choice of outcome measure should be guided by a 

theoretical understanding of the expected impact of an intervention. All public 

health programmes will (either implicitly or explicitly) be underpinned by a 

theory of change, which can direct the evaluator to the target outcomes of 

interest.90,98 

As set out above, chlamydia screening is expected to have an impact on a 

number of health outcomes, specifically on the incidence and prevalence of 

chlamydia infection and the incidence of chlamydia-related complications such 

as PID and ectopic pregnancy. However achieving robust measures of these 

outcomes is a major challenge.  
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As chlamydia is largely asymptomatic, case reports per year do not equate to 

the annual incidence of infection. Nonetheless, measurement of the incidence 

of chlamydia infection has been attempted. For example, Lamontagne et al in 

their 2007 study of women attending GP, GUM and family planning clinics 

attempted to measure incidence of infection by inviting women to be tested for 

chlamydia and then re-tested either six (for those who originally tested negative) 

or three (for those who originally tested positive) months later. While the authors 

reported incidence rates per person year calculated on the basis of infections 

measured at follow-up, they could not take account of infections that had been 

acquired and cleared in between measurements.51 Direct measurement of the 

true incidence of chlamydia is not possible without incredibly intensive studies 

of large samples with frequent and repeated chlamydia testing. Such an 

approach is not feasible for impact evaluation of chlamydia screening at a 

national level over a long time period, and is not, therefore, explored any further 

in this thesis.  

The prevalence of infection presents another obvious target outcome measure. 

As described above, chlamydia screening is expected to reduce the prevalence 

of infection both by reducing the average duration of infection and by 

interrupting transmission. However, as described further in the next chapter, 

measures of chlamydia prevalence in the general population are hard to 

achieve. The percentage testing positive for chlamydia among people 

accessing testing or screening will not equate directly to population prevalence 

if the population accessing testing is not representative of the general 

population. Measures of population prevalence from surveys require robust 

sampling frames and ways of protecting against or dealing with non-response. 

This thesis explores the use of percentage testing positive (Chapter 4) and 
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population prevalence measured in cross-sectional surveys (Chapters 5 to 7) as 

outcome measures for the evaluation of screening.  

Measuring C. trachomatis antibodies in serum has been proposed as an 

alternative approach for evaluating the impact of chlamydia screening.99  The 

presence of antibodies to C. trachomatis in serum indicate that someone has 

been previously infected, even if they have been treated, or the infection has 

cleared on its own. The use of antibody seroprevalence as an outcome 

measure for evaluating chlamydia control programmes is promising for a 

number of reasons. Firstly, using stored or retrospectively collected blood 

samples that have been collected for a purpose other than chlamydia testing 

may avoid the bias associated with data from populations who are seeking or 

accepting chlamydia testing. Secondly, chlamydia antibodies persist and thus 

provide a longer-term marker of age-specific cumulative incidence.100 Thirdly, 

as age-specific cumulative incidence will by definition be higher than the 

prevalence, smaller sample sizes should be needed to monitor change over 

time. The use of C. trachomatis antibody seroprevalence as a marker of age-

specific cumulative incidence is the subject of Chapter 8. 

Chlamydia-related outcomes such as rates of PID, ectopic pregnancy and tubal 

factor infertility are all also potential outcome measures for evaluation. As with 

infection-related measures, the use of these conditions as outcome measures is 

problematic as they are difficult to measure consistently across sites and over 

time,101,102 they all have causes other than chlamydia38 and infection doesnôt 

necessarily lead result in these adverse outcomes. Ethical considerations of 

allowing a diagnosed infection to remain untreated also make it challenging to 

establish the incidence of complications following untreated compared to 
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treated infections.2 Ectopic pregnancy and tubal factor infertility are rare 

outcomes that may be diagnosed a considerable time after infection, thus 

studies aimed at measuring these complications would require large sample 

sizes and long follow up times.  Investigation of the impact of screening on 

sequelae, while warranted, is therefore beyond the remit of this thesis. Similarly, 

the thesis does not include an economic evaluation, since an understanding of 

the costs, benefits and harms of screening warrant detailed investigation in their 

own right and is beyond the scope of this thesis. 

2.4.2 The role of non-experimental approaches to evaluation 

Another important consideration in evaluation is how to establish causal 

associations between any change in an outcome measure of interest and the 

intervention under evaluation. RCTs are considered the gold standard of 

evidence for investigating causal associations on specified outcomes among a 

defined population.103 However the role of RCTs in the evaluation of public 

health interventions has received considerable attention in recent years,96,104,105 

and they are not feasible or desirable in all circumstances. As set out by Bonell 

and colleagues in their summary of a multi-disciplinary symposium held in 2006, 

interventions that have already been delivered across an entire area are not 

conducive to RCT methodology as it is not possible to establish a control 

group.103,106 This is the case with chlamydia screening in England, as the NCSP 

has been operational across all areas of England since 2008. Thus estimating 

the effect of chlamydia screening in England via a RCT would not now be 

feasible without withdrawing existing service provision in order to establish a 

true control group. 
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Parts of the chlamydia screening pathway would be amenable to RCT 

methodology, for example comparing screening intervals, and the effectiveness 

of interventions to increase or target uptake in certain groups.107 However the 

overall question of whether the NCSP has had a beneficial effect on population 

health, can no longer be answered through an RCT in England. Alternative, 

non-experimental approaches are therefore required. In this thesis I use several 

novel approaches to outcome measurement and identify the strengths and 

weaknesses of each. I then draw together the findings from these different 

approaches to evaluate what they, together, can tell us about whether 

chlamydia screening has reduced either the incidence or prevalence of 

chlamydia among young adults up to 2012.  

There are other approaches to evaluating the impact of chlamydia screening on 

incidence and prevalence that could have been explored. Mathematical models 

of C. trachomatis transmission can help understand the potential impact of 

chlamydia screening.108 The ability of such models to recreate actual 

transmission events over time is limited by the available data on chlamydia 

prevalence at baseline, tests, diagnoses, sexual behaviours and transmission 

dynamics over the last decade which are required for parameterisation and 

fitting, all of which are subject to considerable gaps109 or uncertainty.108 

Mathematical modelling may be complementary to evaluation based on 

empirical outcome measurement by exploring the potential impact of screening 

frequency or target populations. However, this approach was beyond the remit 

of this thesis.  
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2.4.3 The importance of process evaluation 

The importance of process evaluation has received more attention in the public 

health literature in recent years, in recognition of the multifactorial aetiology of 

many public health problems and of the multiple components of interventions.110 

Post-implementation process evaluation of an intervention  includes a 

description of what was actually delivered, the interaction between the 

intervention and the people targeted and an appreciation of the context in which 

an intervention was implemented, in order to understand whether what was 

done would be expected to have had an impact given the theoretical 

understanding of mechanisms of action.90,111 

The potential impact of chlamydia screening on incidence and prevalence will 

vary according to uptake of testing in different populations, the rates of 

treatment and testing and the index case and their sexual partner(s). In order to 

move beyond the generic question of ódoes chlamydia screening workô, we 

therefore need to understand what is meant by óchlamydia screeningô in the 

specific evaluation context. Section 2.5 below therefore describes how 

chlamydia screening has been delivered in practice in England via the NCSP 

since its implementation, thus providing the context in which the impact of 

chlamydia screening will be evaluated. Additionally, the analysis presented in 

Chapter 7 examines whether chlamydia testing and screening reported in 2010-

12 was reaching 16 to 24 year-olds at risk of prevalent infection, thus exploring 

whether chlamydia screening has been implemented in such a way that we 

would expect there to have been an impact on transmission. 
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2.5 How has chlamydia screening been implemented in practice in 

England? 

Figure 2-3 shows some of the key milestones and developments in the 

implementation of chlamydia screening in England. The way in which the NCSP 

has been implemented and delivered has changed substantially since the start 

of the programme in 2003. This variation has been driven by several factors, 

including local approaches to commissioning and service provision;112 

technological developments;113 the development and constant review of 

national guidance on screening;114 changes in the political and economic 

context in which screening is delivered and the re-organisation of health and 

public health services.115 Some of the main features of chlamydia screening as 

delivered in practice, and changes in the implementation of chlamydia 

screening over time are described below. 

Figure 2-3:  Timeline showing implementation of chlamydia screening 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

*Adapted from National Audit Office Report
89
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The NCSP recommends that sexually-active under 25 year-old women and men 

are tested for chlamydia annually and on change of sexual partner (Figure 2-4). 

Chlamydia screening in England is offered opportunistically to under-25 year-

old women and men when they attend a range of settings. These include 

specialist sexual health services (GUM clinics, sexual and reproductive health 

services, and abortion services) where young adults may be attending for 

sexual health-related reasons. Screening is also offered in non-specialist, 

clinical settings such as GPs and pharmacies. The availability of testing in non-

clinical settings varies by area, but includes testing offered in schools, colleges 

and universities, and in bars, pubs and clubs. In several areas it is also possible 

to order home sampling kits online, where samples are taken at home and then 

returned back to a laboratory for testing.113 The relative contribution to tests and 

diagnoses made by each of these settings, and the percentage testing positive 

in each, varies. This is explored in more detail in Chapter 4.  

Young adults who test positive for chlamydia should be provided with timely 

antibiotic treatment. Azithromycin (1g) and doxycycline (100mg twice a day for 7 

days) are both recommended as first-line treatments.19 In the first full year of the 

NCSP (2008-09), 88% of people who tested positive through the programmeiii 

were recorded as having received treatment.89 The proportion of cases that has 

been treated with azithromycin versus doxycycline or whether this has changed 

over time is unknown, although anecdotal evidence suggests 1g azithromycin is 

more widely used for asymptomatic genital infections with C. trachomatis as 

compliance with treatment is considered more likely (personal communication, 

Paula Baraitser).  

                                                             
 

iii
 Not including GUM clinics 
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Figure 2-4: Schematic showing the chlamydia screening pathway according to 

National Chlamydia Screening Programme recommendations 
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clinic.118 Up to 2012,iv the NCSP monitored partner notification performance 

against a standard of 0.4 partners treated per index case in a large city and 0.6 

elsewhere89. In 2008-09 almost three-quarters of areas delivering chlamydia 

screening did not meet these standards.89  Although rates of treatment and of 

partner notification are both subject to underreporting, the available data 

described above suggest that the screening pathway has not always been 

delivered in an optimal fashion, leaving infected individuals at risk of persistent 

or repeat infections.  

The frequency of screening and timing of testing in relation to time since 

infection are also likely to affect the impact of chlamydia screening. The NCSP 

recommends that young adults are tested annually and on change of sexual 

partner, as young adults continue to be at risk of new and repeat infections after 

having been tested.51 The proportion of young adults who get tested every year 

or upon change of sexual partner is unknown, as routinely collected data do not 

include a unique personal identifier, and to date this has not been investigated 

in national surveys. Given the frequency of chlamydia re-infections (section 

2.1.1), following an evidence review and consultation with professionals and 

young people, the NCSP amended their case management guidelines in 2013 

to recommend that those who test positive for chlamydia should be advised to 

re-test around 3 months after completing treatment.119 An analysis of 

surveillance data from 2010 by Woodhall et al found the incidence rate of re-

testing to be 18.4 and 26.1 per 100 person years in 15 to 24 year-olds testing 

                                                             
 

iv
 National monitoring of treatment and partner notification for tests carried out as part of the 

NCSP was discontinued in 2012, as central data collection was deemed to place an 
unnecessary burden on local areas at a time when chlamydia screening offices were being 
integrated into sexual health services. Local areas are advised to monitor treatment and partner 
notification rates locally. 



44 

via the NCSP and in GUM clinics respectively.120 Rates of re-testing before this 

period are not known.  

2.5.1 Changes in performance management, public health indicators 

and standards 

From the time when the NCSP had been nationally implemented in 2008, local 

areas were monitored against national targets for chlamydia screening 

coverage, defined as the proportion of the population tested each year. These 

óvital signsô indicators were set by the Department of Health for 2008-09 to 

2010-11 (Figure 2-3). The target for local areas increased from 17% of all 15 to 

24 year-olds tested per year in 2008/09 to 35% in 2010/11 (tests performed in 

GUM clinics did not initially contribute towards this target, although were latterly 

included).89 The introduction and implementation of these targets led to a step 

change in the number of tests and diagnoses reported in each year (Figure 2-5 ; 

Figure 2-6). In Natsal-3 (carried out in 2010-12) 57.1% of 16 to 24 year-old 

women and 37.3% of men living in England who reported at least one sexual 

partner over their lifetime reported having been tested for chlamydia in the last 

year.23 

After 2011, following a change of government, the national target for screening 

coverage was removed. Chlamydia control remained a public health priority, 

and an indicator relating to chlamydia screening was included in the 2013 to 

2016 Public Health Outcomes Framework for England.121 Since 2013, the 

Department of Health has recommended that local areas aim to achieve a 
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diagnosis ratev (defined as the number of chlamydia diagnoses per head of the 

15 to 24 year-old population) of 2,300 per 100,000 or higher. The change in 

focus from coverage to a diagnosis rate indicator for programme monitoring was 

partly because the coverage target had driven high volumes of testing in 

relatively low risk populations resulting. The diagnosis rate indicator was 

considered a more appropriate measure of programme performance as treating 

infections is thought to reduce subsequent ill health and as a higher diagnostic 

rate would be expected to lead to greater reductions in chlamydia 

prevalence.121 As with the use of a coverage target there are some potential 

limitations of using a diagnosis rate to monitor programme performance. 

Diagnosis rate will depend on volumes of testing, who is being tested as well as 

the underlying prevalence in each area. It is therefore feasible that areas with 

high underlying prevalence in the population may be able to achieve the 

specified diagnosis rate of 2,300/100,000 more easily than those who have a 

low underlying prevalence of infection. In areas of particularly high or low 

prevalence this may create a perverse incentive where screening activity 

required to reach a specified diagnosis rate would be inverse to sexual health 

need. There is no evidence at present to support local geographical variation of 

population prevalence, so the extent to which diagnosis rate may operate as a 

perverse incentive is unclear. However local authorities are encouraged to 

consider local needs across sexual health when commissioning services to 

rather than consider this as a fixed target.121 

                                                             
 

v
 The name of this indicator changed in 2014, and is now referred to as the ódetection rateô. For 

the purposes of consistency, ódiagnosis rateô is used throughout this thesis. 
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Since 2010, the NCSP has also encouraged the integration of chlamydia 

screening services into sexual health services for young adults.122 In addition to 

continued provision in specialist GUM clinics, local areas are advised to focus 

on provision in general practice, community sexual and reproductive health 

services, pharmacies, termination of pregnancy clinics. Individuals tested in 

these services tend to have a moderate to high risk of chlamydia.20,123,124 These 

settings present sustainable options for screening in services that can address 

other aspects of sexual health including contraception and other STI testing and 

interventions.124 
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Figure 2-5: Number of test reported among 15-24 year-olds in NCSP and other 

non-GUM settings, 2000 to 2012 

Women Men 

  
GUM: genitourinary medicine. NCSP: National Chlamydia Screening Programme. 
*Tests reported from non-NCSP, non-GUM clinics were reported from April 2008 onwards only. 
Tests were not reported by age group in GUM clinics until 2009 so are not included. Tests 
reported of unknown age have been re-allocated according to year- and gender-specific 
distributions. 
 

Figure 2-6: Number of diagnoses reported among 15-24 year-olds in all settings 

(GUM clinics, NCSP and other) 2000 to 2012a 

Women Men 

  
GUM: genitourinary medicine. NCSP: National Chlamydia Screening Programme. 
a
Diagnoses reported from non-NCSP, non-GUM clinics were collected from 2008 onwards. 

Diagnoses reported of unknown age have been re-allocated according to year- and gender-
specific distributions.  
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2.5.2 Changes in the context of chlamydia screening delivery 

As shown in Figure 2-5 and Figure 2-6 chlamydia testing of young adults has 

increased substantially in England over the last decade. In evaluating the role of 

chlamydia screening on changes in prevalence over this period, the role of 

other interventions should also be considered. Along with increases driven by 

the national scale-up of the NCSP increases in testing occurred in GUM clinics 

as a result of improved access to sexual health services125-127 and increased 

availability of diagnostic testing using non-invasive samples (urine or 

vulvovaginal swabs).128  

Following the introduction of waiting time targets for patients attending a GUM 

clinic in 2004,76,129,130 the proportion of GUM attenders who were seen within 48 

hours increased from 38% in May 2004 to 87% in February 2009 (Figure 2-7). 

Reduced waiting times were achieved, to some extent, through increased 

capacity and the expansion of the role of primary care in sexual health service 

provision.130 Numbers of chlamydia tests and diagnoses reported in GUM 

clinics increased from at least 2004 onwards (when data on tests in GUM clinics 

are first available), which likely indicates increased attendance as well as 

increased testing among attenders over this period. Findings from Natsal-2 and 

Natsal-3 demonstrate an increase in attendances at GUM clinics over this 

period: the percentage of 16 to 44 year-old women with at least one lifetime 

sexual partner who reported attendance at a GUM clinic in the past 5 years 

increased from 7% (95%CI 6%-8%) in Natsal-2 (carried out in 2000) to 21% in 

Natsal-3 (95%CI 20%-23%); and among men reported attendance increased 

from 8% (95%CI 7%-9%) to 20% (95%CI 18%-21%)23. This increase was seen 

across all age groups, but most notably among 16 to 24 year-olds.  
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Figure 2-7: Proportion of genitourinary medicine (GUM) clinic attendees seen 

within 48 hours 

Between May 2004 and August 2007, data were collected as part of the HPA GUM Waiting 
times audit, which was performed quarterly and based on questionnaire provided to attendees 
in a 1 week period

125
. From 2009 onwards, data are derived from the 48 Hour Genitourinary 

Medicine Access Monthly Monitoring (GUMAMM) dataset
131

. Data were reported on a monthly 
basis, but the corresponding months are presented here for comparison purposes. Data were 
not collected between November 2007 and December 2009. Data collection was discontinued 
after 2011. 

 

 

2.6 Summary  

In summary, chlamydia presents an important public health problem in England. 

The implementation of the NCSP and increased access to sexual health 

services led to substantial increases in chlamydia testing in the decade up to 

2012, with sustained rates of diagnoses among 15 to 24 year-olds since 2008. 

The way in which screening has been delivered has changed considerably 

during the course of the programe. Despite this moving target, there is a need 

to evaluate the impact of chlamydia screening - as it has been delivered in 

practice - against its objectives of reducing the incidence and prevalence of 

infection. However at the outset of the NCSP there was no system established 
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to do this and obtaining robust measures of incidence, prevalence or related 

measures is challenging.  

In the next chapter the challenge of outcome measurement is addressed in 

more detail through a review of the relevant literature.  
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3 Review of the literature 

In the previous chapter I summarised the evidence and theoretical basis for a 

chlamydia screening programme. I set out the need and rationale for evaluating the 

impact of the NCSP on outcomes relating to the incidence and prevalence of infection. 

In this chapter I provide a summary of studies that have estimated chlamydia 

prevalence among general population samples or that have estimated changes over 

time in either chlamydia prevalence, percentage testing positive or antibody 

seroprevalence as a marker of age-specific cumulative incidence. Methodological 

considerations arising from these studies are discussed, which provide the basis by 

which the methods of outcome measurement presented in chapters 4 to 8 are 

appraised.  

3.1 Methods 

3.1.1 Chlamydia prevalence studies using population-based sampling 

methods 

Studies of chlamydia prevalence measured among general population samples 

were identified as part of a systematic review of chlamydia prevalence studies, 

which was carried out as part of a collaborative project on chlamydia control in 

Europe2,  the full methodology and results of which have been reported 

(Appendix 4).3  

Cross-sectional surveys that used population-based sampling and tested genital 

specimens from adult participants for C. trachomatis were eligible for inclusion. 

Population-based sampling was defined as studies that used a sampling frame 

and method that are potentially representative of the resident population of a 
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particular area. This includes surveys based on household sampling and/or 

population registers and GP registers (although the limitations of GP registers 

are discussed in section 3.2.2.2 below). Studies of populations attending clinical 

settings who were tested for chlamydia as part of routine clinical care were 

identified but not included.  

The review focussed on studies of adults living in European Union 

(EU)/European Economic Area (EEA) Member States. Studies from other high-

income countries (as defined by the Organisation for Economic Cooperation 

and Development) were also eligible for inclusion. Electronic databases (Ovid 

Medline, EMBASE, Popline and The Cochrane Library) were searched from 

January 1990 to 17 October 2011. Search strategies included terms for 

óchlamydia infectionô and óprevalenceô and names of the eligible countries. The 

titles and abstracts were screened by two reviewers (Redmond, Alexander-

Kissling) and assessed against the predefined inclusion criteria. Two reviewers 

(Redmond and Woodhall or Redmond and Alexander-Kissling) extracted data 

independently in duplicate onto standardised data collection forms, compared 

the extracted data for each paper and resolved differences where necessary. 

Discrepancies were adjudicated by a third reviewer (Low). Study characteristics, 

numbers eligible, numbers tested and with C. trachomatis detected and 

estimated prevalence and 95% confidence intervals were extracted from each 

paper. Chlamydia prevalence estimates were compiled by sex, age group, 

country (EU/EEA or non EU-EEA), whether the study was conducted at a 

national or sub-national level and whether prevalence was estimated among the 

total population or limited to those who reported at least one sexual partner by 

the time of the survey (hereafter termed ósexually-experiencedô). Chlamydia 

prevalence and 95% confidence intervals were estimated using the number of 



53 

positive tests divided by the number of people tested unless stratified sampling 

methods were used in which case the estimates presented in the papers were 

used.3  

The results of Natsal-3 were published after completion of the systematic review 

and therefore fell outside of the reviewôs eligibility criteria. Results from Natsal-3 

are included in the text and table below, but not in the meta-analyses. The 

systematic review also incorporated a meta-analysis to pool chlamydia 

prevalence estimates where appropriate and a meta-regression to examine the 

association between estimated chlamydia prevalence in <25 year-old women 

and men and the calculated response rate.3 These aspects of the review were 

carried out by other investigators, but results of these analyses are presented 

below for completeness.  

3.1.2 Reviews of trends in outcome measures of interest 

The reviews of literature presented in this chapter relating to: a) repeated, 

cross-sectional estimates of chlamydia prevalence using population-based 

sampling, b) trends in percentage testing positive using clinical/routinely-

collected data and c) trends in C. trachomatis antibody seroprevalence, were 

not carried out as systematic reviews. For these reviews, electronic databases 

(including Ovid Medline, EMBASE) were searched using terms for chlamydia 

infection, prevalence, percentage testing positive and seroprevalence for 

papers up to November 2012. For the review of studies reporting trends in C. 

trachomatis antibody seroprevalence studies published up to the end of 

February 2014 were also included due to important contributions to the 

literature being published after the initial review had been carried out.132 Studies 

of C. trachomatis antibody seroprevalence were included if they aimed to 
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investigate the burden of genital infection with C. trachomatis; studies aimed at 

monitoring C. trachomatis associated with ocular infections are not reported.  

3.2 Systematic review of chlamydia prevalence studies using 

population-based sampling methods: Results 

The search strategy identified a total of 1,003 reports. A total of 91 publications, 

describing 39 studies of chlamydia prevalence in the general population (25 

EU/EEA, 14 non-EU/EEA) were included.3 Table 3-1 presents a summary of 

included studies. Point estimates of chlamydia prevalence in these studies 

ranged from 0.2% to 8.0% in women and 0.4% to 6.9% in men. Five studies 

(not including Natsal-3) reported chlamydia prevalence in nationally-

representative samples of sexually-experienced adults aged <26 years (Figure 

3-1). The pooled estimate of chlamydia prevalence in these studies was 4.3% 

(95%CI 3.6%-5.0%) among women and 3.6% (95%CI 2.8%-4.4%) in men. Point 

estimates of prevalence ranged from 3.0%133 to 5.3%134 in women and 2.4%135 

to 7.3%134 in men. Further details of the studies carried out in the UK are 

provided below. 
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Table 3-1a: Summary of characteristics of studies included in systematic review 

of chlamydia prevalence, studies with national coverage 

Adapted from Redmond SM, Kissling KA, Woodhall SC et al.
3
 The red shaded area indicates 

Natsal-3 survey, findings of which were not included in the original systematic review. 
 
Country, 
year 

Sex, 
age 
(years) 

Prevalence 
estimated in 
whole study 
Sample, 
sexually 
experienced 
only or both 

Number invited for 
testing 
(response rate 
overall, %) 

Study name (acronym), if known; purpose 
of study, setting and sampling strategy 

EU/EEA Countries 
Croatia 
2011

134
 

W&M, 
18ï25    

S-E 1005 participants. 861 
sexually experienced. 
280 provided urine 
sample (women 
37.5%, men 27.9%) 

Cross-sectional survey of sexual behaviour and STI 
prevalence. Nationally representative sample from all 21 
counties in Croatia, with multi-stage probability sampling. 

France 
2010

135
 

W&M, 
18ï44 

S-E 4957 eligible by age 
and sexual 
experience (women 
54.4%, men 49.3%) 

Sexual behaviour survey (subsample of Contexte de la 
Sexualité en France study, NatChla). Random subsample of 
sexually experienced people from a national population-
based survey on sexual behaviour with two-phase stratified 
sampling. Urine testing kit only sent to women if no swab 
returned after 1 month. 

Germany 
2012

136
 

W&M, 
12ï17 

Both 5755 in this age group 
(women and men 14ï
17 years 63%) 

General health survey (Kinder und 
Jugendgesundheitsstudie, KiGGS). Two-stage stratified 
cluster sampling, nationally representative sample of 0ï17 
year-olds. Only tested samples from participants in this age 
group. 

Netherlands 
2005

137
 

W&M, 
15ï29 

Both 20791 (women 
47.0%, men 33.0%) 

Cross-sectional survey to estimate chlamydia prevalence 
and screening feasibility (CT PILOT). Stratified probability 
sample of randomly selected men and women in 4 regions of 
the Netherlands according to population density. Regions not 
sampled at random. 

Slovenia 
2004

138
 

W&M, 
18ï49 

Both 2616 invited (women 
60.0%, men 50.9%) 

Sexual behaviour study. Stratified two stage probability 
sample of the general population of Slovenia in this age 
group. All participants invited to provide specimen for 
chlamydia testing. 

Britain 
2001

133
 

W&M, 
18ï44 

S-E 5026 invited to give 
urine sample (women 
71.1%, men 68.7%)

a
 

Sexual behaviour study (National Survey of Sexual Attitudes 
and Lifestyles, Natsal-2), conducted 1999-2001. Random 
sample of sexually experienced people taking part in a 
stratified probability sample of people aged 16ï44 years 
resident in Britain (total 11 161 interviewed).  

Britain 2012 W&M, 
16-44 

S-E
 b
 8047 eligible 

participants invited to 
provide a urine 
sample, 4828 (W 
59.7%, M 60.4%)

c
 

Sexual behaviour study (National Survey of Sexual Attitudes 
and Lifestyles, Natsal-3), conducted 2010-12. Random 
sample of sexually experienced people taking part in a 
stratified probability sample of people aged 16ï74 years 
resident in Britain (total 15 162 interviewed). 

Non-EU/EEA countries, including high-income OECD countries 
USA 
2002a

139
 

M,  

18ï19, 
22ï26 

WSS 1995 survey: data 
from 470 aged 18ï19, 
and 995 aged 22ï26 
who were aged 15ï 
19 in 1988 survey 
(insufficient data to 
calculate) 

National Surveys of Adolescent Males (NSAM). Sexual 
health survey. Nationally representative sample of never-
married, noninstitutionalised men aged 15ï19 (1995 survey), 
and aged 22ï26 (aged 15ï19 in 1988 survey but re-
interviewed in 1995). Oversampling of black and Hispanic 
youths. 

USA 
2004

140
 

W&M, 
18ï26 

Both Wave III: 14322 
(women and men 
84%) 

Cohort study (US National Longitudinal Study of Adolescent 
Health, Add Health). Nationally representative sample of 
young people in the USA. Total in first survey, Wave I: 
18924. 

USA 
2012

141
 

W&M, 
14ï39 

WSS 20836 selected 17190 
interviewed (women 
80.4%, 2007ï2008, 
men 74.5%, 2007ï
2008) 

d
 

General health survey (US National Health and Nutrition 
Examination Surveys, NHANES). Stratified multistage 
probability cluster sampling. Data from five 2-year survey 
cycles. 
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Table 3-1b: Summary of characteristics of studies included in systematic review 

of chlamydia prevalence, sub-national studies 

Adapted from Redmond SM, Kissling KA, Woodhall SC et al.
3
  

 
Country, 
year 

Sex, 
age 
in 
years 

Prevalence 
estimated in 
whole study 
Sample 
(WSS), 
sexually 
experienced 
only (S-E) 

Number invited for 
testing 
(response rate 
overall, %) 

Study name (acronym), if known; purpose 
of study, setting and sampling strategy 

EU/EEA Countries 
Denmark 
1998

142
 

W&M, 
mean 
18.0 
women, 
18.2 
men 

S-E 2603 women 928 
eligible (women 
33.3%) 1733 men 442 
eligible (men 24.8%) 

RCT of home sampling versus usual care. Random sample 
(half) of all high schools in Aarhus County. All students 
invited. Eligible if sexually experienced. (Only data from 
home sampling group included). 

Denmark 
1999

143
 

W, 20ï
29 

WSS 16345 eligible 11088 
in cohort (women 
67.8%) 

Cohort study about risk factors for cervical cancer. Random 
sample of women born in Denmark, in catchment area of 
Righospitalet, Copenhagen taking part in a cohort study, who 
had cervical swab sample taken by gynaecologist. 

Denmark 
2001

144
 

M, 17ï
32 

Both 2500 (men 53.8%) Cross-sectional survey to estimate chlamydia prevalence. All 
men in Northern Jutland, Aarhus or Copenhagen counties 
liable for military service and seen by a medical board. 

Denmark 
2002

145
 

W&M, 
21ï23 

S-E 4000 women (women 
32.5% group 1, 
Response rates from 
online results for 
26.3% group 2) 5000 
men (men 25.9% 
group 1, 15.4% group 
2) 

RCT on effectiveness of outreach screening strategies. 
Simple random sample from all residents of Aarhus County 
in this age group. Group 1 received sampling kit, group 2 
had to request kit by post. 

Estonia 
2008

146
 

W&M, 
18ï35 

WSS 1398 reachable 
(women 48%, men 
32%) 

Cross-sectional survey to estimate chlamydia prevalence. 
Stratified random sample of residents of Tartu county. 

Netherlands 
2000

147
 

W&M, 
15ï40 

WSS 5714 women (women 
50.8%) 5791 men 
(men 33.0%) 

Cross-sectional survey to estimate chlamydia prevalence 
and screening feasibility. Simple random sample of patients 
on the lists of 16 general practices in Amsterdam. 

Netherlands 
2010

137
 

W&M, 
16ï29 

S-E 140058 Amsterdam 
(women 22.4%, men 
10.8%) 107806 
Rotterdam (women 
19.6%, men 10.5%) 

Cluster controlled trial of chlamydia screening effectiveness 
(Chlamydia Screening Implementation, CSI). All 16ï29 year-
old residents of Amsterdam, Rotterdam, parts of South 
Limburg. Sexually active people invited to request test kit. 
South Limburg excluded because eligibility depended on 
response to questionnaire assessing risk of chlamydia. 

Norway 
2005

148
 

W&M, 
18ï29 

WSS 646 reached (women 
43.8%, men 25%) 

Cross-sectional survey to estimate chlamydia prevalence. All 
patients on the list of a group practice in Oslo. 

Norway 
2012

149
 

W&M, 
18ï25 

S-E 10000 invited 1670 
returned sample 
(women 18.9%, men 
11.9%) 

Cross-sectional survey to estimate chlamydia prevalence. 
Simple random sample of 10,000 people in this age group 
living in Rogaland county using unique personal identification 
number. 

Spain 
2007

150
  

W, 15ï
44 

S-E 1821 invited 916 
reached or accepted 
(women 66.1%) 

Cross-sectional multinational HPV prevalence survey. 
Random age stratified sample of the adult female general 
population from census list of 4 urban communities in 
metropolitan Barcelona. 

Sweden 
1992

151
 

W, 15ï
34 

S-E 543 reached and 
were sexually 
experienced women 
(68.9%)  

Cross-sectional survey to estimate chlamydia prevalence. All 
women in this age group in a primary health care area in 
Nättraby invited, only sexually experienced screened. 

Sweden 
1995

152
 

W, 19, 
21, 23, 
25 

WSS 816 reached 611 
participated (68.3% 
women) 

Cross-sectional survey to estimate chlamydia prevalence. All 
women of this age living in primary health care area of 
Ålidhem community centre in Umeå. 

Sweden 
2003

153
 

M, 22 WSS 1074 (men 35.6%) Cross-sectional survey to investigate feasibility of chlamydia 
screening. All males of this age living in Umeå. 

Sweden 
2004

154
 

W&M, 
20ï24 

WSS 200 (women 65%, 
men 45%) 

Cross-sectional survey to estimate chlamydia prevalence 
and cost-effectiveness of home sampling. Simple random 
sample of 100 men and 100 women in this age group living 
in Umeå. 

Sweden 
2007

155
 

M,  
19ï24 

WSS 1936 reached (men 
14.5%) 

Cross-sectional survey to estimate chlamydia prevalence. 
Sampling method unclear, 1000 men living in Uppsala 
county (from population register), and 1000 Uppsala 
university students (from student register database). 

United 
Kingdom 
2000a

156
 

M,  
18ï35 

WSS 919 invited by post 
and reachable (men 
45.3%) 

Cross-sectional survey to estimate chlamydia prevalence 
and screening feasibility. Postal recruitment of all men aged 
18ï24 and a random sample of men aged 25ï35 in 4 
general practices in North West London. 
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United 
Kingdom 
2000b

157
 

W&M, 
18ï35 

S-E 166 women reached 
(women 39%) 175 
men reached (men 
46%) 

Pilot study of acceptability of home sampling. Simple random 
sample of patients on the lists of 3 general practices in North 
West London and Avon. Urine samples from random 50% of 
women, vulval swabs from other 50%. 

United 
Kingdom 
2007

10
 

W&M, 
16ï39 

WSS 14382 reached 
(women 37.6%, men 
27.9%) 

Cross-sectional survey to estimate chlamydia prevalence 
and screening feasibility (Chlamydia Screening Studies 
project, ClaSS). Random sample of general population in 
Birmingham and Bristol areas, selected from 27 general 
practice lists. 

United 
Kingdom 
2012

158
 

W&M, 
18ï24 

WSS 29917 invited (women 
13.2%, men 9.8%) 

Cross-sectional survey investigating feasibility of postal 
screening invitations. All people in this age group registered 
with any GP in North East Essex Primary Care Trust. 

Non-EU/EEA countries, including high-income OECD countries 
Australia 
2003

159
 

W&M, 
15ï40+ 

WSS 6431 eligible 2862 
participated (women 
and men 43.8%) 

General health survey. All people living in 26 rural 
indigenous Australian and Torres Strait Islander communities 
in northern Queensland taking part in Well Personôs Health 
Check. 

Australia 
2004

160
 

W&M, 
15ï35 

WSS 2703 eligible listed 
1219 screened 
(women 50.7%, men 
39.3%) 

Cross-sectional survey to estimate chlamydia and 
gonorrhoea prevalence. Indigenous Australian people aged 
15ï35 living in Alice Springs area 

Australia 
2006

161
 

W, 
18ï35 

Both 1532 eligible 
households 979 
women interviewed 
657 gave urine 
sample (women 
42.9%) 

Cross-sectional survey to estimate chlamydia prevalence. 
Simple random sample from Melbourne residential telephone 
directory. 

Australia 
2008

162
 

W&M, 
14ï40 

WSS ca. 1300 in 1996 
(insufficient data to 
calculate) 

Cross-sectional survey in STI control programme screening 
for chlamydia, gonorrhoea and syphilis. All resident 
indigenous Australians living in the Anangu Pitjantjatjara 
Yankunytjatjara Lands. 

Canada 
2002

163
 

W&M, 
15ï39 

WSS 1075 women (women 
29.3%) 1130 men 
(men 16.2%) 

Chlamydia mass screening study. All adults from remote 
Inuit communities in Nunavik region. All sexually 
experienced or in this age group especially encouraged to 
take part. 

Canada 
2009

164
 

W&M, 
15ï65 

WSS 224 estimated eligible 
(insufficient data to 
calculate) 181 
screened (80.8% for 
women and men) 

Chlamydia and gonorrhoea mass screening study. All men 
and women in this age group living in a rural Inuit community 
from Baffin Region, Nunavut. 

New 
Zealand 
2002

165
 

W&M, 
16+ 

S-E 1582 invited 1136 
consented 582 
sexually active 
(insufficient data to 
calculate) 

Cross-sectional survey to estimate chlamydia prevalence. 
Random sample of 50% of classes in all private and public 
high schools, Christchurch. Only sexually active had their 
samples tested. 

Switzerland 
2008

166
 

M, 
18ï26 

Both 521 eligible and gave 
written consent 
(insufficient data to 
calculate) 

Cross-sectional survey to estimate chlamydia prevalence. All 
young Swiss men attending obligatory medical board before 
army recruitment (French speaking region only). 

USA 
2001

167
 

W,  
18ï29 

S-E 2148 eligible 1439 
enrolled 1370 tested 
1314 sexually active 
(women 61.2%) 

Household survey of risk behaviour and chlamydia 
prevalence. All English- or Spanish speaking women in this 
age group in a random sample of low income housing blocks 
from the 1990 census (<10th percentile) in 3 counties in 
California. 

USA 2002
c
 

168
 

W&M, 
18ï35 

WSS 1224 adults aged 18ï
45 reached 728 age-
eligible for screening 
(women and men 
79.5%) 

Cross-sectional survey to estimate chlamydia and 
gonorrhoea prevalence. Stratified probability sampling of 
households in Baltimore; urine samples requested from 
those in study age group. 

USA 
2011

169
 

W&M, 
15ï35 

Both 4998 eligible (women 
and men 42.7%) 

Cross-sectional survey to estimate STI prevalence 
(Monitoring STI Survey Program). Probability sample of 
Baltimore residents. 

EU/EEA, European Union or European Economic Area Member States; M, men; OECD, 
Organization for Economic Cooperation and Development; S-E: Sexually-experienced; STI, 
sexually transmitted infections; W: women; WSS: Whole study sample.  

a
Numbers from 

technical report Erens et al. 2001
4
. 

b
Specimens were collected from all 16 to 17 year-olds 

regardless of reported sexual activity; prevalence of chlamydia infection was estimated among 
sexually-experienced only  

c
Numbers from technical report Erens et al.

5
 
d
Response rates from 

online results for 2007ï2008 www.cdc.gov/nchs/nhanes/response_rates_CPS.htm  

  

  

http://www.cdc.gov/nchs/nhanes/response_rates_CPS.htm
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Figure 3-1a: Forest plot, estimates of chlamydia prevalence in women Ò 26 years 

in EU/EEA and other high-income countries 

Reproduced from Redmond SM, Kissling KA, Woodhall SC et al.
3
 For references, see Table 3-1 

above. 
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Figure 3-1b: Forest plot, estimates of chlamydia prevalence in men Ò 26 years in 

EU/EEA and other high-income countries.  

Reproduced from Redmond SM, Kissling KA, Woodhall SC et al.
3
 For references, see Table 3-1 

above. 

 
 
 

  

  
  

  
  

  
  

  
  

  

  
  

  
  
  

  
  
  

  

  
  










































































































































































































































































































































































































































































































