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Abstract

This context statement outlines my published research in three themes, adapted from the
ten criteria for screening established by Wilson and Jungner (1968): Qhlamydia tradhomatis as

a public health problem; implementation of large-scale chlamydia screening programmes;
and monitoring and evaluation of chlamydia screening programmes, These themes are
supported by seven published papers quantifying the epidemiology of chlamydial infection
in several populations; descnbing the development, implementation and first year results of

a national chlamydia screening programme; and demonstrating four methods of
evaluation— assessment of screening critenia, use of positivity to measure disease changes
in the population, clinical audits of provider adherence to screening guidelines, and fiscal

analysis of costs through economic modelling.

My research utilised a diverse set of study designs and methodological approaches: a)

confirmatory studies of previously published research; b) cross-sectional studies with
diffening levels of statistical sophistication; ¢) clinical policy review using questionnaires to

health care providers; d) economic modelling of budget expenditures, and decision-tree and
sensitivity analyses; and e) an evaluation of a chlamydia screening programme combining
retrospective cross-sectional analysis and multivaniate logistic regression with sensitivity and

efficiency analyses.

My research has revealed significant levels of chlamydia morbidity in a varety of
populations and settings in the United States and United Kingdom and has demonstrated
consistently increasing trends in rates of diagnosed chlamydial infections among

genitounnary medicine (GUM) clinic attenders 1n the UK. These data suggest that
chlamydial infection is a prevalent disease in both countries and contributes to a significant

global public health problem. I have examined the genesis of a new national chlamydia



screening programme in the UK, and have shown the continued feasibility and

acceptability of chlamydia screening, affirmed that screening in high prevalence populations
is a successful strategy for disease detection, and improved our understanding of the sexual
behaviours that continue to drive this epidemic. My evaluation of the longest running
chlamydia screening programme in the US has illustrated the value of periodic assessments

in screening protocols and lead to the revision in selection criteria for women screened in

the north western US. I have found utility in a varety of methods to monitor and evaluate
chlamydia screening programmes. The application of sensitivity and efficiency thresholds

to sets of screening crtenia proved useful in evaluating critena performance and increasing
criteria efficiency. Using chlamydia test positivity as a surrogate measure for prevalence
could adequately measure programme impact for the National Chlamydia Screening
Programme in England, Clinical audits of service providers regarding published guidelines
for chlamydia screening in termination of pregnancy services demonstrated practice
vanation for chlamydia screening in these settings and suggested harmonisation of
guidelines to increase adherence. Finally, my research of screening programme costs using
economic models proved a useful tool to explore the average costs of screening and
vanations in estimates as local programmes revise their implementation and operational
structure for chlamydia screening, and recommends this method be used to inform
resource allocation for future phases of the National Chlamydia Screening Programme in

England.



Chapter 1
Introduction

This context statement summarises my research in defining the epidemiology and public
health significance of Chlamydia tradhoratis infection, developing and implementing new
screening initiatives, and monitonng and evaluating existing chlamydia screening
programmes, Large-scale chlamydia screening programmes began in Sweden and the US in
the 1980’s. At that time, the evidence for the magnitude and the consequences of
chlamydial infection was building. Multiple studies of infertility (Cates 1984; Mabey,
Ogbaselassie, Robertson, Heckels and Ward 1985; Tjiam ez 2/ 1985; Robertson, Ward,
Conway and Caul 1987; Miettienen, Heinonen, Teisala, Hakkarainen and Punnonen 1990),
ectopic pregnancy (Chow et al 1990) and pelvic intlammatory disease (PID) (Mardh, Ripa,

Svensson and Westrom 1977; Moller, Mardh, Ahrons, and Nussler 1981; DeMuylder et 4l.
1990; Westrom, Joe;oef, Rynolds, Hagud and Thompson 1992) were concluding that this
bacteria was a prime suspect in the aetiology of these conditions. Given the potential
devastating consequences to women, research began to focus on how to intervene. The
initial detection method for C. tradhormutis was cell culture, difficult to perform accurately
and requiring a high level of skill in the laboratory (Stamm 1999). The populations infected

seemed to be diverse, at least from the small epidemiologic studies thus concluded

(McCormack ez al. 1979), but focusing on those at high nsk of other sexually transmitted

diseases seemed most logical.

Sweden was the first country to organize at the national level to use targeted chlamydia
screening for those at high nisk as a disease control strategy, as well as an approach to
reduce the occurrences of PID. In Sweden, the programme targeted routine chlamydia
testing in conjunction with genital examinations already performed at sexual health clinics.

This approach was nattonally implemented across the network of health care settings



providing these examinations (Herrmann and Egger 1995). In the US, the programme
targeted women attending sexually transmitted disease (STD) clinics (given the high nisk
sexual behaviours within this group) and women attending family planning clinics (focusing

on “infertility prevention”) through the use of selection critena (Handsfield ez o/ 1986).

Criteria that were found to be predictive of infection were aged 24 years or less, new sex
partner in the last two months, mucopurulent cervicitis, easily induced endocervical
bleeding, and use of no contraception or a non-barrier method (Handsfield et / 1986). The

US public health care system is divided into ten regions (numbered I, II, III, etc. to IX, and

X), and established a demonstration project for chlamydia screening in Region X (north

western US) to test the utility of selective screening as an approach for targeting women at

high risk for chlamydial infection. Even though the two strategies were organized and
implemented 1n different ways, both the US and the Swedish programmes experienced

appreciable decreases in chlamydia morbidity after three years of screening (Lossick et 4l

1990; Herrmann and Egger 1995). Sweden continued in this vein through the 1990’s and
the US expanded its programme across the other regions over the same time. Both
programmes began to be viewed as ‘models of success’ and several European cities started
to explore or implement chlamydia screening based on selecting “at risk” women, including
Aarhus 1n Denmark and Amsterdam in the Netherlands (Moeller, Andersen, Olesen, and
Ostergaard 2003; Westh and Kolmos 2003). In the Uﬁited Kingdom 1n 1998, a
government-sponsored investigation of whether a national screening programme for
chlamydia should be established concluded genital chlamydial infection met the Wilson-
Jungner critenia (Wilson and Jungner 1968) for a screening programme focusing on women

(Chief Medical Officer 1998).

However, given the depth of evidence, screening for chlamydia is still controversial. Many

unresolved questions remain, namely:

* Do we really know how much chlamydia is in the population?



¢ Who are the nght populations to screen: women, men, both or only young adults?
e Are the complications of infection as severe as we think?
* Does screening really decrease a woman’s chances of becoming infertile?

» Are our selection procedures for determining who is infected and our laboratory tests

for detecting the organism sufficiently accurate to not miss infections but also to not
classify someone as infected when they aren’t?

* Can we develop better diagnostics to improve the detection of infection?

* Does treatment really work and can it reverse the damage already done?

o Isthere a correct wayto offer screening: either dunng a gynaecological examination,
by invitation to attend a clinic, or through testing kits posted in the mail?

* Do we really know that screening saves money and can reduce the prevalence of this

infection in the population?

The findings of my research presented here examine the epidemiology of chlamydial
infection in several populatio;ls (LaMontagne, Fine and Marrazzo 2003; Brown et 4/ 2004),

summarise the development, implementation and first year results of a national chlamydia
screening programme (LaMontagne, Fenton, Randall, Anderson and Carter 2004b), and
demonstrate approaches for monitoring and evaluating chlamydia screening programmes
(LaMontagne, Patrick, Fine and Marrazzo 2004a; Adams et a/. 2004b; LaMontagne,
Pimenta, Fenton, Mallinson and'Hopwood 2004c; LaMontagne et al. 2005;). My research

has shown high levels of disease in male and female populations in two countries. In the

United States, we found prevalence among women from 4-7% and among men 5-18%,
depending upon the presence of symptoms. In England, chlamydia positivity in the first
year of the national screening programme was 10.1% and reported rates of diagnosed
infections from genitourinary medicine (GUM) clinics were 66 per 100,000 for men and
167 per 100,000 for women. I demonstrated how to implement a national chlamydia

screening programme and quantified the results of the first year, confirming previous



research on the risk factors for infection and ideal populations for screening. My research
presented in this context statement also examines several methods for monitoring and
evaluation chlamydia screening programmes, including assessment of selection critena,

measurement of sensitivity and efficiency of screening criteria, analysis of programme costs
for fiscal jurisprudence, use of chlamydia positivity as an accurate measure to monitor
reductions in disease in the screened population, as well as clinical audits of service

providers to ensure adherence to established guidelines.

Even though each of my seven published manuscripts included in this context statement
has a team of authors,’ my personal contribution requires explanation. I conceptualised and

designed four of the studies, including collection and collation of data, all statistical

analyses, data interpretation and principal authorship of the manuscripts: LaMontagne et 4/,

2003; LaMontagne et al. 2004a; LaMontagne et 4l 2004b; and LaMontagne et &l 2005. 1
collated, analysed, and interpreted existing data that was originally collected by the study’s

co-authors, and I was the principal author of the published manuscript for LaMontagne et
al. 2004c. I assisted in coglcepmanSMg the methods, collated data, assisted with data

analysis, and production and interpretation of results, and I also contrnibuted to writing the
manuscnpt and revisions for Adams et a/. 2004b. For Brown et al. 2004, I collated, analysed

and interpreted retrospective data, and provided substantive written comments on the

sexually transmitted infection (STI) trend data presented in the manuscript.

Protessional ethics were considered prior to each study. The infringement of patient
confidentiality and confirmation of patient consent is paramount in any clinical research.
Five of my studies consisted of previous collected surveillance data, where patient consent
was already received for the clinical service provided and information was disseminated to

patients regarding the reporting of de-identified (pseudo-anonymised) STI data to local or

* Co-author statements of my individual contribution to the research are on file at Middlesex University.



national health bodies with the mandate for the surveillance of STIs (LaMontagne et 4.
2003, 2004a, 2004b, 2005; and Brown et .. 2004). Because de-identified data were used in
accordance to the US or UK legal mandates, as appropniate, for handling routine STI
surveillance data, formal ethical approval for each study was not required. LaMontagne e
al. (2004c) was a policy review, surveying clinic managers; thus, no patient data were used
and ethical approval was not required. The cost analysis of chlamydia screening (Adams et

al. 2004b) also did not require an ethics review, as the study utilised previously consented

patient data in aggregate only, combined with publicly available health care cost data.

The research included in this context statement employed a diverse set of study designs and
methodological approaches. LaMontagne et al. (2005), was specifically designed to confirm
a previously published statistical method of adjusting test positivity estimates for the
measurement of prevalence to establish its accuracy and usefulness as a programme
monitoring tool for the National Chlamydia Screening Programme (NCSP) in England.
Cross-sectional techniques with differing levels of statistical sophistication were used for
the descriptive epidemiological studies of the trends in sexually transmitted infections
(S11s) 1n the United Kingdom (Brown et &/ 2004), asymptomatic chlamydial infection in
men (LaMontagne et /. 2003), and results from the first year of tile NCSP (LaMontagne et
al. 2004b). To assess chlamydia screening and treatment practice patterns among
termination of pregnancy providers, clinical policy review techniques using questionnaires

was employed (LaMontagne et 4. 2004c¢). In the study of the costs of operating an

opportunistic screening programme among 16-24 year old women, economic modelling of
budget expenditures matched with patient flow quantification in decision-tree and
sensitivity analyses was used to estimate the costs of screening tests and the components
that provided the greatest varability in those costs (Adams et /. 2004b). Lastly, I developed
a unique design for the evaluation of the screening programme in the north western U.S.

(Region X) that combined retrospective cross-sectional analysis and multivarate logistic



regression with sensitivity and efficiency analyses which resulted in a more robust

evaluation of selective screening criteria (LaMontagne et al. 2004a).

Taken in concert, these seven papers robustly contribute to the evidence that chlamydia
screening fulfils the criteria for public health intervention (Wilson and Jungner 1968). I
have further refined the epidemiology of chlamydia— the magnitude of the problem and
the factors most assoctated with infection. The most significant contribution being made to
the understanding of chlamydial infection in men. T have taken the best scientific evidence
available, as well as the best practice lessons learned from other programmes, to develop
and implement the first nationally coordinated chlamydia screening programme in England.

Finally, I have provided research evidence for monitoring and evaluating chlamydia

SCreening programines.



Chapter 2
Theoretical framework

I have used the cnitena developed in the 1960’s by Wilson and Jungner (1968) as the
theoretical framework of my research. The principles described in their manuscript
established the current model by which public health determines whether, when and how
to screen for disease. Over time, these criteria have been used 1n infectious disease control,

as well, to justify a screening response to a perceived threat to the population’s health.

Several examples are cited, including tuberculosis and cervical cancer (Wilson and Jungner

1968).

The criteria cover ten general concepts that seek to qualify and quanufy the clinical

intervention of early detection from both the patient’s and the provider’s perspective.

Firstly, the condition should be an important health problem. Importance can be relative,
but suggested evidence includes scope and magnitude of the disease, types of populations

affected, and the impact on both the individual with the disease, as well as the population

at large.

Secondly, the natural history of the condition, including development from latent to
declared disease, should be adequately understood. For certain conditions, natural history
studies have been possible, either in humans or appropnate animal models, especially if the
condition is new, eg, severe acute respiratory syndrome (SARS), or rare, eg, sickle cell
anaemia, or untreatable, eg, certain cancers prior to adequate therapeutic regimens. Given
modem medicine’s climate of studies involving human subjects, the focus on meeting these
criteria has been on the “adequacy” of our knowledge of the disease, rather than a

complete understanding of the entire natural history.
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Along with understanding the natural history, Wilson and Jungner (1968) argue that a

recognisable latent or early symptomatic stage of the disease 1s required for preventive
public health action— the third critenia. The goal of screening otherwise healthy

populations is to determine those who are infected and could develop disease
complications in the future (Friis and Sellers 2004). Basically, there is a need to halt the

(potentially) less harmful infection before it becomes a more significant disease.

The fourth and fifth crtena build of this concept of early detection. There needs to be a
suitable test for detecting who is infected and who is not. This relates to the ability of the
diagnostic test (or examination) to be sutficiently sensitive enough to detect the people
who really are infected (true positives) from those who are truly uninfected (true negatives);
thus the diagnostics need to have high sensitivity and high specificity. Fifth, this diagnostic
test/ examination needs to be acceptable to the population. Because screening targets

“apparently” healthy people, the potential harm (physical or psychological) of the

diagnostic test needs to be minimized for population acceptance.

There 1s potential to do more harm than good with a screening test if there are no facilities
for diagnosis and treatment, if the treatment 1s unacceptable (causes more harm than no
treatment) by either the population or the medical care providers, or if there is no
acceptable and agreed definition of who is a patient. In the sixth, seventh and eighth

criterta, Wilson and Jungner (1968) focus on the health care aspects of the screening
intervention. There must be an adequate service delivery infrastructure, either through

physical clinics/hospitals or networked outreach of health care personnel that can reach the
target population. Treatment that is costly, has severe side-effects, or is not efficacious
might be a deterrent to a population being screened. This might also make it difficult fora

coherent and clinically-sound treatment policy to be developed by health care providers.

Lastly, if there is no clear definition of who is patient, either in the selection procedure for
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screening or the interpretation of laboratory diagnostics, there is a potential that a person

who should have been treated will be missed and those who are not considered to be

infected will be treated unnecessanly:.

The costs of finding infections, ‘case-finding,’ in an otherwise healthy population must be
balanced with the expenditure for medical care. Costs include supplies, personnel,
establishing the screening programme, and on-going maintenance of the intervention
within the health care system. Additionally, there could be societal costs or long-term costs
in terms of loss of productivity by those undergoing diagnosis and treatment or medical
costs incurred from not detecting infection before disease or sequelae from disease are
experienced by the population. The total cost must balance the financial outlays required
for the screening intervention versus the potential expenditures required in the absence of

screening.

Lastly, Wilson and Jungner (1968) advocate for screening to be a continual process, as
single-occasion interventions may only hit a small proportion of the affected population or

only detects persons infected now, but not those who subsequently become infected.

RATIONALE FOR THEORETICAL FRAMEWORK

The concepts described in the Wilson-Jungner monograph are not oniginal; they have

origins in chronic disease prevention, shaped by earlier works in the 1950’s reported in the
Commission on Chronis Illness (1956-9) and by Chapman (1949), Moutin (1950), and
Smillie (1952). However, Wilson and Jungner were able to synthesise these earlier works
into a more digestible and comprehensive format, which has enabled the concepts to find a.
broader application in the field of infectious disease, Additionally, the work of Wilson and

Jungner has influenced epidemiologic methods (Mausner and Kramer 1985; Hennekens
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and Buring 1987; Friis and Sellers 2004) through an approach that can be applied regardless
of the “agent” causing disease, whether that is a bacteria, such as Qhlamydia tradborratis

causing pelvic inflammatory disease and infertility, a virus, such as hepatitis causing chronic
liver failure, or a condition, such as diet contributing to heart disease. Indeed, with the

grauitas of the World Health Organisation’s seal of approval, these criteria have been widely
used in programmes as diverse as diabetic retinopathy (Wilson and Jungner 1968), cervical

cancer (Hanselaar 2002), skin cancer/melanoma (Rampen, Neumann and Kiemeney 1992),

and newborn screening (Seymour et al. 1997).

Even though widely used, some have expressed concern that the critena are subjective

(Pollitt 1999) or contlict with evidence-based views (Seymour et 2/ 1997). Pollitt (1999) has

noted that qualitative descriptors in the criteria are difficult to define and measure. For
example, what is ‘important’ in determining the importance of the public health problem—
the very first criteria to be met according to Wilson and Junger. Importance could be based
on the magnitude of the disease or the magnitude of the consequences of the disease.
However, who determines the thresholds for these? Other words, such as ‘adequate’,
‘suitable’, ‘unacceptable’, and the like, are used throughout the criterta and could be biased
in measurement or interpretation (Pollitt 1999). These limitations suggest a more judicious

and cautious use of the Wilson and Jungner critena.

Despite these cnitiques, the cnitena developed in the 1960’s by Wilson and Junger find
application today. They provide a tool for scientists and public health practitioners in
developing programmes and policies for a wide-range of conditions affecting the health of

the population, including the review of evidence for newbom screening of in-born

metabolic disorders which criticised these very cnteria (Seymour et al. 1997). For example,
the Chief Medical Officer’s Expert Advisory Group (1998) structured their comprehensive

review of the evidence for chlamydia screening based on these cnitena. These ten criteria
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encompass broad themes within the field of chlamydia screening to facilitate review and
understanding of the current research evidence, as well as to explore gaps in our knowledge
that require further work. They can be used to provide a logical progression from

quantifying the problem to summarising approaches for resolution to evaluating the course

of action taken— these are the three themes of the research studies 1ncluded in this

statement.
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Chapter 3
Literature review

The principles of screening outlined in Wilson and Jungner’s sentinel work have implicitly
or explicitly guided the development of widespread chlamydia screening as a method of
secondary prevention for the control of this prevalent sexually transmitted infection.

Because of this, it is useful to review the literature following the logic and flow of the

Wilson and Jungner cntena.

PUBLICHEALTH IMPORTANCE

Ohlarmydia trachormatis 1s a prevalent and potentially devastating infection (Stamm 1999). The

scope and magnitude of this infection is adequately understood and quantified (Cates and

Wasserheit 1991). Groundbreaking research on the aetiology of tubal factor infertility
tllustrated the cntical role of chlamydial infection plays in this devastating sequelae. Cates
(1984) cites early research from Sweden that first suggested the link between chlamydial
infection and infertility, via pelvic inflammatory disease (PID), and encapsulates the

evidence to date to assert the causal pathway of infertility. Women with salpingitis and/or
PID have a 3-7 fold nsk of involuntary infertility (Cates 1984; Mardh et 4l. 1977).
Subsequent studies from 1985-1987 confirmed these early findings (Mabey et 4. 1985;
T)jiam et al. 1985; Robertson et 4. 1987). However, the exact mechanisms of the causal
pathway were yet to be elucidated. The intervening step of PID was found to be the
immediate consequence of untreated chlamydial infection. In a retrospective study of 166
women with acute PID, Moller (1981) found that 21% of cases had chlamydial organisms
cultured from the cervix, and at least 25% of additional acute PID was directly attributable

to infection with Myagplasmu harirds (another bacterium). Further research has confirmed

chlamydia as one cause of PID (DeMuylder er 4. 1990; Marks, Tideman, Estcourt, Berry,
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and Mindel 2000). Additionally, the etiologic role of chlamydial infection with ectopic

pregnancy has also been documented in several studies (Miettinen et 2. 1990; Chow et 4.

1990; Egger, Low, Smith, Lindblom, and Herrmann 1998; Cates 1999). Lastly, recent
evidence has come to light to suggest that Qblamydia tradhomatis infection is related to

ovarian cancer, cervical cancer, and male infertility (Ness, Goodman, Shen and Brunham
2003; Paavonen et al. 2003; Idahl, Boman, Kumlin and Olofsson 2004). This empirical

evidence confirms the seventy of the consequences of untreated chlamydial infection on

personal and public health.

The nsk of developing these sequelae can be assessed through measuring the burden of the

infection in various populations. Prevalence studies have been undertaken to estimate the
magnitude of infection and project proportions that may suffer sequelae. In an early study,

McCormack ez 4l. (1979) tound nearly 5% of female college students in the US were

infected. A review of the literature on the prevalence of infection among European women

by Wilson et al. (2002) showed levels of infection from 1% (2,494 Spanish women ages 15-
35) to 17% (306 French women ages 15-55), depending upon the population under study.
A meta-analysis of prevalence studies from the United Kingdom by Adams and colleagues

(2004a) found a consistent 9% prevalence among women attending family planning clinics.

Prevalence estimates have vaned considerably depending upon the sampling frame, which
iIs not surprising because various sampling methods select different populations. For

example, population-based household probability samples drawn from the general adult
aged population have tended to find a lower prevalence of infection than clinic-based

samples, eg, in China female prevalence was 2.6% (Parish et al. 2003), 1n the US prevalence
among women ranged from 2.3% in white non-Hispanics to 7.5% among non-Hispanic
black women (Mertz et al. 1998), in Slovenia 4.1% in women 18-24 years old (Klavs,

Rodrigues, Wellings, Kese and Hayes 2004), in the United Kingdom the National Survey of
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Attitudes and Sexual Lifestyle found 3% among adult women (Fenton et 2/ 2001), and in

Nadu, India a prevalence of 3.3% among 15-45 year old women was reported (Joyee et 4/.
2004). Clinic-based estimates of prevalence in England have found 1 in 10 young women
infected (Pimenta et al. 2003b). Other researchers have confirmed similar levels of infection
in various female populations, depending upon setting, laboratory test methods, and age of

the population sampled (Gerbase, Rowley, Heymann, Berkeley and Piot 1998; Skjeldestad,

Nordbo and Hadgu 1997; Simms et 4. 1997; Hiltunen-Back, Hatkala, Kautiainen, Paavonen

and Reunala 2001; Richardson E et al. 2003).

Among men, the estimates of the burden of chlamydial infection have also varied; these are

also dependent upon the population sampled, age of the men, presence of symptoms, type
of specimen tested, and laboratory test method (Hart 1993; Sutton, Martinko, Hale and
Fairchok 2003; Ku et 4/ 2002; Aronson and Phillips 1993; Gunn et 2. 1998; Oh et al. 1994;
Johnson, Neas, Parker, Fortenberry and Cowan 1993; Ciemins et 4l 2000; LaMontagne et 4/.

2003; LaMontagne et 4. 2004b). Among male military populations in three different

countnes, prevalence was 4.6% in Denmark (van den Brule ez 2/ 2002), 5.3% in the US
(Cecil et al. 2001), and 9.8% in Scotland (McKay, Clery, Carrick- Anderson, Hollis and Scott
2003). Marrazzo et al. (2001) found a sumilar level of infection, 5.5%, among asymptomatic
men attending sexually transmitted disease clinics in Seattle (US) tested via urine samples.

High prevalence of infection in both male and female populations coupled with significant

reproductive health consequences of untreated infection demonstrate that genital

chlamydial infection is an important public health problem.

NATURAL HISTORY

Animal models and quasi-natural history studies of infertility have facilitated our

understanding of the natural history of genital chlamydial infection (Patton, Wolner-
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Hanssen, Cosgrove and Holmes 1990; Cates 1984; Miettinen et al. 1990; Westrom et 4.

1992). DeMuylder e /. (1990) showed that untreated lower genital tract infection in
women leads to upper genital tract infection, which manifests itself as PID. It is estimated
that PID causes up to 47% of all ectopic pregnancies and 20% of cases of tubal factor
infertility (Stamm 1999). In men, the consequences of infection seem to be less severe, but
can include urethnitis, epididymitis, and Reiter’s syndrome (Cates and Wasserheit 1991);

and recently, infection has been implicated in male infertility through damage to viable

semen (Idahl e al. 2004). The precise understanding of the exact pathogensis of genital
chlamydsal infection in both men and women is not fully known; however, the knowledge

base 1s sufficient enough for our adequate understanding of the natural history (Stamm

1999).

ASYMPTOMATIC STAGE

There 1s a recognizable latent or asymptomatic stage of the infection prior to disease (or
sequelae) manifestation, which would lend itself to early detection prior to adverse
consequences. Seventy percent of infected women are estimated to experience no or very
mild symptoms (Cates and Wasserheit 1991). In men, chlamydial infection seems to be
more symptomatic, about 50% of men will develop symptoms if infected (Stamm 1999).
Symptoms suggestive of infection include dysuria (pain in unnation), abnormal penile or
vaginal discharge, abdominal pain (in women), and irregular or intermenstrual bleeding (in
women), and can present three to fourteen days after exposure (Stamm 1999). Stamm
(1999) suggested that people infected at younger ages are more likely to experience muld
symptoms. Because symptoms generally encourage people to seek medical attention, a

disease with high frequency of symptom development among infected persons is not
considered a good candidate for screening. The goal of screening is to detect unrecognised

disease in a population of apparently healthy people and sort those with disease from those
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without (Mausner and Kramer 1985). Thus, for chlamydia, especially among infected
women, 70% of the infected population seemingly “apparently well,” i.e., asymptomatic,

provides a good case for screening.
DIAGNOSTIC TESTS

As previously stated, the chlamydia bacteria has been difficult to grow in cell culture (Black
1997; CDC 2002). However, since its recognition as a potentially debilitating infection for
women, advances in laboratory detection of the organism in clinical samples, such as
cervical or urethral swabs, have intensified to make laboratory diagnosis easier and more
sensitive. In the 1970’ direct fluorescence assays were the standard (CDC2002). In the
1980’s more sensitive enzyme immunoassays (EIA or ELISA) became commonly used

(CDC 2002; Watson et al. 2002). However, those tests had sensitivities of 80% at best.

Currently, the best tests available utilize techniques that amplify DNA. Called nucleic acid

amplification tests (INAATS), these new diagnostics have shown sensitivities as high as 95%
and specificities approaching 100% ( Newhall ez al. 1999; Johnson et /. 2000; Cheng,
Macaluso, Vermund, and Hook 2001; Battle et /. 2001; Verkooyen, Peeter, van Rijsoort-

Vos, van der Meijden and Mouton 2002; Ostergaard 2002; Chemesky 2002; Stary 2002;
Semeniuk, Zentnerr, Read and Church 2002; Verkooyen et /. 2003; Koumans et 4/, 2003).
Even though ranges of sensitivity from 49-100% have been reported by Ostergaard (2002),
a meta-analysis by Watson er 4/ (2002) demonstrated a mean sensitivity for two NAA tests

of 87-94% (depending upon sample type). When implemented in non-research laboratory

environments, estimates of 90% sensitivity and 99.5% specificity are considered more

realistic (Schachter 1999; Schachter 2001).

Another significant development in diagnostics, which has not only enhanced the

justification for screening for chlamydia but has also made it easier, is the use of non-
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invasive specimens (Knox et @/ 2002; Sylvan et al. 2002; Zenilman, Miller, Gaydos, Rogers

and Tumer 2003). In the early years, detection was only available from a urethral or cervical
specimen; the latter requiring women to undergo a full pelvic examination with

visualisation of the cervix. The current laboratory methods can be deployed on urine
samples (for both men and women) or self-collected vulva-vaginal swabs, without
sacrificing the sensitivity or specificity of the laboratory test (Stary, Najim, and Lee 1997;

Rompalo et al. 2001; Hseih ef al. 2003; Shafer et al 2003; Schachter et al. 2003). Studies have

also demonstrated that pooling non-invasive samples can reduce costs without reducing the

sensitivity or specificity of the test method (Clark et 4/ 2001).

ACCEPTABILITY OF TESTS

The newer diagnostic methods have been welcomed by populations being screened (Serlin

et al. 2002; Hsieh et al. 2003; Lane et al. 2003; Gotz et 4l. 2003). Lane et al. (2003) found that

76% of women preferred to collect their own sample via a vulva-vaginal swab, and Gotz &
al. (2003) showed that home-testing for chlamydia was acceptable— 84% of responders to a

survey of home-testing agreed to send a urine sample from home. In health care settings,
especially genitourinary medicine (GUM) or sexually transmitted disease (STD) clinics,
internal examinations for both men and women are standard, as a battery of tests are
performed, requiring. multiple clinical samples to be collected (Clinical Effectiveness
Workgroup 2002). Thus, in the context of a routine diagnostic work-up, the acquisition of
a cervical or urethral specimen has not been controversial. However, that does not make
them any less comfortable. As screening needs to reach to those who are apparently well,
i.e., those not experiencing genital symptoms that would prompt them to seeka GUM or
STD clinic, the acceptability of the test becomes more important (CDC 2002). The advent
of more sensitive laboratory test methods (NAATS) has increased the range of clinical

specimens that can be used for testing, including non-invasive specimens such as urine and
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self-taken vaginal swabs. This development has allowed screening to expand beyond the
confines of health care facilities (Garrow, Smith, and Harmett 2002). Studies investigating
the potential psychological or emotional ‘harm’ from chlamydia screening have not
demonstrated severe consequences of providing a urine or vaginal specimen (Lane et 4.

2003; Gotz et al. 2003). Indeed, screening studies have largely utilized non-invasive samples

for the very reason that they are more acceptable to the target population (Serlin ez 2. 2002;

Hsieh et al. 2003).

FACILITIES FOR DIAGNOSIS AND TREATMENT

Health care systems in industnialised nations are fortunate enough to have sophisticated

networks of hospitals and clinics to provide facilities for the provision of diagnostic tests to
populations screened and necessary treatment to those infected. Large networks of
specialist clinics, GUM in Europe and STD in the US, are available specifically for the
diagnosis and treatment of sexually transmutted infections (STIs). Increasingly, other health
care delivery networks focused on women’s health services, such as family planning and
contraception clinics, have expanded services to include the provision of screening for
STIs. These systems are financed through public funds in European countries but through
private insurance in the United States, Even though the financing of health care is ditferent
between the two systems, Levine, Dicker, Devine and Mosure (2004) found that the
chlamydia screening programme in the US. has been able to achieve higher screening

coverage of the at-risk population (60%), than the 50% coverage recentlyachieved in a
pilot of opportunistic screening in England (Pimenta et 4. 2003a) or nearly 30% uptake in
the Danish pilot of postal screening through population registries (van Bergen et al. 2005).
This suggests that, despite differing funding schemes, uptake of chlamydia screeming can

achieve similar levels.
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TREATMENT EFFICACY AND ACCEPTANCE

Wilson and Jungner (1968, p27-8) argue that this is the most important criterion to be met

prior to initiating screening. “[I}t is clearly vital to determine... whether a better prognosis is
given by treating conditions found at an earlier stage... Unless this is so, there can be no
advantage to the patient.” Studies exploring the pathogenesis and sequelae of chlamydial
infection in women have shown that the earlier an infection is treated the less likely that
infection s to ascend or cause further complications (Honey and Templeton 2002). Other

studies have additionally found that a woman’s chance of developing PID increase

exponentially with repeated untreated infections, providing additional evidence that the
earlier the treatment, the better (Hillis, Owens, Marchbanks, Amsterdam and Mac Kenzie
1997). However, the treatment should not cause harm. Therefore, toxicity of therapeutic
regimens for chlamydial infection needs to be minimal. Studies of doxycycline and
azithromycin, the two most commonly prescribed antibiotics for chlamydial infection

(CDC 2002; Clinical Effectiveness Workgroup 2002) have shown high tolerance among

infected persons (Lau and Qureshi 2002). Safe, effective and easy therapy has facilitated

treatment compliance and acceptability by patients (Martin et al. 1992).
DEFINING THE POPULATION

Screening targets healthy individuals to detect persons who might be infected. Crtical to
sorting out potentially diseased persons (true positives) from those without disease (true

negatives) is the selection procedure for categonzing the healthy population for whom the
screening intervention is designed (Hennekens and Buring 1987; Fris and Sellers 2004).
This selection process operates on two levels: the population and the screening test. At the
population level, the selection process must be sensitive enough to capture persons most

likely to be infected, while not over-screening those who are not. And once the screening
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population is selected, then the screening test must also do the same procedure, this time
through the laboratory methods employed. In both cases, the ideal is to have a high
positive predictive value with both the selection of the population to be screened, and the

determination of the infected population within those screened (Mausner and K ramer

1985).

A vast array of research on chlamydia has focused on determining the approprate
population for screening, as the infection is highly asymptomatic. The most notable being

the studies by Orr et al. 1994; Mosure, Berman, Kleinbaum and Halloran 1996; Mosure et

al. 1997; Burstein et al. 1998; Richey, MacAluso, and Hook 1999; the Unites States

Preventive Services Task Force 2001; Mardh 2002; Sipkin, Gillam, and Bisset Grady 2003;
and Williams, Tabnzi, Lee, Kovnes and Garland 2003. Various locations for screening have

also been advocated, including family planning clinics (Handsfield et @/ 1986) and primary

care and general practices (Stmms, Hopwood, Mallinson, Rogers, and Webb 2000;
Verhoeven et al, 2003). Ford, Viadro and Miller (2004) provide a summary of screening
practices in non-clinical locations in the US and Europe and conclude that schools and

home testing are viable places for screening and ease is facilitated by the use of non-

invasive specimen collection.

Specific at-nsk populations have been selected using screening critenia to ensure the
maximum likelthood of finding asymptomatic cases for early treatment. Handsfield et a/
(1986) were one of the first to research this aspect of chlamydia screening and concluded
that using age, clinical symptoms and signs, and sexual risk behaviour for women
undergoing pelvic examinations in famuly planning clinics was a sensitive method to detect

infections. Other studies, notably by Marrazzo, Fine, Celum, DeLisle and Handstield
(1997a), Howell, Quinn, Brathwaite and Gaydos (1998a), Miller ez 2. (2000), and Paukku et
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al. (2003), have demonstrated the consistent performance of selection criteria in screening

programmes targeting women.

The microbiological aspects of determining chlamydia-infected persons from non-infected

persons has undergone the most remarkable transformation over the last decade with the

development of highly sensitive and specific laboratory methods using new techniques
targeting chlamydial antigen DNA (CDC 2002). These new methods also allow for non-

invasive specimens, such as urine, to be used, thus improving the possibility of test
acceptance to the population targeted for chlamydia screening (Stephenson et al. 2000;
Andersen, Ostergaard, Moller and Olesen 2001; Andersen, Olesen, Moller and Ostergaard
2002). In a unique study by Novak, Edman, Jonsson and Karlsson (2003), the internet was
utilized for notification of results after an invitation of home-based urine testing was
accepted. Novak et 4/, (2003) found that 38.5% of young men aged 22 years accepted
testing. In both selecting the appropniate population for screening and having the ability to
detect the infection within that screened population, the goal is to maximize finding those
who need treatment while minimizing missing infections (not screening those who should

be) and over-treating persons not infected. Striking this balance has been one of the most

challenging of the Wilson-Jungner cntena to meet.

COSTS OF SCREENING

Estimating the economic benefits of chlamydia screening has been particularly ditficult,
principally because if a programme is not in operation, acquiring exact figures of how much
the programme costs will be imprecise, Initially, programmes in the US were not
established based on their c05t-e-ffectiveness. Only after several years of screening was a

rigorous cost-effectiveness study performed; Marrazzo et al. (1997b) confirmed that indeed
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the costs of the sequelae were greater than the costs of the screening intervention, given

the prevalence of infection and population selected for screening,

There have been additional cost-effectiveness and cost-benefit analyses of chlamydia

screening performed and have concluded that the benetits outweigh the costs and cost-
effectiveness can be reached in a few years (Kretzschmar, van Duynhoven, and Severijnen
1996; Paavonen, Puolakkainen, Paukku and Sintonen 1998; Howell, Quinn and Gaydos
1998; Welte ez al. 2000; K retzschmar, Welte, van den Hoek and Postma 2001; Honey et al.

2002). In assessing the cost-effectiveness of an opportunistic screening programme in
England, targeting annual screening for women 16-20 years of age and biennial screening

for women 21-24 years of age, Townsend and Turner (2000) concluded that cost-

effectiveness would be achieved after four years of high volume screening,

The conditions for which screening becomes cost-etfective have recently been put to
scrutiny and include such things as: baseline prevalence of the target population, definition

of the target population, uptake and coverage of screening by the target population,
estimates of the preventable sequelae of chlamydial infection such as PID, ectopic

pregnancy and infertility, economic costs of immediate and future sequelae, and the soctal
costs (psychological and emotional impact) of this public health intervention. Many of
these conditions are either ill-defined or difficult to measure (Washington, Amo, and
Brooks 1986; van Valkengoed et al. 2004), thus complicating the accuracy of the cost-

effectiveness evaluation and the mathematical methods employed in such an evaluation.

SUSTAINABILITY

The transmission dynamics of sexually transmitted infections are such that their continued

maintenance in the population is a result of three factors: the biological aspects of the
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organism and host (virulence, infectiousness, inherent susceptibility and immune response);
the behaviours of the host (rapidity and/or frequency of changing sex partners and types of
sex partners); and the duration of infectiousness (asymptomatic infections, health care

seeking behaviours of the host, clinical infrastructure for diagnosis and treatment). If any

one of the components in this cycle breaks down, previously treated persons can rejoin the

pool of susceptible persons in the population, continuing the transmission cycle (Gamett

and Anderson 1996).

Wilson and Jungner (1968) advocate that, if started, screening should be continuous.
However, the challenge for chlamydia screening has been that in order to build the
evidence that screening is beneficial (reduction in morbidity and sequelae) and cost-

effective (saves more than spent), the programme must be in operation for a number of
years. In the United Kingdom it has been difficult to gamer the funds necessary to invest in
such a programme, given the scope required to make an impact in the transmission
dynamic for this sexually transmitted infection, in part because there is constant movement
of the population coming into the risk pool (beginning sexual activity or changing sex

partners or recently treated patients returning to sexual relations with an untreated partner).

Programmes in Sweden and the US did not see appreciable reductions in the prevalence of
infection until several years of aggressive screening (Lossick ez 4. 1990; Herrmann and
Egger 1995; Mentz, Levine, Mosure, Berman and Donan 1997), and in an assessment of

routine testing activities for chlamydia over five years in Copenhagen by Westh and
Kolmos (2003), chlamydia prevalence ranged from 3.6% in 1995 to 4.3% in 1999 with an

estimate of nearly 20% of the 15-49 year old female population screened at least once in
the penod. However, there are now two randomised controlled trials of chlamydia
screening that demonstrate a 50% reduction in incidence PID cases after one year (Scholes

et al. 1996; Ostergaard, Andersen, Moeller and Olesen 2000). A systematic review of the



evidence by Honey and Templeton (2002) also concluded that PID can be prevented

through controlling chlamydial infections in women.

26
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Chapter 4
Contribution to knowledge

My contrbution to the knowledge base for chlamydia screening is reviewed in this chapter.
I follow three basic themes: 1) defining the epidemiology and public health significance of
Ohlarmydia tradhoratis infection, 2) developing and implementing new screening initiatives,
and 3) monitonng and evaluating existing chlamydia screening programmes. As will be
demonstrated, my research has increased our understanding of the public health
importance of chlamydial infection, the nature of asymptomatic infection, and definitions
of appropnate populations for screening— three key critena for intervention; all of which

combine to further refine the epidemiology of this infection. My research demonstrates the

establishment of the new National Chlamydia Screening Programme in England, which is
built upon the entire body of evidence and has been shown to meet the Wilson and

Jungner critenia (CMO 1998). I will conclude with how my other body of research can be

used to facilitate monitoring and evaluation of already established chlamydia screening

programunes.

The manuscripts discussed in this section are grouped accordingly (see Appendix 2 for the

published manuscripts).

o Chlamydia trachomatis as an important public health problem

1. Brown, A.E., Sadler, K.E., Tomkins, S.E., McGarrigle, CA., LaMontagne, D.S.,
Goldberg, D., Tookey, P., Smyth, B., Thomas, D., Murphy, G, Parry, ].V., Evans,
B., Gill, O.N,, Ncube, F. & Fenton, K.A. (2004). ‘Recent trends in HIV and other
STIs in the United Kingdom: data to the end of 2002’ Sexually Transmitted
Infections. 80, (3), p.159-166. -

2. LaMontagne, D.S., Fine, D.N. & Marrazzo, ] M. (2003). ‘Qhlamydia tradsoratis
infection in asymptomatic men’. American Journal of Preventive Medicine. 24, (1),

p.36-42.

* Implementing large-scale chlamydia screening programmes

3. LaMontagne, D.S., Fenton, K.A., Randall, S., Anderson, S. & Carter, P. (2004b).
‘Establishing the national chlamydia screening programme in England: results from

the first full year of screening’. Sexually Transmitted Infections. 80, (5), p.335-341.
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* Monitoring and evaluating chlamydia screening programmes

4. LaMontagne, D.S., Patrick, L.E., Fine, D.N. & Marrazzo, ]. M. (2004a). ‘Re-
evaluating selective screening criteria for chlamydial infection among women in the
US. Pacific Northwest’. Sexually Transmitted Diseases. 31, (5), p.283-289.

5. LaMontagne, D.S., Fenton, K.A., Pimenta, J M., Gatchpole, M., Rogers, P.A.,
Randall, S., Hewitt, W.G., Mallinson, H., Underhill, G.S., McLean, L., Gleave, T.,
Harindra, V., Ghosh, A.K. & and Tobin, JM. (2005). ‘Using chlamydia positivity to -

estimate prevalence: evidence from the chlamydia screening pilot in England’.

International Joumnal of STD and AIDS. 16, (4), p.323-327.

6. Adams, EJ., LaMontagne, D.S,, Johnston, A.R., Pimenta, J.M., Fenton, K.A. &
Edmunds W.J. (2004b). Mode]lmg the health care costs of an opportunistic

chlamgdla screening programme’, Sexually Transmitted Infections. 80, (5), p.363-
370,

7. LaMontagne, D.S., Pimenta, ].M., Fenton, K.A., Mallinson, F. & Hopwood, J.
(2004¢). ‘Management of genital chlamydial infections at termination of pregnancy
services in England and Wales ~ where are we now?’, BJOG: an Intemational

[ournal of Obstetrics and Gynaecology. 111, (12), p.1408-1412.

CHLAMYDIA TRACHOMATIS AS AN IMPORTANT PUBLIC HEALTH PROBLEM

lanndial tracdhamatis infection and other STIs in the UK

Contextualising the parallel epidemics of sexually transmitted infections and HIV in the
United Kingdom has become critically important in recent years as the government has
made specific action plans towards improving the sexual health of the population

(Department of Health 2001). To that end, it is important to inform the policy makers,

health care community and general population of the recent trends in diseases contnbuting

to sexual ill-health. A detailed understanding of the epidemiology of various STIs,
particularly chlamydial infection, can also provide baseline data for compansons of
programme impact, as the government increases its prevention activities through the

phased implementation of the National Chlamydia Screening Programme.,

In a cross-sectional descriptive study, I collaboratively investigated STI and HIV trend data

from 2002 as reported in the major surveillance systems at national communicable disease
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surveillance centres in the UK (Brown et al 2004). Specifically for STI trend data,

diagnosed cases of chlamydia, gonorrhoea, genital warts, herpes, and infectious syphilis
among GUM clinic attenders reported on the aggregate KG60 statutory return in the UK
were analysed. I also utilized enhanced surveillance data from two new initiatives, enhanced

syphilis surveillance and the Gonorrhoea Resistance to Antimicrobials Surveillance Project

(GRASP), to further characterise populations infected with infectious syphilis or Neisseriz
gononoede.

Continuing nises in most STIs, except gonorrhoea, and HIV were found across key
populations. Genital chlamydial infection rose by 103% from 1997 to 2002, and continued
to be the most commonly reported sexually transmitted infection in the UK. Chlamydial
infection s particularly high among young women with rates of diagnosis among 16-24
year olds as high as 1,135 per 100,000 population. The highest rate of diagnosis among
men, 842 per 100,000, was obseyved in those 20-24 years of age. The importance of these

preventable infections to populations at highest nisk, especially young people, gay men, and
black and ethnic minonties was highlighted in this summary of the STI trends in the UK.
These populations continue to be the most affected. Estimates of rates of disease among
gay men showed increasing diagnoses since 1999, with appreciable increases in the last two
years. Young people accounted for over half of all STIs and 10% of new HIV diagnoses in

2002; women aged 16-24 accounted for 72% of all female chlamydia diagnoses from GUM
clinics; and black ethnic minonties, mainly black Caribbeans, accounted for a staggenng

55% of heterosexual male and 44% of heterosexual femnale gonorrhoea cases reported in

2002.

This study of the trends in STIs and HIV in the UK has strengthened our understanding of
the burden of disease in the population and has been important in quantifying the scope of

these epidemics. This work was particularly important in light of the govemment’s strategy
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to address this significant health problem. The Department of Health’s National Strategy for

Sexual Health and HIV (2001) outlines key targets for the prevention and control of sexually
transmitted infections and HIV, and has included recently funded initiatives, such as the
modemisation of GUM services and laboratory networks and the implementation of a
national chlamydia screening programme. Periodic assessment of the surveillance data for
STIs and HIV will be cntical in measuring whether the increase in funding has had an
impact on the govenment targets for sexual health as well as improvements in the control

of these infections in the population.

Chlamydial infection in men

Charactenisation of chlamydial infection as a public health 1ssue can only be done through

studies quantifying the magnitude of the problem within the population and the

ramifications if left untreated. There has been an enormous amount of research on
chlamydia in female populations, principally because the greatest burden for sequelae of
infection falls within this .group. PID, ectopic pregnancy, salpingitis, and tubal factor
infertility are severe consequences of infection in women. However, the epidemiology of

chlamydial infection in men was less well characterised.

Stamm (1999) has summarised the knowledge to date concluding that urethritis and dysuna
are common among infected men and a small proportion of untreated infections can
advance to Reiter’s syndrome, but on the whole, the seventy of disease among men 1s less
significant. A strong argument can be made for understanding the burden of infection

among men as they are the primary transmitters of infection to women (Gamett and

Anderson 1996). Failure to identify asymptomatic infections in men might allow for the
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maintenance of a reservoir of untreated infection that might hinder efforts to decrease the

incidence among women.

Previous studies of chlamydia, especially in asymptomatic male populations, had been

hampered by relatively small sample sizes (Braverman, Biro, Brunner, Gilchrist and Rauh
1990; Domentka, Bassin and Mardh 1994; Moncada et . 1994). In the north westem

region of the US (Region X), chlamydia screening of women has been routine since 1988.
The universal testing of men attending STD clinics within this region was standard clinical
practice and utilised the same data collection instrument employed in the chlamydia
screening programme for women. This data source provided an oppottunity to design a
study that could help characterise the epidemiology of chlamydial infection in men. My
research questions were three-fold: 1) how much chlamydial infection is in the male

population?; 2) what is the level of asymptomatic infection in men?; and 3) can this

evidence be used to develop screening initiatives to target men?

I designed a retrospective cross-sectional epidemiologic study of men attending STD clinics

who were tested for chlamydia (LaMontagne et @. 2003). I analysed data from 43,094 men
universally tested from 1997-1999 at 103 STD clinics and assessed age-specific prevalence
of chlamydial infection, controlling for signs of infection and report of contact to a person

with an STD.

Overall prevalence of chlamydial infection in men was 10.3% and varied by age: 16.2% in
men under 18 years old, 18.3% in men aged 18-19 years, 14.5% among 20-24 year olds,

10.1% among 25-29 year old men, and 4.8% in men over the age of 29 years. This is stmilar
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to the 11.0% prevalence found by Ciemins et @/, (2000) at the STD clinic in San Francisco.

Marrazzo et al. (2001) found men under 25 years of age were three times more likely to test
positive than those 25 years and older, and the prevalence among 19-20 year old
asymptomatic men was 10.4%. In this study, peak prevalence among asymptomatic men,

7.3%, was at 18-19 years of age, and these men were nearly five times as likely as men aged

over 29 to test positive for chlamydia. For asymptomatic male populations, no other

demographic or behavioural nisk factor was more strongly associated with infection than

age.

In addition to age, prevalence was correlated with the presence of clinical signs suggestive

of infection, principally urethnitis, and exposure to infection from known sexual contact

with an infected partner. Over 75% of all men tested had no signs of infection upon
examination, however, over 70% of men who tested positive for chlamydia had clinical
signs of infection. Men without either signs of infection or a history of contact with an

infected partner had a prevalence of 3.4%, but contributed to over two-thirds of all men

tested for chlamydia at STD clinics.

In focusing on clinician assessed signs in conjunction with sexual exposure to someone
known to be infected, I found gradients of prevalence among all age groups of men. In
each age strata, men with signs of infection who had contact with someone infected had

the highest prevalence. For example, among 18-19 year old men, 62% of those with signs

and contact to someone infected tested positive for chlamydia, compared to only 7.3% of

men without these factors. Among men over 29 years of age, prevalence was 31.1% in the
signs/contact group and 1.6% in those without. Clinician-assessed signs and exposure to

persons known to be infected were highly correlated wath intection. Efforts to detect those
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men most likely to be infected could be enhanced through utilising signs and exposure,

combined with age, regardless of seeking care at an STD clinic. These data raise the

question of whether certain groups of men without signs should be tested routinely by
virtue of their attendance in the STD clinic. The 3™ US Preventive Services Task Force

(2001) concluded that there was no strong evidence for selective screening strategies

among asymptomatic males. These findings question the standard approach of testing all

male STD attenders for chlamydial infection, especially when resources in publicly funded

clinics 1n the US are scarce.

While this study did not specifically address the cost-effectiveness of such approaches, the
data do suggest that testing men with no signs in an STD clinic could certainly be made
more efficient by reducing testing in subgroups unlikely to be infected. For example, if only

the men in this study with signs, contact to infected partner, or those under 25 years of age
had been tested over the study period, 58% of our subjects would have been tested and
91% of all positives would have been detected. Miller et a! (2000) suggested that this
approach would be both sensitive and efficient, and similar selective screening approaches

are currently employed among female populations (Marrazzo et al. 1997b). This results

from this study suggest that screening criteria could be developed for use in STD clinics to

select men to test for chlamydial infection.

This study used a robust data set on a large population of men tested over three years,
which was a significant improvement in sample size over previous studies of the
epidemiology of infection among men. Additionally, I uniquely quantified the role of

clinical signs, rather than symptoms, and exposure to disease in the epidemiology of

chlamydia among men. This was important in the STD setting, as clinical protocol dictated
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full genital examinations as the standard of care for all attenders. The results from this
study suggest that in the context of an existing clinical examination, signs could be highly
predictive of infection in men. Other published studies at the time of my study had not

been able to tease out the different contnibutions of signs in relation to sexual contact with

a known infected partner, client age and sexual behaviour to predict infection among men.

A result from this study of asymptomatic chlamydial infection in men was the lower
prevalence of chlamydia found among men who reported sex with men (MSM), 7.3%,
versus men who reported sex with women (MSW), 10.8%. At that time, studies of STIs
among MSM focused on STD clinic populations and were reporting increasing STI rates

among MSM attending those STD clinics (Ciemins et a/. 2000). Although not published in a
peer-review journal, I did a follow-up study of chlamydial infection in asymptomatic men
that focused on men who have sex with men (LaMontagne, Patnick and Marrazzo 2001). A

brief description of this study, its results and implications is provided to illustrate how I

have continued to investigate questions raised by my own previous research.

In this study, I used the same methods and data source as the previous study of chlamydia
in men (LaMontagne et al. 2003) for consistency and comparability, and explored three key
unanswered questions: 1) what is the epidemiology of chlamydial infection among MSM

within and outside of STD clinic settings?; 2) are rates of chlamydial infection among MSM

increasing?; and 3) are asymptomatic MSM different than asymptomatic MSW in terms of

risk factors for chlamydia? I analysed records for 8,981 men who have sex with men, which

was 8% of the total male population tested from 1996-2000.

I found an overall prevalence of 7.7% among all MSM, and this was correlated with three
factors: the presence of clinical signs suggestive of infection, the exposure to infection

from known sexual contact with an infected partner; and young age. Prevalence was higher
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in MSM tested outside of STD clinics (9.0%). There was a statistically significant temporal

wrend for increasing prevalence of chlamydia among MSM from 5.4% in 1996 to 8.5% in
2000. Risk factors for infection among asymptomatic MSM and asymptomatic MSW were
similar, but asymptomatic MSM tended to be slightly older. The highest prevalence among
asymptomatic MSM was 7.3% in those ages 18-19 years old; the same peak prevalence,

7.3%, was found among MSW who were 18-19 years of age.

This study of chlamydial infection in MSM confirmed some of our findings from our
previous study of infection in asymptomatic men. I again found utility in use of clinical
signs and exposure to divide the male population into risk groups, and quantified

appreciable increases in likelihood of infection as one progresses from the ‘no clinical signs
and no exposure’ group to the population of men ‘who had signs of chlamydial infection

(urethnitis) and reported recent sexual activity with an infected partner.” Once again, this
can be an important aid during a clinical consultation in discussing need for testing a
person with low probability of infection. Seventy percent of the MSM population in this

study was asymptomatic and not recently exposed to an STD and had a prevalence of only

4.2%.

A trend of increasing prevalence of chlamydia among all MSM and among just the
asymptomatic MSM population was statistically significant; prevalence among
asymptomatic men increased from 2.2% in 1996 to 5.4% in 2000, even after adjusting for
signs of infection or recent exposure. These results have broad implications for the control
of this infection in a population already impacted by the AIDS epidemic, It also raises the
question of co-factors for acquisition of HI'V: will an increase in chlamydia facilitate a

concomitant increase 1n HIV infection?
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Additionally, I found that asymptomatic MSM tested outside STD clinics had a higher

prevalence, 5.8%, than those attending urban STD clinics (2.7%), raising the question of
whether MSM who do not seek services at an STD clinic warrant a different intervention
to decrease their risk, or conversely, whether these men feel less stigmatised based on their
sexual orientation and are comfortable attending more general health settings. This follow-
up study of chlamydial infection among men confirmed that asymptomatic MSM have the
same risk factors for chlamydial infection as asymptomatic men who have sex with women,

suggesting that prevention campaigns targeting heterosexual men may be applicable to

MSM populations or should emphasise that the nsks are the same for both groups of men.

IMPLEMENTING LARGE-SCALE CHLAMYDIA SCREENING PROGRAMMES

The National Chlamydia Screening Programme in England

The establishment of a n-ational chlamydia screening programme in England has its genesis
in discussions by the government dating to the mid-1990’s. The Chief Medical Officer
(1998) pathered a panel of experts to review the evidence for chlamydia screening and
concluded that evidence exists for the effectiveness of chlamydia screening. This was
followed by a call for the government to take action towards establishing a national

screening programme (CMO 1998). As a first step, the Department of Health (England),

funded a study of opportunistic screening among women in England to determine the

feasibility and acceptability of such a programme. Pimenta et al. (2003a, 2003b) illustrated
that screening was both feasible and acceptable and that high prevalence of disease,

approximately 10%, existed among sexually active 16-24 year old women.

Subsequent to this successful pilot of opportunistic screening, the Department of Health

(DoH) began a phased implementation of the National Chlamydia Screening Programme
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(NGCSP) 1n late 2002 with selection of 10 programme areas for the first phase (Department

of Health 2004a). This effort was also combined with the National Strategy for Sexual Health
amd HIV (Department of Health 2001) to provide a unified platform for addressing the rise
in rates of STIs in England (Brown et 4. 2004). Given the high public profile of this effort
and the intense interest in the implementation stage of the programme, a description of the
programme and an analysis of the epidemiological data from the first year of screening in

phase 1 programme areas was performed (LaMontagne et al. 2004b). This paper had three

main goals: a) to examine the development and evolution of the National Chlamydia
Screening Programme in England; b) to comprehensively detail the components required
to implement a nationally-directed chlamydia screening programme on a large-scale; and ¢)
to quantitatively analyse the results of screening in the first year to characterise the

population tested, their risk factors, and the burden of disease across England.

A descriptive study of the NCSP with retrospective analysis of opportunistic screening data
for young men (n = 1,172) and women (n = 15,241) under 25 years of age attending over
300 clinical and non-clinical settings across England was designed. In this, the programme’s

components are elaborated. Using univanate and multivanate statistical techniques, 1

measured chlamydia test positivity and explored factors associated with testing positive.
The statistical analysis excluded tests performed for diagnostic reasons or on contacts to

known cases, those persons 25 years or older, or those that were missing or had unknown
data for test result, sex, age, type of test, or inconsistent sample type (for example, male

tests with self-collected vulva-vaginal swabs). Separate analyses were performed for men

and women screened opportunistically.

In the first year of the NCSP, opportunistic screening occurred 1n a staged approach with

the number of programme areas and screening venues within programme areas offenng

chlamydia screening increasing from April 2003 to March 2004. Over 16,400 opportunistic
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screens for genital chlamydial infection were performed, with nearly 50% occurmng from
January-March 2004. Positivity among women was 10.1% (1,538 / 15,241) and 13.3% (156
/ 1,172) among men under 25 years of age opportunistically screened at 302 venues across
England, excluding GUM clinics. Women 16-19 years of age were almost twice as likely to
be positive than those under 16 and 43% more likely to be positive than women 20-24.
Other risk factors for women included Black Canbbean, Black British, or mixed ethnicity, a

new sex partner in the last three months, or two or more sex partners in the last 12

months. Among men, only age 20-24 years old and Black ethnicity were associated with
infection, even after adjusting for covanates; sexual nsk behaviours had elevated odds
ratios, but were not statistically significant. For both men and women, those tested via the
Becton-Dickinson strand displacement assay (SDA) were more likely to test positive than

persons tested with another nucleic acid amplification test.

This manuscript also provided the first detail of the components of the English
programme in the peer-reviewed literature. To review, the goal of the NCSP 1s to control
genital chlamydial infection through the early detection and treatment of asymptomatic
infections and prevention of sequelae and onward transmission. This 1s consistent with the
general approach to selective screening employed in other countries (CDC2003). Screening
protocols for the national programme area contained in a core requirements document
(Department of Health 2004a), and are disseminated to local programmes to standardise

local screening activity. Local programmes consist of consortia of primary care trusts

(PCTs), which are the geographic and service boundanes of the National Health Service

(NHS). A regionally organised chlamydia screening programme operates in the US and has

acted as a model for the geographic organisation of services.

The target population for screening is young men and women under the age of 25 years

who are attending health care facilities not traditionally associated with providing specialist
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sexual health services. These include contraceptive clinics, general practices, young people’s
services, antenatal services, colposcopy and infertility units, and termination of pregnancy
clinics. Screening is also encouraged to those within the target age group through

innovative outreach strategies, such as “pee in a pot” days at military bases, university
campuses or health fairs, mobile vans or buses for contact with young people, prisons, and
other non-traditional settings. The target population for the NCSP is different than that of
the US screening programme (CDC 2002), in that persons out of the age range, those
attending GUM clinics, and persons presenting with symptoms are excluded from

opportunistic screening. These persons are usually diagnostically or routinely tested for
chlamydia as a part of standardised clinical protocols, and as such are not the primary target

for the “opportunistic” nature of this national programme.

All screening is performed using non-invasive samples, urine for men and urine or self-

collected vulva-vaginal swabs for women, and tested via nucleic acid amplification, the

most sensitive testing method available (Black 1997). All positive patients are treated

following established clinical guidelines (Clinical Effectiveness Workgroup 2002), and
partners of positive patients are contacted for prophylaxis and/or chlamydia screening.
Standardised information about the demographic and behavioural characteristics of the
population screened, location of screening, laboratory test method used, and test result s

collected uniformly across all programme areas by the use of a test request form and 1s

reported in disaggregate nationally to the Health Protection Agency (Department of Health

2004a).

The first year of the NCSP has also detected similar levels of infection as was observed in

the original screening pilot in England (Pimenta et 2. 2003b). Screening programmes 1n
other countries reported chlamydia prevalences ranging from 6% in Sweden (Herrmann

and Egger 1995) to 12% in the north western US (Britton, DeLisle and Fine 1992). The
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similar levels of infection at the start affirm that the opportunistic approach is a successful
strategy for disease detection and justify our continued focus on young women and men
attending a variety of health care settings. Encouragingly, the second highest volumes of

screening came from general practices and young people’s services, both of which do not
traditionally provide sexual health services. Oakeshott, Hay and Pakianathan (2004)

recently suggested that GPs would not participate in screening without remuneration. The
findings from the first year of the NCSP question that assertion. Over 10% of all screening
tests were done within general practice (without payment), and increased over the course of
the first year, This was due in part to the create ways in which the service was delivered
locally, such as patients self-selecting screening whilst waiting in practice reception areas,

invitations to screening made by practice nurses rather than GPs, and shifting responsibility
for notification of results and follow-up to a local chlamydia screening office (LaMontagne
et al. 2004b). However, the devolved nature of general practice provision in England means

that efforts to encourage local involvement of primary care in chlamydia screening need to

be strengthened and robustly supported to maximise participation.

My analysis of the population screened in the first year of the NCSP confirmed that the
epidemiological profile of both men and women screened is nearly identical to that found

in other studies of UK populations (Adams et 2/ 2004a) and those in Europe (Wilson et /.
2002), with highest chlamydia positivity among women 16-19 years of age and men 20-24

years old. Additionally, I found that women who had acquired a new sex partner in the last

three months or who had two or more sex partners over the past 12 months were about
50% more likely to test positive, The NCSP is the first large scale sexual health programme

to include behavioural surveillance, and allows for monitonng changes in sexual behaviours

that contribute to the acquisition and spread of chlamydia.
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Because the NCSP is in the early stages of implementation, it is important to place in
context the screening volume and its impact on coverage. Economic models have shown

that one of the most critical aspects to ensure the success of a widespread screening

programme 1s uptake (Paavonen et al, 1998; Welte et al, 2000; K retzschmar et 2. 2001;

Honey et al. 2002). Recent estimates from the US by Levine ez al. (2004) suggest that
screening coverage was highest in areas that experienced reductions in prevalence after
several years of aggressive screening. Data from the first few years of routine chlamydia

testing in Sweden also reflect the impact of high screening volumes (Herrmann and Egger

1995). It will be imperative for the NCSP to continue to rapidly increase the offer and

uptake of screening throughout all participating local programme areas to maximize the

impact of the intervention.

This manuscript and the analysis of the population screened in the NCSP fills an important
gap in the existing literature because it comprehensively explains the genesis of a national
screening programme, lustrates the individual programme components necessary for
actual implementation in local communities, assesses what can be expected in the first year,
outlines some of the pitfalls in embarking on such an immense effort, and most
importantly, reaffirms the importance and necessity of this public health problem by

quantifying the magnitude of infection among young people in England.

MONITORING AND EVALUATING CHLAMYDIA SCREENING PROGRAMMES

Chlamydia screening seeks to reduce the prevalence of infection in the population and the

severe sequelae of untreated infection. There is strong evidence from two randomised

controlled trials that incident PID can be reduced from screening (Scholes et 2 1996;

Ostergaard et al. 2000). As previously mentioned, several programmes implemented in the

United States and Sweden observed decreases in prevalence after several years of screening
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(Lossick et al. 1990; Addiss, Vaughn, Ludka, Pfister and Davis 1993; Herrmann and Egger

1995; Mentz et al. 1997). Prior to observing these long term outcomes, screening
programmes require close monitoring to ensure the service is appropriately administered,
the target population is screened, the outcome is measured correctly, there is sound value
for money, and the clinical providers are adhering to the guidelines. There is a general
dearth in the literature on programme monitoring and evaluation for chlamydia screening.

The majonty of published studies cover aspects of selecting or ensuring the target

population is correctly identified and screened (Paukku et o/, 2003; Marrazzo et al, 1997a;
Miller et al. 2000), and the cost-effectiveness of such approaches (Marrazzo et al. 1997b;

Howell et al. 1998; Welte et al. 2000; Kretzschmar et al. 2001). It is within this context that

my programme-related research is discussed below.

Evaluating selective screening cntena

Since 1988, annual systematic chlamydia screening of women under 25 years of age and of
older women based on behavioural nisks has been in operation in the north western region

of the US (Region X). This was the first large-scale chlamydia screening programme in that

country. Screening, based on these selection cntena, occurs in conjunction with a pelvic
examination during attendance at family planning clinics (Center for Health Training 2003).
From 1988 to 1993 the selective screening cntena remained unchanged. These criteria were
evaluated in 1995 with few changes resulting from that evaluation (Marrazzo et 4l 1997a). It
is not unusual to peniodically evaluate the selective screening critenia. Assessments of such
criteria had been made by other researchers (Miller ez 2l 2000). Using selection critenia to

determine how to direct scarce screening resources had been a comerstone of the US effort

to control genital chlamydial infection (CDC 2003). All public health regions in the country

(numbered I, II, etc.) have a selection procedure in their programme.
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Several developments in the field that could impact the performance of existing selective
screenung criteria suggested the criteria required a re-evaluation, specifically declines in
prevalence observed in the first eight years of screening were not sustained after 1997; the
introduction of more sensitive laboratory detection methods in the mid-1990’s (Gudgel and

LaMontagne 1999; Dicker, Mosure, Levine, Black and Berman 2000); and assurance of

programme credibility and efficiency in the face of increasing budgetary pressures was
needed. I set out to re-evaluate the programme with three goals: assess the performance of

the existing screening criteria in Region X, explore whether the risk factors for infection
had changed since 1995, and evaluate whether the criteria could be optimised to improve

sensitivity or efficiency (LaMontagne et al. 2004a).

Using cross-sectional screening data of tests performed on women from 1998-2000, a

programme evaluation was designed. Data analysis included multivariate logistic regression
to quantify risk factors for infection, and sensitivity and efficiency analyses to measure the
performance of the existing criteria and assess optimisation strategies. The dataset
comprised 409,882 chlamydia test records for women attending 252 family planning, 123
STD and 251 other clinics, including community/ migrant, college health, public health
nursing, and adolescent clinics, in Region X from 1998-2000. To define the performance of
the current selective screening criteria in Region X, all tests were analysed for the sensitivity
and efficiency of the criteria. Sensitivity was defined as the percentage of positives detected,
and efficiency was the percentage of tests that met the criteria (Miller et 2/, 2000).
Thresholds of 60% efficiency and 90% sensitivity were used as performance benchmarks
to identify the most positives (high sensitivity) while testing the fewest number of women
(low percentage for efficiency). To define risk factors associated with infection, data from

women universally screened at STD clinics were used. Odds ratios for independent

associations were calculated with chlamydia positivity as the dependent vanable, and

adjusted in multivanate logistic regression models. Using the results of the risk factor
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sensitivity and efficiency to determine whether the current criteria in Region X could be

simplified. These five sets of criteria were also compared with recent recommendations

from the US Preventive Services Task Force (2001).

The positivity among women attending STD clinics was 7.0%; 4.1% among FP attenders

and 3.8% among women attending a variety of community clinics. The strongest predictor
of infection was young age, especially those under 25 years old, regardless of clinical signs
or exposure to an STD. The selective screening criteria used in Region X were very
sensitive, detecting 95.6% of all infections in the female population, but were less efficient
than the target benchmark, requiring testing 85.6% of women. The sensitivity of the critena
remained high and exhibited little variation (range, 94.5-97.5%). Even after stratifying by
test type within clinical settings, the sensitivity remained above 90% (range, 90.8-98.7%).
The five sets of selective screening criteria developed from multivariate modelling showed
marked differences in sensitivity and efficiency. On average, age-only based critena
required testing the fewest number of women, but were just over 80% sensitive.
Conversely, the recently recommended criteria from the Task Force resulted in over 98%
sensitivity, but would have required testing over 93% of the women in our study; clearly

less efficient than our benchmark. These findings suggested that the selective screening
criteria in Region X could be optimised by focusing on those populations found to be at

highest risk, mainly all women under 25 years of age and women 25 and older with clinical

signs of infection or exposure to a sex partner with chlamydia.

There are several significant aspects of this study with implications for existing and newly
established chlamydia screening programmes. First, this study was timely, since it had been
over five years since publication of the last evaluation of the Region X screening

programme (Marrazzo et al. 19972), and that evaluation had used data from the early days
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of the programme when less sensitive laboratory tests were employed and the baseline
prevalence of infection in the population was high. As the first comprehensive chlamydia
screening programme in the US, Region X has a unique position of leading the field, but

also setting the example of good practice. Furthermore, it is recommended that periodic
evaluations be a part of any population-based intervention (Mosure, Berman, Dicker and
Levine 1998), as new developments occur or programme impact begins to plateau. This is
critical for the credibility of the programme and can influence the operations of other

screening etforts.

Secondly, this evaluation re-affirmed that the risk factors for chlamydial infection for
women have remained stable in recent years, even after adjusting for the use of more
sensitive testing methods. The strength of age as the number one predictor of chlamydial
infection in women, although known from other studies (Handsfield et 4/ 1986; Simms et
al. 1997; Mentz et al. 1998; Wilson et al. 2002; Adams et al. 2004a), was a surprising finding,
pnncipally because of the very high odds ratios for younger women, even after adjusting

for all other major factors. Women 17 years and younger were nearly 8 times more likely to

be infected than those over 29; but even 20-24 year old women were almost 5 times more
likely to be infected. Additionally, the finding that recent exposure was more predictive of
infection than clinical signs reinforced the asymptomatic nature of this infection in women
(Stamm 1999). Age, clinical signs and recent exposure were the same factors elucidated in

my two previous studies of chlamydia infection in men and MSM (LaMontagne et 4l. 2001;

LaMontagne et al. 2003).

Thirdly, this study confirmed that the selection cnitena used in Region X to determine
which women should be screened were sensitive— the criteria accurately detected positives.
However, the criteria in use were not particularly efficient, requiring testing a high

percentage of women attending clinical settings. Other studies (Miller ez 4/. 2000) have used
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a similar approach in measuring cntena performance, but used lower thresholds for
sensitivity (80%) which allowed for up to 20% of positives to go undetected. The
programme managers in Region X thought that threshold was too low for adequate disease
control, and looked to build critena that could detect 90% of positives while screening
about 50% of the target population. Although we could not find criteria that would result

in that level of efficiency, we did conclude that the crtena currently in use could be

optimised by focusing on the populations most likely to be infected: young women, those
with clinical signs, women recently exposed either through sex with a symptomatic partner

or report of sexual contact to a partner with an STD, and women with a positive chlamydia

test in the last year.

Most importantly, this research had immediate practical application in policy decisions by
the programme. The Region X screening programme initiated this evaluation study, and
agreed to incorporate the study findings, regardless of the outcome. This willingness to
directly apply research findings for policy and programme change illustrates the leadership
role this programme sets for the other regions in the US. Based on the findings of this
study, the Region X screening programme changed their selective screening criteria for

women attending the clinical venues participating in the programme (Center for Health

Training 2003).

Using chlamydia test positivity for programme monitoring

Another aspect of monitoring gains made through chlamydia screening is assessing the
impact on prevalence (Addiss et @l 1993; Herrmann and Egger 1995; Marrazzo et al. 19973).

Prevalence of genital chlamydial infection in women in the United Kingdom varies widely

depending upon the study population selected, methodology employed, clinical setting and

laboratory test method (Adams et 4/. 2004a). Pimenta et al. (2003b) have noted the difficulty
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in measuring prevalence in large cohorts of women, principally due to the need to track
individuals and their testing behaviour over time and geographic and clinic locations.
Individuals may have more than one test and may attend a variety of clinical settings over
the testing pertod. In the implementation of larger screening programmes based on an
opportunistic approach, as 1s currently the design of the National Chlamydia Screening
Programme (NCSP) 1n England, the ability to measure prevalence becomes increasingly

difticult due to the lack of a national unique identifier. The Department of Health in

England (2004a) has proposed to use positivity as a surrogate measure for prevalence.

Chlamydia test positivity has been used in the US screening programme and has shown to
be a useful tool in programme monitoring (CDC 2003). This approach has been validated
in only one published study (Dicker, Mosure and Levine 1998). However, in that study data

were collected from limited health settings and women were screened with less sensitive
enzyme Immunoassays, so questions regarding the ability to generalise results using this
method remain. 1 sought to re-examine the onginal chlamydia screening pilot data to cross-

validate whether positivity could be used as a proxy measure for prevalence and to assess
the appropnateness and utility of using positivity to monitor the NCSP (LaMontagne et 4/.

2005).

Using the testing episode data from the cohort of women enrolled in the original chlamydia
screening pilot (Pimenta et @/ 2003a), positivity within the populations for which

prevalence had already been measured (Pimenta et 2/, 2003b) was recalculated. Data analysis
included 16,595 tests from 16-24 year old women attending family planning, GUM, general
practice, and youth clinics from September 1999 - August 2000. Positivity, defined as the
number of positive tests divided by the total number of tests, was calculated with
accompanying 95% confidence intervals, Positivity estimates were compared to prevalence.

Prevalence for each health care setting and by symptoms within health care setting had
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been previously published (Pimenta et a/. 2003b) and was used as the comparison estimate;
however, prevalence by single years of age within the study locations was recalculated

because the published age-specific prevalence included a wider selection of testing
locations. Two-sided binomial probability tests were conducted to confirm no difference

between the estimated positivity and measured prevalence.

Overall positivity was 9.4% (95% CI: 8.9-9.9) in Portsmouth and 11.0% (95% CI: 10.1-
11.9) in the Wirral. This was marginally lower than the published prevalence but not
statistically different. Additionally, slight and non-statistically significant differences were

found between positivity and prevalence by health care setting, age and reason for test.

Absolute differences between positivity and prevalence within health care settings ranged
from -1.43 to 0.04 and the percentage difference between the two ranged from -8.58% to
0.47%, neither of which were statistically significant. In general, positivity underestimated

prevalence, possibly due to the frequency of testing within the population. However, even
in spite of this limitation, the estimates of positivity among a population tested using very
sensitive laboratory methods varied little from prevalence and did not change the
interpretation of the outcome data. This study demonstrated that measuring positivity, in

lieu of prevalence, would not sacnfice the accurate measurement or the interpretation of

disease trends and would be easier to implement within a large-scale national screening

programme.

This re-examination of the data from the orginal screening pilot to assess positivity was
significant in two ways. First, 1t validates a measurement technique that has only been
through one scientifically ngorous review process (Dicker et al. 1998). Confirmatory studies

have a cnitical role to play in research, as isolated findings from one study may not apply
more generally. Particularly if 2 methodology is advocated, the assumption that the

methods apply across study settings requires validation. I confirmed the method proposed
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by Dicker et al. (1998), even though the setting of this study was radically different than

theirs: the screened population was from outside the US, tested in a wider variety of clinical

venues, provided only urine samples, and utilized more sensitive laboratory techniques.

Second, there has been some criticism that the National Chlamydia Screening Programme

was not going to be able to measure its effectiveness because it could not directly measure
prevalence (Low, Macleod, Salisbury and Egger 2003). This study demonstrates that this is

not necessary for large-scale programmes, as positivity is a robust surrogate. Therefore,

changes in positivity are reflective of changes in prevalence in the population.

The implications of my study for programme monitoring are two-fold: 1) the programme
momnitoning method proposed for the NCSP is backed by sound scientific evidence; and 2)
this method reduces the reporting burden for clinical providers participating in the NCSP.

The collection of data in a large national programme can be politically sensitive, as the

balance needs to be struck between gathenng the data required to make robust evaluations
of the programme’s impact whilst not overburdening the clinical staff in communities who
are implementing the programme locally. It is a delicate balance as the former requires
strict and accurate data collection standards and the later might not participate in a
programme with such stringent data collection needs. By proposing to use positivity as the
outcome measurement for programme monitoring, the NCSP has been able to find a
middle ground whereby the scientific ngour is maintained and the local burden of data

collection 1s munimised.

Estimating the costs of opportunistic screening for chlamydia

In the CMO’s (1998) review of the evidence for chlamydia screening, the cost-effectiveness

of such programmes came under particular scrutiny. The key concerns expressed were that
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previous cost-effectiveness studies over-estimated the sequelae of untreated infection and

under-estimated the unit costs of the screening programme. These studies also used
approximated prevalence levels were not verified in population-based studies in England,
and utilised testing modalities, principally opportunistic or postal-invitation, that may not
be feasible in this country. Further, the published cost-effectiveness studies failed to
adequately account for the dynamism involved in the transmission cycle of this sexually
transmitted infection. Specific calls for more research into the cost-effectiveness of

chlamydia screening have also come from others in the field (Roberts et /. 2004).

However, without knowing specitic unit costs of items used in an organised opportunistic
screening programme, it 1s difficult to estimate these parameters for a more detailed cost-
effectiveness study. Because the National Chlamydia Screening Programme is currently
being phased in throughout the country, it is also tumely to assess the cost of screening and
examine in detail the relative contribution of cost elements, such as personnel, supplies and
overheads. A study of the costs of chlamydia screening was performed (Adams et 4/

2004b). The goals of this cost study were: 1) to estimate the average cost per test offer,
cost per testing episode, and cost per chlamydia positive episode, based on the costs
incurred by the health care system; and 2) to run a series of ‘what if’ scenarios to illustrate

cost changes vis-a-vis practice changes and screening implementation strategies (Adams et

al. 2004b).

The study design utilised a decision-tree model to mirror the patient tlow of the onginal
chlamydia screening pilot and to reflect the current clinical flow of patients screened in the
NCSP. Empirical data on women screened in the chlamydia pilot were analysed for
parameter estimates in the model. Patent flow was based on urine samples tested with

nucleic acid amplification tests and follow-up of positive patients and their partners by

nurse health advisers. Separate decision-trees were constructed for patients and panners, as
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partner notification focused on prophylaxis rather than the ‘test then treat’ approach used
with screened patients. The overall health care costs were estimated from direct
expenditures recorded in the original screening pilot for test kits, reagent, personnel,
materials, supplies, equipment, office space, treatment and contact tracing. Additionally,
costs borne by the health care system for clinical staff involvement and administration in

the programme were included to reflect activities not receiving direct remuneration from

the NCSP funding. Planning and set-up costs and overheads were also fixed and
incorporated into the model. Vanable costs were added at each step in the decision-tree
model and summed to acquire total cost. Sensitivity analyses were performed to assess
which costs and patient tlow values were most important to the outcomes, and to explore

the range of possible outcomes for this screening programme. This facilitated running the

model through several ‘what if’ scenanos that reflected practice variations reported in phase

1 of the implementation of the NCSP (Department of Health 2004a; LaMontagne et 4.

2004b).

The estimated overall annual cost of opportunistic screening for over 33,000 women ages
16-24 was over £493,000. Eighty percent of the costs were variable patient costs, 5% were

associated with partner notification activities, and 15% were overhead costs for running the

programme. Each screening episode cost was estimated to be £21.83, inclusive of all
downstream healthcare costs associated with testing. ‘The cost per otfer was under £15 and
cost of a positive episode was less than £40. In sensitivity analyses, three key parameters
had the greatest impact on the cost per screening offer: 1) the proportion of the population
accepting screening— as test acceptance increased, so did costs; 2) the involvement of the

GP versus the practice nurse in patient recruitment— costs decreased with less GP
involvement; and 3) the amount of time spent by either receptionists or clinicians in the

screening episode— cost decreased as clinicians spent less time explaining screening.
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These findings illustrate that the proportion of the population accepting screening has the
largest impact on costs. While a high test acceptance rate accounts for higher costs, it may
help idenufy the greatest number of infections if the correct population is tested; indeed,
this is the goal of the NCSP. The laboratory test cost was important to the total cost of

screening, which suggests that stabilisation of the cost through contractual arrangements of

bulk-purchasing test kits and reagents, combined with efficient use of laboratory staff to

process specimens, could facilitate reductions in overall costs.

Partner notification activities contributed to only 5% of the overall programme costs. This
was expected given the results of the screening pilot which showed that partners only
comprsed about 5% of all persons tested (Pimenta et 4/, unpublished data). Although

partner contacting is critical to the spread and control of chlamydial infection (Garnett and

Anderson 1996), it was less resource intensive in this study, providing convincing evidence

that this component of a chlamydia screening programme may not be financially

burdensome.

This study also highlights areas of uncertainty in the data that influence the costs of

screening. For example, the time spent by clinicians in explaining screening had a large
impact on the costs because of its high vanability and impact on all screening offers.
Reduction in the time for the screening offer, such as through a patient self-selection

process, could also reduce the overall costs of the programme.

This research provided significant contnibution to the body of evidence in four ways.
Firstly, this study is the only recently published analysis to explicitly estimate the time and
costs at each step of a chlamydia screening programme. Previous studies have estimated

the time and involvement of health care workers for different outcomes, such as PID,
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ectopic pregnancy, and infertility (Welte et 4. 2000), but without the precision of costs at

each step in the process as atforded by this study.

Secondly, this study quantitied the health care-associated costs of opportunistic chlamydia
screening in England, directly responding to a key component of the Wilson and Junger
criteria (1968). They advocate the need to know the costs of a screening intervention in
order to assess the economic effectiveness of the programme (1968). Thirdly, the use of

empirical patient flow data and exact cost data from the onginal chlamydia screening pilot

strengthened the interpretation of our model.

Additionally, utilising decision analysis was novel in assessing the uncertainty of various

parameters and how those parameters impacted costs at each stage of the screening
episode. This allowed the model 1o reflect actual screening practice and provided flexibility
to simulate other screening scenarios as they arise. This can be a powerful tool to explore
the average costs of screening and vanations 1n estimates as local programmes revise their
implementation and operational structure for chlamydia screening. This also provides an

opportunity to estimate costs based upon locally-derived figures for time and staff mix

involved in the programme as well as the actual costs incurred for equipment, supplies,

personnel and overheads.

Lastly, this study demonstrated the utility of employing the lessons learned from this model
to advise on the appropnate cost of screening for the National Chlamydia Screening
Programme, and potentially similar programmes being explored in other countries. Indeed,

the NCSP has used the results of this study to develop “cost templates” that suggest a
standardised budget for local programmes based on projected testing volume for new areas
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