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Abstract

Sexually transmissible infections (STIs) are responsible for a huge health, economic and
social burden globally with an estimated almost 360 million new infections in 15—49 year
olds annually due to curable microbial STIs. Access to accurate diagnostic testing is a key
control strategy, yet in many settings laboratory infrastructure is inadequate or as is the
case in remote Australia, significant physical distances and highly mobile patient
populations are barriers. Point-of-care (POC) tests have the potential to provide timely
testing and treatment for STls, yet their poor accuracy or in the case of syphilis, their
inability to differentiate current from past/treated infection, has limited their use. New POC
tests, which overcome these limitations, need rigorous laboratory and field-based
evaluations before being introduced programmatically. The research presented in this

thesis provides new information from evaluations of novel POC tests for STls.

The first evaluation was a multi-site laboratory-based assessment of one new and three
traditional POC test for syphilis; more than 1000 sera were tested. The new test identified
>93% of active syphilis infections, whereas just over half of past infections were diagnosed
as past or not syphilis, thereby avoiding unnecessary treatment compared with traditional
POC tests. Its sensitivity (89.8%) was lower than traditional tests, possibly limiting its
usefulness. The second evaluation was field-based in two remote Aboriginal communities
and included two traditional tests and one new molecular-based POC test for chlamydia
(CT) and gonorrhoea (NG); this followed a laboratory-based investigation which already
confirmed test accuracy. The new test was easy-to-use and exceptionally more sensitive
(CT: 100%; NG: 100%) than traditional tests (CT: 27.3%; NG: 66.7%), and was subsequently
included in a large cluster-randomised controlled trial involving 12 remote Aboriginal health
services to evaluate clinical benefit and accuracy in the hands of health care staff. Over
2500 POC tests were performed, demonstrating very high concordance (CT: 99.4%; NG:

99.9%) with laboratory results.

The findings presented here contribute new knowledge to the field of STI POC testing and
highlight the importance of the evaluation pathway. The research has already informed the
direction of further STI POC program implementation in Australia. These findings are also

likely to be applicable more broadly in similar settings globally.
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Thesis overview

Rapid point-of-care (POC) tests offer a new approach to improve timeliness of diagnosis, an
important pillar of infectious disease control. Bacterial sexually transmissible infections
(STIs) such as syphilis, chlamydia and gonorrhoea are good candidates for POC test
diagnosis as most infections are asymptomatic, highly transmissible, and easily treatable.
Globally the greatest burden of illness from STls is in resource-limited settings where
traditional laboratory diagnosis is often unavailable or impractical. In Australia, despite the
availability of curative treatment and reliable laboratory diagnosis, rates of STls are highest
in gay men residing in urban settings where testing rates are suboptimal and in remote
Aboriginal communities where there are significant physical distances to laboratories and

populations are highly mobile.

Constraints to widespread uptake of POC testing include the inability to distinguish current
from past/treated infection for syphilis and the very poor performance of traditional lateral
flow tests for chlamydia and gonorrhoea. New and novel POC tests for STls are have
recently become available including a syphilis test able to distinguish current from
past/treated infection and a molecular-based test for simultaneously detecting Chlamydia
trachomatis (CT) and Neisseria gonorrhoea (NG). When being considered for programmatic
implementation, these new tests require rigorous laboratory and field-based investigations
to ensure accuracy, acceptability and suitability in a variety of settings, and most

importantly relevant patient and community-important outcomes.

This thesis aims to contribute new knowledge to the field of POC testing for STls,
particularly with respect to innovative advances in POC test technology. The findings will
facilitate and support decision making for programmatic STI POC test implementation in
Australia. Furthermore, the conclusions and recommendations of this thesis are also likely

to be applicable more broadly to similar settings globally.

The portfolio of research with which | have been involved during my candidature, has
complemented and enhanced my previous experience in POC test evaluations in both
disease area and context (which focused primarily on malaria diagnosis and case
management in sub-Saharan Africa). This thesis was completed while employed in my
current position as a lecturer at the Kirby Institute, UNSW Australia. In this role | have
contributed significantly to a series of research projects evaluating POC tests for STls in

Australia (as presented in this thesis) and in PNG (including the first pilot study of a full suite
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of POC testing for STls in an antenatal setting). | have been integrally involved in every
aspect of the research described in this these including study design, ethics submissions,
planning, logistics, training and implementation, data collection, analysis and dissemination
of findings (including peer-reviewed publications), and generation of recommendations.
Importantly, all these projects have been highly collaborative, bringing together
researchers, government, community and pathology organisations and their staff across
several regional and jurisdictional boundaries. In particular, the ability to conduct the
important field work has hinged upon the establishment and development of highly
respectful relationships and negotiations conducted by the investigators with the
communities, stakeholders and their representatives. Without the support of the
communities, none of this research would have been possible. Future collaborations and

ongoing research depends upon upholding these respectful and reciprocal relationships.

In summary, the work presented in this thesis arises from three specific evaluations of POC
test performance in the Australian setting. The first, a multi-centre, laboratory-based
evaluation of three traditional and one novel POC test for syphilis; the second, a pilot field
evaluation of two traditional and one new molecular-based POC tests for chlamydia and
gonorrhoea which was conducted to inform a cluster -randomised controlled trial; and the
third, a large scale operational performance evaluation of the new molecular-based POC

test for chlamydia and gonorrhoea in the context of this cluster-randomised controlled trial.

The thesis commences with a review of the relevant literature (Chapter 1) and is followed
by two chapters containing peer-reviewed publications reporting on the laboratory-based
syphilis evaluation (Chapter 2 and 3). The next chapter (Chapter 4) contains a peer-
reviewed publication (not counted as contributing towards this thesis) summarising the
large cluster-randomised controlled trial of POC testing for chlamydia and gonorrhoea in
remote communities in Australia. This manuscript offers some background and context to
the work presented in the subsequent chapters (Chapter 5 and 6) which containing one
published manuscript (reporting on the pilot field evaluation of three POC tests for
chlamydia and gonorrhoea) and one publication-ready manuscript to be submitted to an
international journal for consideration (reporting on the large operational performance
evaluation of the novel molecular-based POC test for CT and NG). The thesis ends with

conclusions and recommendations chapters (Chapter 7 and 8).

A summary of each chapter is provided below:

XVii



Chapter 1 is a review of the relevant literature including burden of bacterial STls globally
and a more detailed account of the epidemiology of STls in Australia. A discussion of data
sources informing the epidemiology of STls in Australia is also presented, including their
benefits and limitations. A brief description of the geography of Australia and the
circumstances of the Aboriginal population are presented to provide important context to
the rationale for the research in the thesis. From this point forward, the thesis focuses on
the three curable infections (syphilis, chlamydia and gonorrhoea) which are at this time
most likely to benefit from new POC test technologies. Clinical aspects of these infections
are presented including current reference diagnostics and recommended management
approaches. STl control approaches are summarised including particular diagnostic and
treatment approaches such as laboratory-based diagnosis, syndromic, presumptive and
mass treatment, and POC testing. The next section is dedicated to reviewing the ideal
evaluation research pathway from development to laboratory and field evaluations and
formal trials. The chapter concludes with a summary of currently available POC tests for
syphilis, chlamydia and gonorrhoea, their benefits and limitations, and the POC testing
landscape in Australia. Research needs are identified in the context of the evaluation
pathway to inform program implementation in Australia and the research aims of the thesis

are summarised.

Chapter 2 contains a peer-reviewed, published manuscript describing a laboratory-based
head-to-head evaluation of the performance of four currently available POC tests for
syphilis including a new test designed to distinguish current infection from past/treated
infection. The evaluation was conducted using stored sera (including reference treponemal
negative and positive specimens across a range of non-treponemal titres) at two large
reference laboratories in Australia, performed by trained (double-blinded) laboratory staff.
The evaluation is unique in its ability to determine the performance of these POC tests by

clinical stage of syphilis and HIV status.

Manuscript (published) #1: Causer LM, Kaldor JM, Fairley CK, Donovan B,

Karapanagiotidis T, Leslie DE, Robertson PW, McNulty AM, Anderson D, Wand H,
Conway DP, Denham |, Ryan C, Guy RJ. A Laboratory-Based Evaluation of Four Rapid
Point-of-Care Tests for Syphilis. PLoS One. 2014 Mar 11,9(3):e91504.

Chapter 3 contains a peer-reviewed, published manuscript based on the syphilis POC test
evaluation described in Chapter 2. This manuscript uniquely evaluates the clinical
implications and performance of the DPP Screen and Confirm Assay, the only currently
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available POC test for detection of both treponemal and non-treponemal antibodies, in

regard to its ability to distinguish active from past syphilis.

Manuscript (published) #2: Causer LM, Kaldor JM, Conway DP, Leslie DE, Denham |,

Karapanagiotidis T, Ryan C, Wand H, Anderson DA, Robertson PW, McNulty AM,
Donovan B, Fairley CK, Guy RJ. An evaluation of a novel dual
treponemal/nontreponemal point-of-care test for syphilis as a tool to distinguish active

from past treated infection. Clin Infect Dis.2015 Jul 15;61(2):184-91

Chapter 4 contains a peer-reviewed publication describing the TTANGO (Test, Treat and Go)
trial to provide context and background to the research presented in Chapters 5 and 6. This
publication does not count as one of the publications contributing to this thesis. TTANGO is
a cluster-randomised controlled trial designed to comprehensively evaluate the clinical
effectiveness, cost-effectiveness, feasibility and acceptability of POC testing for chlamydia
and gonorrhoea (using the GeneXpert CT/NG assay) in remote primary health services
(where STl rates among the Aboriginal population are very high and where there are great
distances between health services and their jurisdictional reference laboratories) in the
hands of clinical staff. The TTANGO trial itself represents the first use globally of the
GeneXpert CT/NG assay by clinical staff in primary health care settings for routine STI
management. The TTANGO trial results will provide evidence to support the programmatic

implementation of this technology in Australia in settings where STl rates are highest.

Chapter 5 contains a peer-reviewed published manuscript describing a field-based pilot
evaluation of three chlamydia and gonorhoea POC tests using fresh specimens collected
from patients as they presented for STI testing in two remote primary health services in
Australia. The evaluation included two available “best-performing”, traditional format
(lateral flow) POC tests and a new molecular-based format for detection of CT and NG. This
prospective evaluation represents the first experience using the molecular assay for CT/NG
(GeneXpert CT/NG assay) at the point-of-care in remote locations and assessed not only
performance in a field setting but also describes the relative feasibility and acceptability of
this new technology in this setting. This work directly facilitated the choice of POC test

evaluated as part of the large TTANGO trial.

Manuscript (published) #3: Causer LM, Hengel B, Natoli L, Tangey A, Badman SG, Tabrizi

SN, Whiley D, Ward J, Kaldor JM, Guy RJ. A field evaluation of a new molecular-based
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point-of-care test for chlamydia and gonorrhoea in remote Aboriginal health services in

Australia. Sex Health. 2014 Nov 27. doi: 10.1071/SH14158. [Epub ahead of print]

Chapter 6 contains a manuscript ready for submission for publication to a peer-reviewed
journal which describes the findings of an evaluation of the operational performance of the
GeneXpert CT/NG assay conducted in the context of the TTANGO trial. The GeneXpert POC
test was provided at 12 remote health services where testing was performed by the clinical
staff at the service (health workers, nurses and doctors) as part of routine screening and
diagnosis. POC test results guided clinical management. Specimens continued to be sent to
reference laboratories as usual for routine testing (nucleic acid amplification tests [NAATs])
throughout the study and estimates of POC test concordance with these reference results
were calculated. A further analysis of discordant results was conducted at another

reference laboratory to explore possible explanations for these few discordant results.

Manuscript (submission-ready) #4: Causer LM, Tabrizi SN, Whiley D, Speers D, Tangey

A, Badman SG, Hengel B, Natoli L, Ward J, Anderson DA, Wand H, Wilson D, Regan DG,
Shephard M, Donovan B, Fairley CK, Kaldor JM, Guy RJ. Prospective evaluation of the
diagnostic performance of a new, molecular point-of-care test for chlamydia and
gonorrhoea in routine primary health care use. Submitted for publication. Proposed for

submission - April 2016

Chapters 7 provides a summary of conclusions and Chapter 8 presents recommendations

and suggests possible areas for future research.
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Chapter 1: Review of relevant literature

1.1 The burden of curable sexually transmissible infections (STIs)

1.1.1 Global

Sexually transmissible infections (STls) are among the most widespread infectious diseases,
exacting substantial social and economic burden on families and communities worldwide.
Among the most prevalent and curable STls (syphilis, chlamydia, gonorrhoea and
trichomoniasis), global estimates from the World Health Organization (WHO) suggest that
in 2012, there were about 273 million case among adults aged 15-49 years: 128 million
prevalent cases of chlamydia, 27 million prevalent cases of gonorrhoea, 101 million
prevalent cases of trichomoniasis, and 18 million prevalent cases of syphilis.(1) These
correspond to a global incidence of 357 million infections in 15—49 year olds, or an average
of nearly one million new infections each day; 131 million incident chlamydia cases, 78
million incident gonorrhoea cases, 143 million incident trichomoniasis cases, and 5.6 million
incident cases of syphilis. (1) These most recent estimates were based on models using data
among low risk or general populations for genitourinary infection with chlamydia,
gonorrhoea and trichomoniasis, and nationally reported data on syphilis seroprevalence
among antenatal care attendees.(1) STI co-infection is common, and therefore, it is unclear
exactly how many individuals this represents. Global estimates suggest that 9.5% of HIV

positive adults are co-infected with syphilis.(2)

Undoubtedly STls are a global epidemic however there are distinct regional variations with
the highest prevalence and incidence rates for syphilis found in the WHO African region
which may partly reflect differences in access to antenatal syphilis screening (see Figure 1).
(1) All four infections were lowest in the European and South East Asian region regions,
possibly explained by the lower risk of infection due to lower numbers of partners and
increase condom use, or better social and economic conditions including clinical STI
services.(1) An alternative explanation might rest in the variable quality of the data sourced

and possible lack of representativeness of the data from these regions.(1)

Syphilis in pregnancy is an important cause of mortality and morbidity in pregnancy, with
significant adverse pregnancy outcomes including stillbirth, early foetal death, low birth

weight, preterm delivery, neonatal death, or infection or disease in the newborn.(3) In



2008, globally, nearly 1.4 million pregnant women had probable active syphilis infection
and were at risk of transmitting the disease perinatally to their unborn children, with an

estimated over 520,000 adverse pregnancy outcomes.(3)

Figure 1: Estimated prevalence (and 95% Ul) of chlamydia, gonorrhoea, trichomoniasis,

and syphilis in women and men aged 15-49 years by WHO region, 2005-2012 data
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While developing countries data are scarce, in developed nations, the highest rates of STls

occur in adolescents and young adults under the age of 30 years.(4, 5)

In the recent Global Burden of Disease study, chlamydia, gonorrhoea and trichomoniasis
accounted for 1.2 million disability-adjusted life years lost in 2010.(6) These STls also

impose a substantial economic burden on health systems as demonstrated in the United



States, where it was estimated that more than USDS$705 million was spent in 2008 to

diagnose and treat the complications of chlamydia, gonorrhoea and trichomoniasis.(7)

1.1.2 Australia

To provide some context to the epidemiology of STls in Australia, sources and methods of
data collection, including strengths and limitations, are presented in the following

paragraphs.

Sources and systems for STI data collection

In Australia, STI data are collected through national notification systems including passive,
enhanced, sentinel, antimicrobial resistance surveillance systems, routine reports and
periodic prevalence and incidence surveys. Together these data provide a relatively
comprehensive indication of the burden and epidemiology of STls in Australia, though there

are some limitations that should be acknowledged.(8)

Passive surveillance

A select number of STls (HIV, chlamydia, gonorrhoea, syphilis, donovanosis and hepatitis B)
are mandated for notification by legislation at the state and territory level and contribute to
The National Notifiable Disease Surveillance System (NNDSS) which is maintained by the
Australian Government Department of Health and Ageing.(9) All cases of laboratory-
confirmed chlamydia, gonorrhoea and syphilis are captured through reporting via the
network of public and private laboratories across Australia (which provide pathology
services to hospitals, specialist clinics and primary health services). Clinicians are required
to provide additional demographic and clinical data to enhance these notifications,
particularly for cases of gonorrhoea. HIV diagnoses are sent directly to the Kirby Institute
for Immunity and Infection (UNSW Australia). Trichomoniasis is only mandated at the state
level for reporting in one jurisdiction (Northern Territory). These STl notification data are
analysed and reported annually, and are essential to inform, monitor and evaluate STI

control programs and policy in Australia.(4, 10)

Notification data provide a simple, population level picture of STI diagnoses, and are useful
for monitoring trends over time. As data relating to the denominator (total number of

people tested) are not collected, any trends identified need to be interpreted in the context



of changes in testing patterns and may not equate directly with actual changes in disease
transmission or prevalence.(11) Furthermore, incompleteness of socio-demographic
identifiers, such as Aboriginality status in many jurisdictions, can result in over or under

estimation of STl rates in population subgroups.(12)

Enhanced surveillance

Enhanced surveillance, where follow-up is conducted with clinicians to gather missing or
additional information including Aboriginal status and mode of exposure (e.g. male-to-male
sex), can overcome some of these shortcomings but this is only feasible nationally for
infections like HIV and syphilis where numbers of diagnoses are manageable (~1000 cases
annually). Some enhanced surveillance is conducted for gonorrhoea in some jurisdictions,
however none is conducted for other STIs given the large number of diagnoses reported
(>80,000 for chlamydia). As a result, information related to exposure risk and Aboriginal
status varies by infection and jurisdiction. Notification rates of STIs generally are likely to
underestimate the true picture in the broader population, as testing is generally
undertaken for clinical reasons that prompt health service attendance (symptoms, risk
behaviour or as a consequence of contact tracing).(13) As a consequence, the vast majority

of infections which are asymptomatic go undetected and are not notified at all.

Sentinel surveillance

Systematic collection of routinely recorded data at suitable clinical sites can supplement
information from passive surveillance systems. This ‘sentinel surveillance’ allows for more
detailed collection of important data around specific diagnoses such as risk behaviours and
also allows for collection of testing denominator data in order to calculate positivity (the
proportion of tests taken which were positive over a specified time frame and
population).(11) If test uptake is high, positivity can represent prevalence, however in
situations where uptake is low, these data may over-estimate prevalence as testing may

only be done on those at risk or with symptoms.

Since 2007, the Australian Collaboration for Chlamydia Enhanced Sentinel Surveillance
(ACCESS), which is a collaboration of 76 primary care sites (sexual health clinics, family
planning, general practice and Aboriginal community controlled health services), has been

providing consultation, demographics, risk factor, chlamydia testing and results for every



individual attending the clinic.(14) In 2011, ACCESS expanded to include gonorrhoea and a

range of other STls and blood borne viruses.

Surveys and studies

Special surveys and studies (repeated or one off) are sometimes undertaken in certain
populations groups to understand in more depth risk factors for STI disease transmission or
to more accurately estimate disease positivity or prevalence. Some examples of repeated
cross-sectional surveys for STls using a convenience sample conducted in Australia include
the Gay Community Periodic Survey undertaken annually among gay men in most cities in
Australia to monitor self-reported testing and risk behaviour among gay men (15) and the
National Survey of Australian Secondary Students and Sexual Health undertaken regularly
since 1992 with year 10 and 12 students.(16) Although these surveys provide important
data regarding behaviours and potential risk factors for acquisition of STl infections,

biological samples are not collected, thus STI positivity was not able to be estimated.

True population-based prevalence estimation requires a high level of uptake in a
representative population sample and is often resource intensive so can be difficult to
obtain. An example of a population-based prevalence survey is the National Health and
Nutrition Examination Survey (NHANES) in the United States which is conducted every year
on a representative sample of individuals (around 5000 people) and combines both a
behavioural survey and physical examination.(17) The survey findings are used to

determine the prevalence of major diseases and risk factors for diseases.

One-off studies describing the prevalence of STls in Australia have been undertaken and
measure test positivity in convenience samples (usually routine health centre attendees) as
an indicator of the extent of infection within a population, though these primarily have
reported on chlamydia and few have been conducted in Aboriginal populations.(8, 18-20)
Estimates of incidence of infection, in addition to the prevalence, provides insight into the
duration of infection, a key parameter in determining the frequency of screening needed to
reduce rates of infection and thereby the burden of disease. In the context of the STRIVE
trial,(19) conducted across 65 remote communities in central and northern Australia, the
reported findings among almost 18,000 individuals of incidence of chlamydia, gonorrhoea
and trichomoniasis in men and women represents the largest study conducted of the

incidence in any population.(20)



Gonococcal antimicrobial resistance (AMR) monitoring

The Australian Gonococcal Surveillance Programme (AGSP) has continuously monitored
antimicrobial resistance in clinical isolates of Neisseria gonorrhoea (NG) from all states and
territories since 1981. (21) Given the inherent difficulties in specimen collection, transport

and culture methodologies (described in more detail in Section 1.2.2 Diagnosis of chlamydia

and gonorrhoea), and often vast distances between clinical services and gonococcal

reference laboratories in Australia, less than 20% of specimens testing positive for NG are
successfully cultured.(22) As a result, some laboratories in Western Australia routinely use
non-culture molecular-based techniques to detect markers of resistance in NG (PPNG) to

selected antibiotics.(22)

The WHO recommends that only drugs with an expected efficacy of 95% and above should
be used to treat gonorrhoea(23) and results of AMR monitoring are used to inform
recommendations on antibiotic choice for gonorrhoea in national and state based

guidelines in Australia.

Additional information related to AMR can be found in Section 1.3.2 and Section 1.4.1)

Geographic locations in Australia

Australia’s population distribution across geographical areas has been defined by the
Australian Bureau of Statistics (ABS) under the Australian Statistical Geographical Standard
(ASGS) in order to provide a classification for the release of statistics that inform policy
development by classifying Australia into large regions that share common characteristics
of remoteness. Areas within Australia are classified as Major Cities, Inner Regional, Outer

Regional, Remote and Very Remote.(24)

Aboriginal and Torres Strait Islander people

Aboriginal and Torres Strait Islander people are the Indigenous people of Australia. They are
not one group, but comprise hundreds of groups that have their own distinct set of
languages, histories and cultural traditions. The Australian Government defines Indigenous
Australians as people who are of Aboriginal or Torres Strait Islander descent, who identify
as being of Aboriginal or Torres Strait Islander origin and who are accepted as such in the
communities in which they live, or have lived. In most data collections, a person's

Indigenous status is based on the first 2 parts of the definition.(25)



The Indigenous (hereafter called Aboriginal) population make up approximately 3%
(669,900 people in 2011) of the Australian population and is much younger than the non-
Indigenous population. In 2011, half of the Aboriginal population was aged 22 or under

compared with 38 or under for the non-Indigenous population.(25)

In 2006, almost one-fifth of Australia’s Aboriginal population lived in a discrete Indigenous
community, with the majority of those being classified as Remote or Very Remote (see
Figure 2). (26) Virtually all of Australia’s remote Aboriginal communities are in the northern
half of the country, either in arid, central regions, or tropical zones of Queensland,
Northern Territory and Western Australia. People living in remote Indigenous communities
may experience more difficulty than other Australians in accessing basic housing,
infrastructure and community services due to their isolation from large population

centres.(27)

Figure 2: Discrete Indigenous Communities and the Australian Standard Geographical

Classification Remoteness Structure
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In 2006, just one in ten people were in a community which had a hospital. However, three-
quarters (75%) of people in remote Indigenous communities had an Aboriginal Health Care
Centre or other community health centre located in their community (see Figure 3). Access
to health facilities was influenced by the size of the community.(27) While most people in
Indigenous communities have access to Aboriginal Health Care Centres or community
health centres, not all centres have full-time trained medical staff able to provide treatment
services. Instead, health professionals such as nurses and doctors are required to visit

communities on a regular basis.(27)

Figure 3: Health service and community airstrip in remote central Australia




Aboriginal Australians have poorer health than other Australians and are more likely to die

at younger ages, experience disability and report their health as fair or poor.(25)

The mortality gap for Aboriginal people compared with non-Indigenous Australians is 12
years for males and 10 years for females. (28) Aboriginal people living in remote and very
remote areas experience higher age-standardised rate of years of life lost compared with
Aboriginal people in other geographical areas and have higher hospitalisation rates for
preventable diseases (ten times) than the national rate and have a higher death rate (three

times).(29)

About two-thirds of the Aboriginal-non-Indigenous health gap has been attributed to
chronic diseases such as cardiovascular disease, diabetes, mental disorders and chronic
lung disease.(25) Other factors contributing to poorer health relate to behavioural and
social disadvantages including education, unemployment, low income, discrimination and

poor quality housing.(25)

In 2008, the Council of Australian Governments (COAG; peak intergovernmental forum in
Australia) agreed to strive to address the disadvantages faced by Aboriginal Australians
across a range of areas including life expectancy, child mortality, education and

employment.(30) To monitor change, the following targets have been agreed to:

e close the gap in life expectancy within a generation (by 2031);

¢ halve the gap in mortality rates for Indigenous children under five by 2018;

e ensure access to early childhood education for all Indigenous four year olds in
remote communities by 2013;

e halve the gap in reading, writing and numeracy achievements for children by 2018;

e halve the gap for Indigenous students in Year 12 (or equivalent) attainment rates by
2020; and

e halve the gap in employment outcomes between Indigenous and other Australians

by 2018.

The most recent report from the Prime Minister indicates mixed levels of success in
meeting the agreed targets, however there is acknowledgement that achievement of these
will take a national commitment and resolve across Indigenous-specific and mainstream

programs.(31)



Epidemiology of STIs in Australia

The epidemiology of the curable STIs causing the greatest burden in Australia - syphilis,
chlamydia, gonorrhoea, trichomoniasis - and HIV are presented in more detail below to give

context and support the rationale for research conducted in this thesis.

Overall, Aboriginal people accounted for a disproportionate level (3 —27%) of all STIs (and
blood-borne viruses) diagnoses in 2014, and for many infections, this proportion may be a
lower limit, due to the incompleteness of reporting of Aboriginal status as noted earlier
(Figure 4).(10) Young people aged 15-19 years and those living in outer regional, remote
and very remote communities experience substantially higher rates of diagnoses per capita
of chlamydia, gonorrhoea and infectious syphilis compared to non-Indigenous people.(4,

10)

Figure 4: Proportion of all STl s and blood-borne virus diagnoses by Aboriginal and Torres

Strait Islander status, 2014
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Syphilis

Syphilis in Australia is concentrated among men, having male-to-male sex, primarily
residing in urban settings, and young heterosexual Aboriginal people, living in remote and

outer regional areas. (4)
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Among the almost 2000 notifications of cases of infectious syphilis (infections of less than 2
years duration) in 2014, the majority of cases were in males (92%) and 75% were in people
residing in major cities. (4) The rate of diagnosis of among men has increased (from 5.1 per
100,000 in 2005 to 15.9 per 100,000 in 2014) whereas the rate among women has

remained stable between 1.0-1.9 per 100,000 population.(4)

Very high rates of syphilis have been reported among gay men,(32) particularly those with
HIV, where the incidence of syphilis in gay men with HIV infection is up to five-times higher

than in those without HIV (2.5 vs. 0.5 per 100 person years). (33)

Data from the ACCESS sentinel surveillance system of sexual health services show that of
infectious syphilis diagnoses in males in 2014, 89% (722) were in men who have sex with
men. The infectious syphilis positivity was 4 times higher in men who have sex with men

with HIV infection than HIV-negative men (8% vs 2%).(4)

Based upon the 91% of diagnoses with Indigenous status reported, the rate in the
Aboriginal population was 4 times higher than that in the non-Indigenous population, and
over 300 times higher for those living in remote Australia compared to the non-Indigenous
urban population.(4) The male-to-female ratio of infectious syphilis notifications among the
Aboriginal population in 2014 was 1.1:1, 46% resided in remote/very remote areas, 38% in
outer regional areas and 31% were aged 15 — 19 years. This is in contrast to the non-
Indigenous population, where the male-to-female ratio was 33:1, 91% resided in urban

settings and 99% were aged >20 years.(4)

Congenital cases of syphilis are reported in the Aboriginal population with a peak in 2014 (5
cases) which coincided with a peak in infectious syphilis notifications during the same

period.(4)

Chlamydia

Chlamydia is by far the most frequently reported notifiable infection in Australia.(4) There
were 86,136 new chlamydia infections reported through the NNDSS for 2014, with 8%
among the Aboriginal population, 29% among the non-Indigenous population and
Indigenous status was not reported for 63%. Females accounted for 57% of diagnoses, 78%
occurred in those aged 15-29 years old, and 63% occurred in people residing in major

cities.(4)
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The rate of chlamydia diagnosis is higher in females than males (436 per 100,000 versus 310
per 100,000 in 2014), and after increasing for a number of years, the rate has remained
stable since 2011. Other groups with particularly high rates include the Aboriginal
population and people residing in regional and remote locations.(4) The rate of chlamydia
notifications overall in the Aboriginal population was over 3 times that in the non-
Indigenous population (1341 per 100,000 versus 389 per 100,000), with rates in remote
locations 7 times that for the non-Indigenous population (Figure 5).(4, 10)

Figure 5: Chlamydia notification rate (per 100,000) in 2014 by Aboriginal status and area
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2380d0001_2011; Includes jurisdictions (NT, QLD, SA, WA) in which Aboriginal and Torres Strait Islander status

was reported for more than 50% of diagnoses for each year

Using a modelling approach incorporating a number of data sources (including NNDSS
notifications, Medicare testing, and ABS population estimates),(34) there were estimated to
be just over 256,000 new cases of chlamydia in 15 — 29 year olds in 2014, only 26% of
whom were diagnosed.(4) These data highlight that the vast majority of infections remain
undiagnosed and hence untreated, emphasising the need for testing to be routinely offered

to sexually active adolescents, young adults and other populations at risk in Australia.(4)

A recent systematic review and meta-analysis of chlamydia prevalence studies in Australia
suggested the pooled prevalence in community or general practice settings was in the

range of 3.9-5%.(18) Prevalence was higher in younger people (<25 years) attending sexual
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health, family planning or youth clinics, with an estimated prevalence of 6.2% for women
and 10.2% for men.(18) Among the studies in remote areas where there was a
predominantly Aboriginal population, a pooled prevalence of 22.1% and 14.6% for
Aboriginal women and men <25 years, respectively, was reported.(18) Among those studies
that included age-stratified data, there was a clear trend of increasing prevalence with

decreasing age.(18)

Data from the STRIVE trial (19) suggest an overall prevalence of chlamydia (based on
detection of CT by NAAT in urine or vaginal/endocervical swab specimen at a laboratory) of
11.1% (women 12.1% vs men 9.7%), with rates of new infection extremely high, particularly
among 16-19 year olds.(20) In other analyses from this study, co-infections among young
people in this population were also very common, with nearly half of patients aged 16-19
years having one or more of chlamydia, gonorrhoea or trichomonas infection during the

study period.(35)

Chlamydia incidence among women attending primary care clinics in Australia has been
reported at a rate of 4.4 cases per 100 person-years and is associated with being aged 16 to
20 years, being employed and having two or more new sex partners. Reinfection was
common (22.3 cases per 100 person-years), with the median time to reinfection of 4.6
months.(36) In contrast, in an analysis of clinical service data as part of the STRIVE trial,
incident chlamydia among young Aboriginal women (16-19 year olds) was reported to be
29.2 per 100 person-years; and among men of the same age, the rate of new chlamydia

infections was also very high at 23.4 per 100 person-years.(20)

Gonorrhoea

Similar to the picture for syphilis, gonorrhoea in Australia occurs primarily in men having
male-to-male sex in urban settings, and in young heterosexual Aboriginal people living in

remote communities.

There were 15,786 cases of gonorrhoea notified in 2014; 23% of these notifications were
among the Aboriginal population, 44% among the non-Indigenous population and
Indigenous status was not reported for 33% of diagnoses.(10) The majority of notifications
were among males (73%) and more than half (67%) reported residing in major cities. (4)
These notifications represent a more than doubling of notifications in the last 5 years and

with diagnoses increasing in both males and females over this timeframe. One explanation
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for the observed increase in gonorrhoea diagnoses may be related to laboratories having
recently switched to using dual chlamydia and gonorrhoea tests recently where if a
chlamydia test was ordered, a gonorrhoea test would be conducted automatically.
Strategies to increase chlamydia testing in young people may therefore have led to a

substantial rise in the number of tests conducted for gonorrhoea.(4)

In 2014, the rate of diagnosis of gonorrhoea in the Aboriginal population was 18 times that
in the non-Indigenous population (859 vs 49 per 100,000) increasing to 69 times among
those residing in remote communities.(4, 10) Given the roughly equal numbers of males
and females contributing to diagnoses in the Aboriginal population, transmission is likely to

be predominantly heterosexual in this population.(4, 10)

In contrast, gonorrhoea diagnoses in non-Indigenous people in 2014 were predominantly
in men, suggesting that transmission is primarily related to sex between men, and most

(87%) resided in urban settings.(4)

Data from the STRIVE trial suggest a baseline prevalence of gonorrhoea (based on detection
of NG by NAAT in urine or vaginal/endocervical swab specimen at a laboratory) of 9.5%
across the remote study communities, with the prevalence in men higher than women
(10.4% versus 8.9%) and greatest in the youngest age group for both men (21.6%) and
women (20.1%).(20) There were an estimated 26.1 and 23.4 cases of gonorrhoea per 100
person-years in men and women respectively, with those aged 16-19 years having the

highest incidence. (20)

Trichomoniasis

Trichomoniasis is a notifiable infection in the Northern Territory. In this jurisdiction, most
infections reported are in women (84.7%) and Aboriginal people (96.7%), with the rate 82
times higher than that in the non-Indigenous population.(37) The youngest age groups (15-
19 and 20-24 year olds) had the highest recorded rates, however sustained high rates are
seen in those up to the age of 49 years.(37) The majority (83%) of trichomoniasis
notifications are in females and Aboriginal people (96.9%).(37) The upward trend in the
last few years may indicate increased testing rather than increased prevalence, with clinical

guidelines recommending annual testing since 2010. (37)
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Prevalence studies indicate that trichomonas infections are relatively more common in
remote areas and among Aboriginal women than in urban settings. A study undertaken in
sexual health clinics in rural and remote New South Wales (using NAATSs for diagnosis)
found prevalence to be higher (8.4%) than that reported in urban centres, especially among

Aboriginal women and those living in more remote areas.(38)

From the STIVE trial,(19) the estimated prevalence of trichomonas infection (based on
detection of TV by NAAT in urine or vaginal/endocervical swab specimen at a laboratory)
was 17.6%.(20) Women were 3.6 times more likely than men to be tested. Prevalence was
highest among women aged 16-19 years (31.5%), whilst among men the highest prevalence
was in those aged 35 years and older (7.8%). Interestingly, prevalence remained steady
across all age groups for men (range 5.6-7.8%) and declined slightly with age in women
(31.5%-20.2%).(20) One possible explanation suggested by Silver et al is that routine
screening for TV, introduced during the late 1990s in many Aboriginal communities, has
lowered the prevalence of trichomonas infection in the older women but among younger
women, who have a higher incidence, prevalence has been sustained through

reinfection.(20)

The incidence rate of trichomonas infection overall was 7.3 per 100 person-years, with the
rate being significantly higher in women (10.6 per 100 person-years) than men (2.4 per 100
person-years). (20) Trichomonas infection was associated with both chlamydia and
gonorrhoea infection, but the association was much stronger with gonorrhoea and in

women.(35)

HI

In 2014 in Australia the estimated HIV prevalence among adults aged 15 years and older
was 0.14%, which is low compared to other high income countries and other countries in
the region.(4) HIV infection in Australia is concentrated among men who have sex with
men, with a prevalence of 14-18% among gay men in the past ten years. (4) This estimate of
prevalence is based on self-reported HIV status and as such is prone to bias and likely not

representative of the community of men who have sex with men.

In 2014, based on newly diagnosed cases, sexual contact between men accounted for 70%
of cases.(4) Due to the availability of needle and syringe programs (NSPs) in Australia

(initiated in 1987), HIV infection is low among people who inject drugs with a prevalence of
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1-2% among people tested when attending NSPs each year.(4) Prevalence is <1% if gay and
bisexual men are excluded from the sample (0.5% in 2014).(4) The prevalence of HIV among
women involved in sex work is extremely low (incidence of 0.07% in 2014), and is attributed

to the promotion of safer sex practices.(4)

The annual number of new HIV diagnoses has gradually increased by 13% over the past 10
years, from 953 diagnoses in 2005 to 1,064 in 2012 and stabilised since then with 1081
cases of HIV infection newly diagnosed in Australia in 2014.(4) Based on 33 cases, the rates
of HIV diagnosis in 2014 among Aboriginal population was higher than in the Australian-
born non-Indigenous population (5.9 vs 3.7 per 100,000). (4) In the most recent five year
reporting period (2010 — 14), a greater proportion of HIV diagnoses in the Aboriginal
population were attributed to injecting drug use (16%) or heterosexual sex (20%) compared

with the Australian-born non-Indigenous population (3% and 13%, respectively).(10)

Among cases attributed to heterosexual sex, 23% were in people born in countries
recognised by the UNAIDS as having a national HIV prevalence above 1% (sub-Saharan
African and South East Asia), and 16% in people with sexual partners of people born in

these countries.(4)

Between 2012 and 2014, the notification rate of newly diagnosed HIV infections was higher
for the Aboriginal population compared to the non-Indigenous population (5.9 per 100,000
vs 3.7 per 100,000 in 2014).(10) In contrast to the situation for chlamydia and gonorrhoea,

where the burden among Aboriginal people is greatest in regional and remote locations,

the rate of diagnosis of HIV among Aboriginal people was highest in major cities.(10)

The above summary of the epidemiology of the four curable STls in Australia highlights the
importance of these infections at the national level and the disproportionate burden
experienced by Aboriginal people living in remote communities. The remaining sections of
this introduction and thesis focus on three of these STls - syphilis, chlamydia and
gonorrhoea — all of which are curable and for which new diagnostic technologies have
become available and have the potential to make a significant impact in terms of control of

these infections in Australia.
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1.2  Clinical features, diagnosis and treatment

STls can lead to a range of short and longer term consequences relating to sexual,
reproductive and maternal-child health. A diagnosis not only includes these physical and
clinical sequelae, but can also have a profound psychological impact, contributing to
feelings of stigma, shame and anxiety, and can negatively impact on sexual relationships

and result in intimate partner violence.(5)

1.2.1 Syphilis

Syphilis results from infection with the spirochaete Treponema pallidum subsp. pallidum,
and can manifest in three stages: (1) primary syphilis, which occurs within a few weeks to
months after infection; (2) secondary syphilis, which presents after a few months up to a
year; and (3) tertiary syphilis, which presents years to decades after primary infection. The
lesions of both primary and secondary syphilis may wax and wane, but they eventually
resolve without treatment. Latent syphilis is characterised by the absences of signs or
symptoms of active syphilis, along with evidence of syphilis infection (serological tests are
positive for T. pallidum). These stages can overlap, and they are frequently

asymptomatic.(39)
Clinical stages of syphilis

Primary syphilis is characterized by a firm, painless chancre at the site of inoculation, most
frequently in the genital, perineal or anal area.(40) The chancre lasts 3 to 6 weeks and heals
regardless of treatment. Most patients subsequently diagnosed with secondary syphilis do
not recall the lesions of primary syphilis. If the infected person does not receive adequate
treatment, the infection progresses to the secondary stage.(40) Secondary syphilis typically
starts with a non-pruritic rash, usually macular or papular, on the trunk and extremities,
classically including the palms and soles. Other symptoms may include alopecia,
lymphadenopathy, condylomata, and systemic symptoms. Without treatment, the infection
can progress to latent syphilis, which is further categorized as early (acquired during the
preceding year), late latent, or of unknown duration.(40) Tertiary syphilis is characterised
by cardiovascular syphilis (aortic lesions), gummatous syphilis (bone, skin and mucosal

lesions), and neurosyphilis (meningitis, dementia, general paresis and tabes dorsalis).(39) In
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the era of antibiotics, all but neurosyphilis are now infrequently seen in the developed
world.(40)

Table 1: Clinical stages of syphilis and common associated manifestations

Clinical Stage Clinical manifestations

Primary Painless ulcer(s)/chancre; commonly genital or perineal or perianal

area; lesion generally resolves without treatment

Secondary Systemic illness (fever, malaise, headache, muscle aches, itch,
lymph node enlargement); generalised macular/papular rash; self-

limiting

Latent Evidence of untreated syphilis (serological) with no clinical
symptoms of active infection

Early: up to 1 year since inoculation

Late: greater than 1 year since inoculation

Unknown: duration unknown

Tertiary End organ involvement (usually 1-20 years from time of acute
infection); includes cardiovascular syphilis (aortic lesions),
gummatous syphilis (bone, skin and mucosal lesions), and
neurosyphilis (meningitis, dementia, general paresis and tabes

dorsalis)

Syphilis and HIV co-infection

Syphilis is associated with an increased risk of acquisition and transmission of HIV through a
variety of mechanisms including disruption to the physical barrier of the epithelium and
mucosa by syphilitic ulcers, thus aiding the passage of HIV; and increased immune
activation of host cells, altered secretion of cytokines, and upregulation of transcription
factors altering cell cycles, and thus enhancing HIV replication.(41, 42) Co-infection with
syphilis in pregnant women has been reported to increase transmission of HIV to their

infants in utero compared to those who are infected with HIV alone.(43)
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Co-infection with HIV may alter the host response to syphilis(44) although clinical
manifestations of primary and secondary syphilis are generally reported to be
unchanged.(45) However, concurrent HIV infection may have an impact on neurological
involvement of syphilis with the risk of neurosyphilis increased in HIV-infected patients with

RPR titres >1:32 or in whom CD4 counts are <350.(46)

Mother to child transmission and congenital syphilis

Mother-to-child transmission (MTCT) of syphilis occurs via the placenta at any stage of
gestation. Because the transmission is haematogenous there is no primary lesion (chancre)
and infection is disseminated from the outset. Without treatment, pregnant women with
early syphilis will almost certainly transmit the condition to the fetus via the placenta,
though infectivity progressively declines to below 10% in late latent infection.(39) MTCT of
syphilis can result in fetal loss, stillbirth, or neonatal or childhood disease (congenital
syphilis).(39) Manifestations of congenital syphilis include a wide spectrum of severity, from
unapparent infection to severe cases that are clinically apparent at birth. An infant or child
(aged less than 2 years) may have signs such as hepatosplenomegaly, rash, condyloma lata,
snuffles, jaundice (nonviral hepatitis), pseudoparalysis, anemia, or edema (nephrotic
syndrome and/or malnutrition). An older child may have stigmata of syphilis (e.g.,
interstitial keratitis, nerve deafness, anterior bowing of shins, frontal bossing, mulberry

molars, Hutchinson teeth, saddle nose, rhagades, or Clutton joints).(47)

Diagnosis of Syphilis

Dark-field examinations and tests to detect T. pallidum directly from lesion exudate or
tissue are the preferred definitive methods for diagnosing early syphilis.(48) Although no
direct T. pallidum detection tests are commercially available, some laboratories provide
locally developed PCR tests for the detection of T. pallidum.(49, 50) As diagnosis by direct
observation is limited to patients presenting with an ulcer or appropriate lesion and access
to laboratories capable of the required detection techniques, this is not feasible in the

majority of circumstances outside specialised STI services.

Therefore in most cases, a presumptive diagnosis of syphilis relies on a combination of
serological tests (non-treponemal and treponemal tests). In resource-limited environments

syndromic management(39) and/or POC tests may be the only option available.(51)
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a) Non-treponemal (non-specific) tests

The RPR (rapid plasma reagin) and VDRL (Veneral Diseases Reference Laboratory) tests are
flocculation tests targeting detection of the antibody to the phospholipid, known as
cardiolipin. Antibodies to cardiolipin are not specific for syphilis and can be elevated in
patients with other inflammatory conditions including other infectious diseases (e.g.

malaria), older age and some autoimmune disorders.

Broadly equivalent, RPR tests can be read macroscopically while VDRL tests require a
microscope. The toluidine red unheated serum test (TRUST) is a variant of the RPR test. The
VDRL test is the only syphilis test recommended for CSF evaluation.(39, 52) These non-
treponemal (non-specific) tests are relatively sensitive in early infection (77 to 88% for
primary syphilis and 100% for secondary syphilis),(52) but tend to decline over the next

several years without treatment.(40)

Non-treponemal tests tend to correlate with disease activity and are used in follow-up to
monitor response to treatment. Active infection is suspected in patients who produce a
reactive RPR/VDRL, especially with a titre of >1:16, although lower titres should take into
account clinical presentation to detect early cases.(53) In general, a fourfold change in titre
is taken as evidence of cure, relapse, or reinfection. Test titres usually decline after
treatment and might become non-reactive with time; however, in some persons, non-
treponemal antibodies can persist for a long period of time - a response referred to as the

"serofast reaction."(48)

Although most frequently performed in a laboratory setting as part of a screening
algorithm, RPR can be performed at the point-of-care though performance is highly user-
dependent and the test is inherently difficult to perform and interpret for inexperienced

personnel.(44)
b) Treponemal (specific) tests

These tests detect the presence of antibodies to T. pallidum and may become positive
shortly before the non-specific tests.(39) They are considered specific for infection with
Treponemal sp. However, treponemal antibodies are also elevated in individuals with
infections with other Treponemal sp (non-venereal treponematoses) including yaws, pinta

and endemic syphilis; the epidemiology and transmission of these non-venereal
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treponematoses is very different - yaws primarily affects young children and transmission is
via close contact in humid tropical regions including Africa, Asia and the Western

Pacific).(54) Unlike syphilis, mother-to-child transmission does not occur.(54)

Figure 6: Common patterns of serological reactivity in syphilis
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There are a number of different test platforms available including indirect
immunofluorence (fluorescent treponemal antibody absorbed [FTA-ABS] tests),
agglutination testing using sensitized erythrocytes or gelatin particles (T. pallidum passive
particle agglutination [TP-PA] assay and T. pallidum haemagglutination [TP-HA], ELISAs
(ElAs), including variants that use chemiluminescence technology (CIAs).(52) All these
assays are highly specific (Table 2) and were initially designed for use as confirmatory tests.
However, those tests that are amenable to automation, namely some ElAs and ClAs, have

been licensed in some countries for use as initial screening tests. (52)

21



The sensitivity of these tests can vary depending on clinical stage of syphilis infection, with

most tests being at their most sensitive during secondary syphilis (Table 3). (52)

Table 2: Summary characteristics of serological tests for syphilis

Non-treponemal tests Treponemal tests
Characteristic RPR VDRL EIA TPHA-TPPA | FTA-ABS
Sensitivity 86 -100% 78-100% 84-98% 82-100% 70-100%
Specificity 93-98% 89% 97-100% 98-100% 94-100%
Average cost (USD) $0.5 $0.5 $3.00 $3.00 $3.00

(adapted from Peeling et al. 2004)
EIA: Enzyme immunoassay; FTA-ABS fluorescent treponemal antibody absorption; RPR: rapid plasma
reagin; TPHA: T. pallidum haemagglutination assay; TPPA: T. pallidum passive particle agglutination

assay; VDRL: Veneral Disease Research Laboratory

Table 3: Performance characteristics for selected syphilis serological tests by clinical stage

Sensitivity (%)
Clinical stage of syphilis
Tests Primary Secondary Latent Tertiary Specificity
FTA-ABS 98 (93-100) 100 100 96 99
TPHA/PA 82 (69 —90) 100 100 94 99
RPR 86 (81 -100) 100 80 (53-100) | 73 (36—-96) 98
VDRL 80 (74-87) 100 80 (71-100) | 71(37—94) 98

(adapted from Ballard et al. 2013)
FTA-ABS: fluorescent treponemal antibody absorption; RPR: rapid plasma reagin; TPHA: T. pallidum
haemagglutination assay; TPPA: T. pallidum passive particle agglutination assay; VDRL: Veneral

Disease Research Laboratory

Most patients who have reactive treponemal tests will have reactive tests for the

remainder of their lives, regardless of treatment or disease activity. However, 15%-25% of
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patients treated during the primary stage revert to being serologically nonreactive after 2--
3 years.(55) Treponemal test antibody titers are not recommended for use to assess

treatment response or to assess stage or reinfection.(39, 48)

Treponemal IgM tests are available but these are more technically difficult to perform and
may be limited to specialist centres. Detection of IgM is most useful in congenital cases as
IgM does not pass through the placenta, so its presence indicates infection in the neonate

rather than transfer of the maternal antibody.(53)

The use of only one type of serologic test is generally insufficient for diagnosis. As most
patients with a history of syphilis remain treponemal antibody seropositive for life,
treponemal-specific tests are unable to distinguish current, new infection from past
infection. To overcome this problem, a non-treponemal test is employed as part of the
diagnostic algorithm. As described above, non-treponemal tests are quantitative and can be
used to distinguish status of infection in the treponemal-antibody positive patient as the
non-specific antibodies being detected by these tests decline with duration of infection

(accelerated with successful treatment).

Another limitation associated with these tests is the possibility of false-positive test results
(in persons without syphilis). False-positive non-treponemal test results can be associated
with various medical conditions unrelated to syphilis, including other infectious conditions,
autoimmune conditions, older age, and injection-drug use; depending on the sequence of
recommended testing, persons with a reactive test should receive the alternative
(treponemal-specific or non-treponemal) test to confirm the diagnosis of syphilis.(48) As a
rule, the vast majority of false-positive sera show antibody titres of <1:4.(52) Although
pregnancy has long been considered a condition possibly associated with false-positive non-
treponemal tests, the rate of erroneous positive tests in pregnant women appears to be no

greater than in their non-pregnant counterparts.(52, 56)

Australian and many other laboratories prefer to screen using treponemal tests due to their
greater sensitivity in early primary syphilis and lower rate of biological false positive
reactions which may outnumber true positives in a low prevalence population.(48, 57) If a
treponemal test is used as the screening assay all reactive sera should be retested using
another type of treponemal assay and a non-treponemal test. A quantitative RPR or VDRL is

also essential for assessing the stage of infection and to establish a base line for response to
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treatment. Referral to a reference laboratory for further analysis of the humoral response

by immunoblot may also be useful.(48, 57)

Syphilis testing is recommended in clinical guidelines as part of antenatal screening, for
people at high risk, for those with symptoms and following sexual contact with confirmed
cases.(48, 58) In Australia, the STls in Gay Men Action Group (STIGMA) recommend annual
screening for syphilis among all men who have had any type of sex with another man in the
previous year, and more frequent screening (up to four times a year) for those at high risk
(having any unprotected anal sex; more than 10 sexual partners in six months; participate in
group sex; use recreational drugs during sex; or are HIV positive).(58) Syphilis screening
should be offered to all pregnant women. In regions where STls are considered endemic,
screening is recommended in the first trimester (or at the first antenatal visit) and between

28 and 36 weeks of pregnancy (or at delivery).(59)

Treatment of Syphilis

Parenteral penicillin G is the original, and remains the preferred, treatment for syphilis
globally. In most parts of the world this takes the form of long-acting benzathine penicillin G
injections, although some prefer daily injections with procaine penicillin, sometimes

boosted with probenecid, because treponemicidal CSF levels may be achieved.(39)

The recommended regimen for adults with primary, secondary and early latent syphilis is
benzathine penicillin G (2.4 million units) IM in a single dose, and for children 50,000
units/kg IM, up to the adult dose of 2.4 million units in a single dose.(48) For those with late
latent/unknown duration or tertiary syphilis, benzathine penicillin G 7.2 million units total,
administered as 3 doses of 2.4 million units IM each at 1-week intervals is
recommended.(48) An extended regimen is recommended if neurosyphilis is diagnosed,
usually involving intravenous aqueous penicillin or intramuscular procaine penicillin plus
oral probenecid for 10-14 days. Alternative non-penicillin based regimens (in the case of
allergy to penicillin-based regimens) include doxycycline 100 mg orally twice daily for 14

days or tetracycline (500 mg four times daily for 14 days).(48)

Treatment failure can occur with any regimen. However, assessing response to treatment
frequently is difficult, and definitive criteria for cure or failure have not been established.
Clinical and serologic evaluation should be performed 6 months and 12 months after

treatment; more frequent evaluation might be prudent if follow-up is uncertain.(48)
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1.2.2 Chlamydia and gonorrhoea

Chlamydia and gonorrhoea are presented together in the following section as these
infections are both frequently asymptomatic and when clinical symptoms do develop, their
presentation is often similar. Furthermore, individuals are frequently co-infected, screening
and diagnosis often involves detection of both causative organisms from a single specimen
as a matter of routine practice, and management guidelines direct clinicians to syndromic
or presumptive treatment that covers the possibility of both infections. Finally, without

treatment these infections can result in similar sequelae.

Clinical presentation

Chlamydia infection is caused by the bacterium Chlamydia trachomatis (CT). In women,
symptoms depend on the site of infection; infection of the urethra and lower genital tract
may cause dysuria and abnormal vaginal discharge or post coital bleeding, whereas
infection of the upper genital tract can causer irregular uterine bleeding and abdominal or
pelvic discomfort.(60) In males, urethral chlamydia infection may cause dysuria and a clear
discharge.(61) Other sites of infection include the rectum (causing proctatitis) and pharynx
(causing pharyngitis) both of which correlate strongly with age and sexual preference in
men.(62) However, the majority of chlamydia infections in both men and women are
asymptomatic. Detels et al estimated chlamydia was asymptomatic in 31.2- 98.4% of
women and 87.5-100% of men (63, 64) and if untreated, around half (54%) will persist

beyond 12 months, with a small proportion (6%) persisting for up to 4 years.(65)

Gonorrhoea, caused by the bacterium Neisseria gonorrhoeae (NG), can cause abnormal
vaginal discharge, bleeding and dysuria in women, and may result in urethral discharge and
dysuria in men.(63, 66) As with chlamydia, the majority of gonorrhoea infections in women
are asymptomatic; and in men approximately half of gonorrhoea infections are
asymptomatic.(63, 64) On average, untreated gonorrhoea infections will clear within about

4 months.(67)

As noted earlier, chlamydia and gonorrhoea infections are frequently asymptomatic,
remaining undetected, untreated and thus transmissible for long periods of time.(63, 68,
69) If left untreated, chlamydia and gonorrhoea can result in serious sequelae. This is
especially true for women, where infections can lead to pelvic inflammatory disease (PID)

and fallopian tube scarring, and can also result in ectopic pregnancy and tubal factor
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infertility.(40, 70) A number of studies have found that with just a few weeks delay
between testing and treatment, 2-5% of women with chlamydia infection have already
developed PID, and that up to 18% of these women may develop infertility.(71)
Furthermore, there is evidence from a study in the UK that almost 10% of women
developed PID within 12 months of chlamydia infection.(72) In men, the more severe
sequelae include prostatitis and balanoposthitis, (69) and orchitis and epididymitis, which

can in turn impact on sperm quality and male fertility.(69, 70, 73)

A range of adverse pregnancy outcomes are associated with these infections. There is
overwhelming evidence that gonorrhoea and chlamydia are strongly associated with both
preterm birth and low birth weight, (74-84) as well as miscarriage ,(78, 83) stillbirth,(83, 85)
premature rupture of membranes,(74, 83, 84, 86) postpartum endometritis,(83) and

ophthalmia neonatorum.(83)

As with syphilis, chlamydia and gonorrhoea can increase susceptibility to HIV infection. This
is believed to occur via a range of biological mechanisms, including as a result of disruption
to the protective integrity of the genital mucosa, and also through the associated
stimulation of the immune system which increases the production of CD4 lymphocytes,
both a target and source of HIV infection.(87) Among men who have sex with men, a
number of studies have shown that syphilis and rectal chlamydia and gonorrhoea place
these men at increased risk of HIV acquisition.(88, 89) STls also appear to increase the
infectiousness of HIV from men to women (evidence is more equivocal for the reverse), in
that individuals with HIV and inter-current STls have higher rates of genital shedding of HIV,
which diminishes when STls resolve.(87, 90) It is also well established that inter-current STls

enhance the risk of MTCT transmission of HIV.(91)

Diagnosis of chlamydia and gonorrhoea

Urogenital infection with CT and NG can be generally be diagnosed by testing urine or swab
(endocervical/vaginal in women or urethral in men) specimens. Extra-genital infections
require anatomically suitable specimens, such as rectal swabs and oropharyngeal

swabs.(92)

For many years the accepted standard for the diagnosis of chlamydia has been cell culture.
However, its stringent requirements including particular aspects related to specimen

collection (columnar epithelial cells from the cervix or urethra), transport (cold-chain) and
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technical expertise to culture (established cell culture system) make this technique
impractical in many settings.(62) Other non-culture techniques developed to overcome the
difficulties of cell-culture include enzyme immunoassay (EIA) and amplification of C.
trachomatis DNA or RNA. Amplification of target nucleotides on the CT plasmid by
polymerase chain reaction (PCR) methods is now considered the gold standard diagnostic
method. This diagnostic method using a nucleic acid amplification test (NAAT) can be fully
automated and are highly sensitive and specific. NAATs allow detection of very low level
organism making them suitable for use with self-collected urine and swab specimens as

well as standard clinician collected swabs.(53, 62, 93, 94)

Traditionally, as with CT, culture of NG was the gold standard for diagnosis of infection. This
methodology requires a well-collected specimen (clinical collected urethral [in men] or
cervical [in women] swab), inoculated on a highly nutritious medium, rapid transport from
the patient to the laboratory and incubation in appropriate conditions. The yield can be
variable and the methodology is intolerant of delays or inadequacies in the process as often
may occur when used for patients attending health services distant from pathology
providers.(53) The development of highly sensitive and specific NAATs, which are more
forgiving in terms of specimen collection and transport and are able to be highly
automated, has led to these assays becoming the diagnostic of choice across laboratories in

the developed world.

NAATSs for CT and NG are often coupled as dual infection is not uncommon in high risk

patients and dual testing of common specimens for two STls adds little or no extra cost
compared with the single test.(53) Although convenient and potentially cost saving, the
routine dual testing of CT and NG in Australia has led to an increase in false positive NG

results among low prevalence populations.(95)

At present, regulatory approvals are still pending for use of NAATSs to detect NG and CT
from extra-genital sites.(48, 53) For NG in particular, these samples are likely to be
contaminated with large numbers of commensal species of Neisseria, potentially leading to
false positive results. Some laboratories have established performance specifications for
using NAATs with rectal and pharyngeal swab specimens, making sure that specificity is not
compromised by cross-reaction with non-gonococcal Neisseria species. The sensitivity of
NAATs for the detection of NG in genital and non-genital anatomic sites is superior to

culture but varies by NAAT type. (48, 53)
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Despite the advantages of NAATSs for detection of NG, isolation and culture of viable NG
organism continues to be essential for the monitoring of antimicrobial susceptibilities,
particularly in cases of suspected or document treatment failure, and surveillance for
emerging resistance.(96, 97) W.ith clinical microbiology laboratories having moved away
from using culture-based methods to diagnose gonorrhoea, their ability to detect
antimicrobial resistance (AMR) has been undermined. Recent advances in molecular
techniques however have demonstrated their utility for the direct detection of genetic
markers of resistance or by association with genotype. Though in their infancy, molecular
AMR surveillance could be used to enhance current culture-based surveillance to detect the

threat of AMR.(96) AMR surveillance is described in more detail in Section 1.3.2.

Retesting at 3 months post treatment is recommended to detect potential reinfections
while proof of cure testing is not generally recommended, especially as NAATs at <3 weeks
after completion of therapy may detect the continued presence of non-viable organisms

and lead to false positive results.(48)

Treatment of chlamydia and gonorrhoea

Chlamydia infections are susceptible to antibiotics that interfere with DNA and protein
synthesis, including tetracyclines, macrolides, quinolones and rifamycins. Azithromycin
continues to be the treatment of choice for uncomplicated urogenital chlamydial
infection.(98) Recommended regimens for CT include oral azithromycin (1g) as single dose

or doxycycline 100mg twice a day of 7 days.(48)

Drug resistant NG is an increasing public health concern. In recent years there has been
widespread resistance to the first-line and second-line antibiotics used to treat gonorrhoea
including penicillin-based regimens and fluoroquinolones (i.e., ciprofloxacin, ofloxacin, or
levofloxacin).(21, 97) There are also reports of increasing resistance to third generation
cephalosporins, the last class of effective treatment available.(99) As a consequence, some
countries have increased the recommended dose of cephalosporin, and most now advise
dual therapy using an extended spectrum cephalosporin plus azithromycin which also
provided adequate coverage in the case of co-infection with chlamydia. (48, 100) In some
settings where antimicrobial resistance surveillance indicates continued low levels of
penicillin resistance,(21) penicillin-based regimens remain the treatment of choice for

uncomplicated urogenital NG infection.
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In Australia, ceftriaxone 500mg IMI, PLUS azithromycin 1g PO is recommended however,
penicillin-based regimens (oral amoxycillin 3gm and probenecid 1gm) are still
recommended in some remote locations in Australia where penicillin resistance remains

low.(59, 101, 102)
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1.3 Approaches to STl control

1.3.1 Models and control strategies

As with any infectious disease, control strategies for STls may be understood in the context
of the “transmission dynamics” model.(103) In this model, transmission of an STl is
dependent on the reproductive number (average number of new or secondary cases
generated by an index case) in a population over a period of time. The reproductive number
is a function of rate of partner change, probability of transmission of the STI during sexual
intercourse and the duration of infection. Reduction in the reproductive rate by one or a
combination of strategies theoretically will lead to a decrease in transmission and
consequently the number of cases and associated sequelae. STI control programs designed
with prevention as the primary focus, aim to modify risk behaviours (e.g. decrease numbers
of sexual partners or increase condom use) and/or reduce the duration of infections (e.g

early detection and treatment of infected individuals).

Another way of conceptualising control efforts is the “operational model” which identifies
the many different steps a patient with a curable STI will pass through before they can be
considered cured.(104, 105) This model represented in Figure 7 (also similar to a care
cascade model) is useful to identify opportunities for improvement at different stages of
care where patients are missed or “lost”. This model highlights the potentially large cohort
of untreated infections remaining in a population and represents a significant source for

ongoing transmission.

Figure 7: Overview of STl care cascade

Number of infections
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Number of infections detected

Number treated
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* (adapted from WHO Sexually transmitted diseases: policies and principles for prevention and care 1999)



Relative proportions at each stage will vary depending on the infection epidemiology,
symptoms, health care setting, access to diagnostics and treatment, and individual health
seeking behavior. The proportion of the population not aware of their infection (largely as a
result of being asymptomatic) represents an enormous opportunity to improve STI control
through screening strategies that encourage and enable early diagnosis and treatment
among this group. This might include opportunistic screening for those who are
asymptomatic but present to a health service for another unrelated episode of care or
annual community screening where testing services might be extended beyond the clinical

facility to include outreach or testing at large sporting or cultural events.(106)

Primary objectives of STI control programs are to reduce infection-associated morbidity and
mortality, prevent HIV infection, and reduce reproductive health complications including
adverse pregnancy outcomes.(107) Key strategies that have benefits across a broad range
of STls include promoting healthy sexual behavior, providing condoms and other barrier
methods, delivering acceptable, comprehensive and effective case management including
ensuring access to medicines and appropriate technologies (including rapid diagnostic or

POC tests and vaccines), partner notification and treatment.

The most recent WHO global strategy makes a strong case for integrating STI care more
widely into primary health care, sexual and reproductive health services and services that
provide HIV management.(107) It emphasizes opportunities to increase coverage by
working collaboratively with other government sectors, and with community-based

organisations and private providers.

Global strategies for STls are relatively rare, however in 2007 the WHO launched the global
initiative for the elimination of congenital syphilis as a public health problem.(108) The
initiative is based around four guiding principles: country-driven, adapted to the local level;
integrated, with other HIV,STI, reproductive and antenatal services; rights-based,
individuals are informed to be capable of participating in decision-making about their
health; collaborative, requiring a combined commitment of governments and other
partners in order to optimise scarce resources. (109) Though this is clearly a targeted
initiative, this strategy can greatly support current global STI control efforts, including those
outlined in the Millennium Development Goals of reducing child mortality, improving
maternal health, and combating HIV, malaria and other infectious diseases.(109) The

elimination strategy focuses on: ensuring advocacy and political commitment; increasing
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access to and quality of services; increasing screening of pregnant women and their
partners; and establishing surveillance and monitoring programs. Increasing screening of
pregnant women and partners, through the provision of diagnosis and treatment at the
point-of-care, is considered paramount.(109) To raise funds for and awareness of the
initiative, WHO and partners developed an investment case document that highlights the
cost-effectiveness, technical feasibility and political acceptability of the approach.(110) The
success of this global initiative depends on a comprehensive approach as no one strategy is

able to achieve the end goal.

1.3.2 STl control in Australia

The following sections provide more detail on STl control in Australia through description of
key components including the national strategy, management guidelines, screening/testing,
partner notification, national STl surveillance and antimicrobial resistance monitoring

(AMR). National STl and AMR surveillance is also mentioned earlier in Section 1.1.2.

National STI Strategy

Australia’s 3" National STI Strategy is informed by guiding principles encompassing human
rights, ensuring access and equity of health and community care, health promotion,
prevention, harm reduction, shared responsibility, commitment to evidence-based policy
and programs, and partnership and meaningful involvement of affected communities.(111)
As reflected by the epidemiology of STls in Australia presented in earlier (Section 1.1.2), the
strategy identifies priority populations in order to maximize the impact and sustainability of
responses. These include young people (<30 years of age), Aboriginal people, gay men and
other men who have sex with men, sex workers, culturally and linguistically diverse groups,

travelers and mobile workers, and people in custodial settings.(111)

Primary prevention strategies (i.e. safer sexual behaviour and condoms), combined with
secondary prevention strategies (testing, treatment and partner notification), are
considered to constitute the most effective response to the control of STIs.(111) Safer
sexual behaviour, including the use of condoms and water-based lubricants, remains the
primary tool for preventing transmission of STls. The early detection of STls (through timely
and appropriate testing and treatment and partner notification) is recognised as essential
to reduce further transmission, limiting the facilitation of HIV transmission and preventing

the development of complications. The National Strategy identifies the exploration of the
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feasibility, accessibility and cost-effectiveness of a range of existing and emerging testing
methods such as rapid and POC testing as a priority action. For those STIs which are largely
asymptomatic (in particular chlamydia and gonorrhoea), testing is largely through screening
strategies rather than diagnosis of conditions presenting with clinical symptoms. Improved
testing coverage and timely treatment of STls are both priority areas of action detailed in
the Fourth National Aboriginal and Torres Strait Islander Blood Borne Viruses and Sexually

Transmissible Infections Strategy.(112)

STI Management Guidelines

National (101) and state-based guidelines (59, 102, 113, 114) are available to guide clinical
staff in the diagnosis (including specimen types to collect and test to request) and
management of STIs (including antibiotic treatment recommendations and necessary
follow-up procedures). More targeted and specific guidelines are also available for general
practice (115) and for those providing care and services to clients of men who have sex
men.(58) These guidelines are regularly updated to ensure recommendations are in line
with the most recent evidence base, particularly with respect to antimicrobial resistance
profiles (primarily for gonorrhoea). Guidelines take into account epidemiology of the
infections which, as described earlier, varies considerably between urban and non-urban

settings and among different population groups.

Despite the widespread availability of highly accurate laboratory-based diagnosis and highly
effective antibiotic therapies in Australia, a ‘syndromic management’ approach,(116)
whereby immediate treatment is provided for suspected STls on the basis of specified signs
and symptoms, is practiced in most remote communities.(102, 117, 118) Specimen
collection and laboratory testing continues to occur in parallel to support the diagnosis
made and ensure that appropriate treatment was provided. In these remote settings,
syndromic management is considered an appropriate strategy as the prevalence of STls is
high, time to diagnosis can be long given the vast distances between clinical and pathology
services, and the population is highly mobile. Delayed treatment is associated with the risk
of ongoing STI transmission, and frequently patients do not return or cannot be found to
deliver the test results and treatment (if needed). For asymptomatic patients who test
positive for an STI, being recalled for treatment and initiation of partner notification is done
upon receipt of the result by the health service. Partner notification is discussed in more

detail in a following section.
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‘Presumptive treatment’ (regardless of symptoms or a confirmed diagnosis) is also
recommended in some circumstances,(58, 101, 102, 114) and refers to providing treatment
on the basis that a patient has a high probability of infection. For example, for an individual
who is the sexual contact of another individual with a known STI, or in settings where
background STI prevalence is high and an individual’s behaviour has placed them at risk.
Presumptive treatment given at regular intervals is known as periodic presumptive

treatment. (116) More discussion of presumptive treatment is provided in Section 1.4.3.

Some of the issues related to access and timeliness of diagnosis are likely to be less
significant in urban settings (119) however loss to follow-up may still be of concern among
certain individuals. Consequently, some patients presenting with symptoms may be treated
on the basis of clinical judgement while awaiting results of the laboratory diagnosis.(101) As
in remote settings, management of asymptomatic patients in urban areas is largely guided

by laboratory-based diagnostic testing.

STl testing

Testing for STls in a population may encompass the following approaches: offering testing
to symptomatic individuals presenting to a health centre; opportunistic screening whereby
clinicians test asymptomatic individuals at risk of STIs who present for any reason; or
through targeted screening of individuals at risk of STIs who may not access health care

regularly, often called “outreach”.

Testing recommendations take into consideration a number of factors including risk by
population (men who have sex with men, Aboriginal, pregnant women, sex workers, co-
infection with other STI/HIV), residential location (remoteness), change and number of
sexual partners and other risk behaviours such as condom use and unprotected anal
intercourse. Given the asymptomatic nature of chlamydia and gonorrhoea, Australian
guidelines generally advise annual (at least) screening for these infections in those who are
sexually active and aged 15 — 29 years (residing in urban areas) or less than 35 years
(residing in remote areas) or <39 years (residing in remote Queensland).(101) In Western
Australia (WA), the most recent guidelines now recommend screening those at risk twice
per year.(120) More frequent screening is recommended for high-risk individuals including
those with a previously positive test (recommended to be retested at 3 months) and men

who have sex with men (3-6 monthly).(101)
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Partner notification

Partner notification (also sometimes called “contact tracing”) is the process sexual partners
of a person found to have an STl are informed of their potential exposure and consequent
need for testing and treatment. For the person (index patient) with a curable STl such as
chlamydia, gonorrhoea or syphilis, partner notification aims to cure infection and prevent
re-infection. For sexual partners, partner notification aims to identify and treat
undiagnosed STls. The public health aim of partner notification is to interrupt chains of STI
transmission.(121) Testing of sexual partners of individuals diagnosed with STls generally
yields a higher rate of STIs compared with individuals unselectively screened for STls,

warranting efforts supporting partner notification.(122)

A number of approaches are available, but their implementation and success depend highly
on the cultural, legal and economic constraints of the setting. A recent Cochrane review of
partner notification interventions categorised these approaches as: (i) patient referral
whereby the index patient notifies their sexual partners directly; (ii) expedited partner
therapy whereby the index patient delivers medication or a prescription for medication to
their partners(s) without the need for medical examination of the partner; (iii) provider
referral whereby the health service notifies partners as named by the index patient); and
(iv) contract referral whereby the index patient is encouraged to notify partner(s) with the
understanding that partners will be contacted if they do not visit the health service by a
certain date.(121) This review of 26 trials across developing and developed countries was
not able to identify a single optimal strategy for partner notification for any particular STI
but suggested that expedited partner therapy was more successful than simple patient

referral in reducing repeat infection in index patients.

In most jurisdictions in Australia, current partner notification strategies rely on patient or
provider-initiated referral to notify sexual partners of their STl risk.(101) However, in
practice, given the sensitive nature of STl diagnoses and potentially labour intensive nature
of the process, partner notification is often carried out poorly, if at all. New attempts to
expedite the treatment of partners, who are either the source of the infection or at risk
themselves, have evolved as a pragmatic response to the failure of partners to attend
clinical services for testing and treatment.(122) One such approach is patient-delivered
partner therapy (PDPT). There is interest in implementing PDPT where suitable in Australia,

however in some jurisdictions the ambiguous legal state for clinicians to prescribe PDPT is a
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major barrier to implementing this potentially beneficial strategy.(123) Despite this, in one
Australian study almost half the general practitioners reported 'sometimes' or 'always'

using PDPT for chlamydia.(124)

STl surveillance

In Australia, STI data are collected through national notification systems including passive,
sentinel, enhanced, antimicrobial resistance surveillance systems and periodic prevalence
and incidence surveys, and provides an indication of the burden and epidemiology of STIs. A

more detailed discussion is provided earlier in Section 1.1.2.

Using a modeling approach incorporating a number of data sources (including NNDSS
notifications, Medicare testing, and ABS population estimates) to estimated chlamydia
infections,(34) clearly demonstrates the diagnosis step as the greatest gap in the STl care
cascade in Australia (Figure 8).(4) This highlights the need to increase coverage of testing in
Australia, particularly among young people in this 15 -29 year old age group, which

represents by far the highest risk group for chlamydia.

Figure 8: 2014 chlamydia diagnosis and care cascade in 15-29 year olds
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Gonococcal antimicrobial resistance (AMR) monitoring

The WHO recommends that only drugs with an expected efficacy of 95% and above should
be used to treat gonorrhoea.(23) The continued emergence and spread of antimicrobial
resistance (AMR) in NG is widely recognised as a global public health threat.(125, 126) The
WHO Gonococcal Antimicrobial Surveillance Programme (GASP) conducts surveillance of
antimicrobial resistance in NG in the WHO Western Pacific Region (WPR) and South East
Asian Region (SEAR) to optimise antibiotic treatment and control of gonococcal disease.(97)
In these regions, the progressive development of AMR in NG within and across antibiotic
classes over many years has compromised the treatment and public health management of

gonococcal disease.(97)

As described earlier (Section 1.1.2), the Australian Gonococcal Surveillance Programme
(AGSP) has continuously monitored antimicrobial resistance in clinical isolates of NG from
all states and territories since 1981. (21) Given the inherent difficulties in specimen
collection, transport and culture methodologies described earlier, and often vast distances
between clinical services and gonococcal reference laboratories in Australia, less than 20%
of specimens testing positive for NG are successfully cultured.(22) As a result, some
laboratories in WA have developed and routinely use non-culture molecular-based
techniques to detect markers of resistance in NG (PPNG) to selected antibiotics.(22) More
recently, a real-time PCR method to predict NG ciprofloxacin susceptibility directly in clinical

samples has been developed.(127)

As over 90% of gonorrhoea notifications in the remote regions of WA are based on
molecular diagnosis, it is no longer possible to rely on the NG phenotypic susceptibility
testing of isolates to ensure that empirical therapy maintains adequate efficacy.
Consequently, the molecular detection of PPNG using molecular-based techniques to
determine whether combination oral azithromycin, amoxicillin and probenecid continues to
meet the WHO criteria for effective treatment of gonorrhoea has proven highly
valuable.(22) Most recently, the development in detection of molecular markers aimed at
identifying susceptibility to ciprofloxacin,(127) has demonstrated the potential in the
recycling of previously effective antibiotics via the use of such markers inform individualized

treatment as strategy for the future.(99)
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On the background of current guidelines that recommend a dual therapy strategy of
ceftriaxone with oral azithromycin for uncomplicated gonococcal infection,(101) the most
recent AGSP report indicates AMR rates are increasing, with high level resistance to
azithromycin reported for the second consecutive year.(126) The report recommends as a
matter of priority the expansion of sentinel site surveillance programs involving patient
follow up and “test of cure” cultures after treatment of infections with NG, in particular
those with involvement of oropharyngeal sites.(126) As the next direction for treatment is
uncertain, continued monitoring of AMR to inform treatment and monitor interventions is

paramount.

1.3.3 Barriers to STl control in Australia

As highlighted in Figure 8, failure to diagnose curable STIs results in the greatest lost
opportunity to control the transmission these infections and subsequent associated
morbidity. Therefore, encouraging regular STI testing among young sexually active persons,

whether symptomatic or not, is critical.

In remote Australia, where care and management of STls is provided mostly through
primary care services, many populations fail to access health services regularly for STI
testing as a result of lack of services themselves, transport, stigma, perceived confidentiality

issues, and lack of awareness about STls.(128)

A recent literature review of outreach screening programs as a strategy to improve STI
testing coverage found the most successful were those that offered testing at existing
venues outside the usual health service (community centre or sports venue) but were also
targeted to specific under-tested, most at-risk sub-populations rather than simply aiming to
increase numbers tested overall.(128) Patients who do present with recognized symptoms
attributable to an STI are eligible for treatment according to principles of syndromic
management. (59, 102, 129) This approach has advantages in providing rapid treatment,
however it has poor sensitivity and specificity for detecting infection, leading to a missed
and/or over-treated infections when not combined with another laboratory-based

diagnostics.(130)

The majority of patients tested for STls in these remote setting are asymptomatic.(131)
These asymptomatic patients who have a positive test result will need to be recalled for

treatment at a later date once the positive test result is available. A recent review of STI
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programs in Aboriginal communities found up to 1 in 4 people remain untreated for
diagnosed STls and the average time to treatment is 21 days,(132) compared to 2 days in
urban settings.(119) Barriers preventing or delaying the provision of treatment to a patient
with a positive test result in these settings are well described in a recent paper by Hengel et
al (106) and include physical barriers such as the vast distances between health services
and reference laboratories and infrequent transportation of specimens; staff related
barriers such as delays in actioning results as a consequence of competing clinical demands
and more complex clinical consultations, and high staff turnover; infrastructure issues such
as under-utilised or failed IT systems; or patient related such as adverse health seeking
behaviours reducing the likelihood of returning for results or adherence to prescribed
treatment.(106) Approaches to overcome these barriers include strengthening systems for
orientation and support for new staff, checking of results and auctioning recalls, home-
delivery of treatments, and new technologies to allow for diagnosis at the time of

consultation.(106)
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1.4  Diagnostic and treatment approaches to control STls

As highlighted in the previous section, early diagnosis and treatment, including the
treatment of sexual partners, are critical components of STI control strategies in all settings.
Improved diagnostic and treatment approaches, including the use of point-of-care (POC)
tests, may be an avenue to improve STl control by providing the opportunity to offer rapid
and accurate diagnostic-directed treatment. In resource-limited settings where access to
any diagnostic tests is often impossible or unfeasible, the major benefit of POC testing is
through the identification of infections in asymptomatic patients who would otherwise be
missed (when syndromic management is primarily directing treatment); while in remote
Australia and similar settings where high-quality laboratory diagnostics are available yet
distances to laboratories are vast and population mobility is high, the benefits of POC
testing are most likely to result from improved treatment uptake (minimising loss-to-follow
up) and reduction in time to treatment (minimizing individual sequelae and onward

transmission risk in the community).

The following sections summarise the diagnostic and treatment approaches to control STls
currently in use, including laboratory-based testing, syndromic management, presumptive
and mass treatment. Newer approaches using POC tests are discussed including their

associated benefits and limitations, and their potential impact.

1.4.1 Laboratory-based testing

The vast majority of tests for STl diagnosis are performed in laboratory settings using
sophisticated, expensive, highly-sensitive equipment and conducted by trained technical
staff. Detail as to the specific diagnostic tests available and those currently recommended
for each infection (syphilis, chlamydia and gonorrhoea) have already been described

(Diagnosis of syphilis - 1.2.1; Diagnosis of chlamydia and gonorrhoea — Section 1.2.2).

The benefits of laboratory-based diagnosis include the use of very accurate testing
platforms which are capable of processing large numbers of specimens at any one time, and
thus being relatively cost-efficient. The processes themselves are often highly-automated
reducing opportunities for human error or contamination. Testing processes are
implemented and supported by trained laboratory technicians and the technologies utilised

have continuous support from manufacturers in the case of ongoing platform maintenance.
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In addition, laboratories usually participate in rigorous quality assurance processes and
adhere to stringent regulations regarding testing performance. In Australia, accreditation is
awarded by the National Association of Testing Authorities (NATA), the authority in the
assurance of technical standards.(133) NATA ensures that member facilities comply with
relevant international and Australian standards and so are competent to provide
consistently reliable testing, calibration, measurement and inspection data to government,
industry and the wider community. NATA accreditation requires a determination, formal
recognition and promotion of the competence of facilities to perform specific types of
testing, measurement, calibration and inspection against the relevant national and

international standards.(133)

Laboratories generally have robust laboratory information systems (LIS) that maintain a
database of processed specimens and results, which can be delivered to health services and
clinicians in an electronic format in many cases. As is the case in Australia, laboratories can
play a crucial role in alerting jurisdictional public health departments of positive tests which
meet case definitions for notifiable diseases, contributing to the NNDSS (described earlier in
Section 1.1.2). The reporting of these positive tests for selected STls is mandated through
public health legislation in most states in Australia and in some states, this may be the only
reliable source of notifications. Enhanced surveillance (laboratory and clinician
notifications) does occur but tends to be limited to particular diseases (such as syphilis, and

in some jurisdictions, gonorrhoea).

Though there are some regional laboratories in Australia, many of these do not routinely
perform diagnostic tests for STls. Thus the larger, centralised laboratories usually process all
specimens for STl testing from a wide geographic area and as a result, are in a unique
position to monitor for the development of gonococcal AMR and may be able to detect

early signs of increased resistance in these areas.

In Australia, these large laboratories are located in capital cities and may be thousands of
kilometres from remote communities and their health services. Specimen transport is often
limited to once or twice a week by plane from these services and during the time between
collection from the patient and testing at the laboratory, specimens may deteriorate,
reducing the viability of the target for detection and diagnosis by traditional culture-based
methods. With diagnosis of chlamydia and gonorrhoea having shifted to be predominantly

molecular-based (using NAATSs), this degradation issue is most pertinent for specimens
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being used to culture NG isolates for monitoring of AMR.(22) For the patient and health
service, the long delay in obtaining diagnostic results because of the significant distances
involved to transport specimens, means infectious patients are at prolonged risk of

individual sequelae and ongoing transmission to their partners.(40, 70)

See Section 1.3.2 for more detail on AMR monitoring.

1.4.2 Syndromic management

For the vast majority of the world where STls are endemic, laboratory access is limited or
simply not available.(134) In these resource-limited and other remote settings and where
there is high likelihood of patient loss to follow-up, syndromic case management is a key
strategy for STI control.(23) The syndromic management algorithms developed by the WHO
(and adapted locally to suit the disease epidemiology and antimicrobial resistance patterns)
identify well-described clusters of symptoms and easily recognised signs associated with
common STIs and recommend effective treatment regimens.(23) The main syndromes
identified include urethral discharge (UD), genital ulcer disease (GUD), vaginal discharge
(VD), and lower abdominal pain (LAP). The guidelines are designed to treat the usual
pathogens responsible for these syndromes without requiring confirmation by traditional

laboratory diagnostics.(23)

Syndromic management is simple, assures rapid, same-day treatment, and avoids
expensive or unavailable diagnostic tests. The approach works well for men with UD and
GUD but algorithms for VD lack both sensitivity and specificity for the identification of
chlamydia and gonorrhoea.(130, 135-137) Most women with the VD syndrome do not have
these cervical infections, but rather many have other vaginal infections (bacterial vaginosis
or trichomoniasis).(138) Because some STls lack obvious signs and symptoms, particularly
those associated with cervical and vaginal infection, patient risk-score assessments were
developed to improve the accuracy of these syndromic algorithms with some improvement

reported.(130)

Despite the success in rationalising and improving management of STl and its impact on the
STl epidemic, the success of syndromic management depends on the aetiological patterns
of the syndrome, and algorithms and guidelines need regular review to ensure they are
adapted to the epidemiological pattern of STls in a given setting.(139) In 2008, WHO

reviewed its guidelines focusing the syndromes of GUD and VD —the former because of the
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observed increase of herpes simplex virus type 2 (HSV-2) as the main cause of GUD in
developing countries, and the latter for its continued complexity and controversy as an

entry point for managing cervical gonococcal and chlamydial infections.(140)

It should be remembered that syndromic management was designed as a diagnostic tool in
symptomatic patients, and was not intended for use as a screening tool. As such, the use of
a syndromic approach to STl control when a large proportion of STls are known to be
asymptomatic, inevitably means that many infections remain completely undiagnosed and
untreated,(141) contributing to ongoing transmission in the community, and subsequent

morbidity and mortality.

The advantages and disadvantages of syndromic management (as summarized by Maynaud

et al.) are shown in table 4.(142)

Table 4: Advantages and disadvantages of syndromic management of STls

Advantages

e Problem oriented (response to patient’s symptoms)

e Highly sensitivity for the detection of infections among symptomatic patients and
does not miss mixed infections

e Treatment given at first visit

e Provides opportunity and time for education and counselling

e Avoids expensive laboratory tests

e Avoids unnecessary return visit for laboratory results

e Curtails referral to specialist centres

e (Can be implemented at primary care level

Disadvantages

e QOver-diagnosis and over-treatment with the following consequences:
o Increased drug costs
o Possible side effects of multiple drugs
o Changes in vaginal flora
o Potential for increased drug resistance
o Domestic violence

e Requires (re)training of staff

e Possible resistance to its introduction from medical establishment

e Cannot be used to detect infection among asymptomatic individuals
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As outlined in an earlier section (1.3.2 — STI management guidelines), in remote Australia,

despite the availability of laboratory diagnosis, syndromic management is

recommended.(59, 102, 117)

1.4.3 Presumptive treatment

‘Presumptive treatment’ (possibly in the absence of symptoms or a confirmed diagnosis)
refers to providing treatment on the basis that a patient has a high probability of infection.
For example, where an individual is the sexual contact of another individual with a known
STI, or where background STl prevalence is high and an individual’s behaviour has placed
them at risk. Presumptive treatment is recommended in some circumstances in
Australia,(58, 101, 102, 114) with the patients being offered treatment in addition to

specimens being sent to the laboratory for STl testing.

Presumptive treatment given at regular intervals is known as periodic presumptive
treatment (PPT). (116) PPT has been shown to reduce prevalence of gonorrhoea, chlamydia
and ulcerative STls among sex workers in whom prevalence is high.(143) Important
operational considerations include use of single-dose combination antibiotics for high cure
rates, reinforced condom promotion to reduce rates of reinfection, strong outreach and
peer interventions to increase coverage and utilization of services, and use of PPT together

with other intervention components to reinforce STl control and HIV prevention.(144)

1.4.4 Mass treatment

Mass treatment or mass drug administration (MDA) refers to the treatment of whole
populations irrespective of disease status and tends to include not only those at highest risk
(as are the target with PPT) but also those at lower risk as a result of a population level
approach. Mass treatment, as with PPT, is most useful in settings of high prevalence where

infection is frequently asymptomatic.

Mass treatment approaches have been used successfully to gain rapid control of epidemics
and as an integrated strategy for control and elimination of a number of “neglected tropical
diseases” including soil-transmitted helminthiasis, schistosomiasis, lymphatic filariasis,
onchocerciasis and trachoma. As part of the WHO roadmap for neglected tropical diseases,
there is a goal to eradicate yaws worldwide by 2020 through mass treatment with

azithromycin.(54, 145)
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MDA programs rely on the availability of inexpensive, effective and safe drugs that can be
administered to affected communities during annual or biannual programs. (146)
Fundamental to the expected success of such programs is the assumption that once the
prevalence of infection is reduced to below a critical threshold level, transmission will
remain low and re-emergence of the disease as a public-health problem is unlikely and may
be controlled by other factors, such as natural immunity. Although MDA is the cornerstone
of the control programs, they all require additional measures, such as vector control,
improved hygiene and environmental sanitation, and health education and

information.(146)

Mass treatment for STls is less widespread, though it has been shown to be an effective
approach in several studies. In Rakai, Uganda, as part of an HIV prevention trial in the mid-
1990s, mass treatment of STls resulted in a reduction in prevalence of syphilis and
trichomoniasis in the general population.(147) In Vancouver, Canada in 2000, a targeted
mass treatment approach was implemented in response to an outbreak of syphilis in urban
areas. The approach was considered because of the geographical concentration of people
at risk, good access to and support from the community, the failure of standard control
measures, and the availability of a suitable treatment drug (azithromycin). The approach
appeared to help control the syphilis outbreak in the short term with a reduction in

numbers of cases, however this reduction was not sustained.(148)

A mass treatment campaign targeting chlamydia was conducted in the Cook Islands and
Nauru in late-2000s with significant reductions in prevalence (more than 50%)
reported.(149) In the Solomon Islands, a recent study reported a 40% reduction in
prevalence of genital CT infection as a consequential benefit to an MDA initiative aimed at
eliminating ocular CT infection (trachoma).(150) The MDA approach may be an effective
strategy for use in some Pacific Island setting with small populations and discrete island
geography, however it is recommended that this approach only be considered if resources

and capacity to implement and sustain control measures are available.(149)

1.4.5 Point-of-care (POC) testing

Point-of-care (POC) tests are generally understood to be tests that are performed by
trained staff at the consultation interface between the patient and the health care provider

with the result guiding management decisions at the time of the same consultation. The
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setting itself may vary — from a large district health facility or an urban clinic but equally
may be a remote, low level dispensary or aid station, or even a temporary consultation
point as might be experienced by those providing mobile health services to highly mobile or
displaced populations. Shephard et al (151) provide a comprehensive definition of POC
testing: “pathology testing which performed by or on behalf of the treating medical
practitioner by a trained operator in an onsite clinical setting while the patient is in
attendance, allowing the rest result to be generated and used to make and immediate

informed decision that contributes to an improved health outcome for the patient”.

POC tests (also known as rapid tests in some contexts) are being heralded as a solution to
overcome many of the barriers experienced in settings with limited access to laboratory-
based diagnostics.(51, 152-156) The WHO Sexually Transmitted Diseases Diagnostics
Initiative (SDI) has developed the ASSURED criteria as a benchmark to decide if tests
address disease control needs.(51) These criteria are to be Affordable to those at risk of
infection; Sensitive (few false negatives); Specific (few false positives); User-friendly (simple
to perform in 3-4 manual steps with minimal training); Rapid (to enable treatment at first
visit with results in under 30 minutes) and Robust (reagents do not require refrigerated
storage); Equipment-free; and Deliverable to those who need them. The ASSURED criteria
have provided a useful structure to frame advocacy for research and development around
POC tests and guide evaluation of these tests once developed. More recently, with the
availability of new platforms based on more advanced technology some of these criteria
seem less important in terms of the ideal characteristics for POC testing.(157)
Understanding the relative importance of particular test characteristics to stakeholders,
and particularly the end-users, is important and likely will vary depending on a variety of
conditions including the infection type and sequelae, availability of treatment and
alternative approaches, and cultural, social and economic contexts in which the test will be

used.

Other important criteria needing consideration included acceptability to operators, other
health staff and patients; feasibility (in terms of implementation at the clinical site and also
in terms of program logistics, supply and support); cost effectiveness (affordability in the
context of a sustainable program including supply and delivery infrastructure,

implementation of quality assurance (QA) programs, training and maintenance of
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competency, waste control); availability of alternative management of presenting condition

when POC test is negative.

Benefits and limitations of POC testing

The potential benefits and limitations of POC testing are many and may be realised at a
number of levels (health service, clinicians and health care providers, patient and

community). These are summarized in Table 5.

The major benefit of POC testing relates to the ability to test and offer specific diagnosis-
directed treatment to the patient at the time of the initial consultation. Whether testing is
offered as part of an opportunistic screening approach or based on assessment of risk or
presence of symptoms, the outcome of reduced time to diagnosis and treatment has
significant downstream benefits. These include reduced time with infection (and therefore
reduced risk of individual sequelae and ongoing transmission) and reduced time to initiate
partner notification (limiting potential infectivity, ongoing transmission and reinfection). In
populations where there are barriers to returning for treatment such as in remote Australia,
the potential reduction in numbers of patients who do not receive treatment is critically
important. Also important, POC testing has the potential to increase coverage of STl testing
as ideally these tests are portable and require minimal equipment, making them suitable
for use in outreach or mobile service settings to provide screening to traditionally hard-to-

reach populations.

Other benefits of POC testing include the potential immediate cost savings to the health
system associated with no longer needing to store and transport specimens to centralised
laboratories, reduced overuse of antibiotics and reduced efforts for health staff to recall

patients for required treatment.

POC tests should be easy to use and require minimal training to become competent in
performing the test, meaning current staff are usually able to be the test operators. Having
the new responsibility and skills to perform a POC test which directly informs clinical
management can directly benefit staff and health systems through capacity building,

improved job satisfaction and staff commitment.
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Table 5: Potential benefits and limitations with POC testing

Benefits

Limitations

e Cost savings on specimen transport and
reporting as testing is performed on-site

e Minimal or no ancillary equipment
required (e.g. centrifuges)

e Can be performed by current staff (i.e.
non-laboratory trained staff)

e Ensure targeted use of available
resources (i.e. reduced unnecessary
treatments if results used to replace
syndromic management)

e Reduce time to result and thus timely
initiation of treatment and partner
notification (leading to reduced
sequelae and onward transmission and
reinfection)

e Reduce number of patients who do not
receive treatment because of loss-to-
follow up

e Reduce number of visits by patient (no
need to return for result and treatment)

e Reduce resources employed by clinic
staff recalling patients needing
treatment

e Health systems strengthening through
staff capacity building, improved job
satisfaction and health worker
commitment;

e Expanded reach of STl testing (to
outreach settings and hard-to-reach

populations)

e STI management guidelines need
revision and updating

e Training and refresher training of staff
required to perform POC test

e Increased workload for staff

e Time away from other clinical duties
while performing the test

¢ Need adequate physical space and
infrastructure for POC testing (including
IT connectivity for some newer
molecular POC tests)

e Responsibility of stock management POC
test and equipment supply

e Implementation of QA program

e Ongoing maintenance of POC test
equipment

e Generation and disposal of addition
(biohazard) waste

e Maintenance of confidentiality of results

e Recording of POC test results (as part of

patient medical record)

48




Use of POC tests is accompanied by a number of limitations. At the local level this includes
identifying suitable physical space to store POC tests and any associated supplies. Such
spaces may need a stable power supply, lighting, refrigeration, and relatively stable
temperature conditions as some POC tests do not store or perform well at extremes of
temperature and humidity as are often experienced in remote Australian and other
settings. ldentifying processes for managing waste (biohazard) generation and disposal
must also be considered and may require engagement of a new disposal service, at

additional cost.

Providing adequate initial training supplemented with refresher training to ensure those
performing the test (clinicians and health workers) are always competent to do so and have
confidence in the results is vital.(157) This is particularly difficult in environments where
staff turnover is high.(106) The need for already busy staff to set aside time to learn new
skills and then perform the POC test as part of routine clinical work can be problematic. In
addition to performing the test, staff may need to be responsible for POC test stock

management and test maintenance, again in addition to their already substantial workload.

Unlike test results generated through a centralised laboratory, POC test results may need to
be recorded manually in a patient record (if available) adding extra work and potential
opportunities for data entry error. Newer POC technologies may overcome this difficulty
with the generation of an electronic results record, however most POC tests still require
manual recording of test results. Maintaining patient and result confidentiality may be
problematic in small health services or outreach settings as POC tests may need to be
performed in a space shared by other staff or patients. Thought as to how to maintain

patient confidentiality in these circumstances is a high priority.

Implementation of a robust QA program (described in more detail later in this section)
along with well-monitored logistics and supply infrastructure can ensure the test quality

and end-user confidence in the POC test is maintained.

A major disadvantage of relying solely on POC testing is that antibiotic susceptibility for
individual patient management may not available through the same testing process, and
thus for monitoring and anticipating the development of resistance more broadly. As
described earlier (Section 1.3.2), current surveillance relies on isolates for culture to

monitor antimicrobial resistance patterns. Until molecular methods to determine resistance
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patterns become routine and more widely available in laboratories, (22, 96, 127) and
possibly incorporated as standard into POC test platforms (as is available for rifampicin
resistance testing with tuberculosis diagnosis using the GeneXpert test platform),(156) the
supply of viable specimens for susceptibility testing at laboratories will need to

continue.(21, 48)

Evidence of impact of POC testing for STls

As discussed above, the benefits of POC tests for STls have the potential to change clinical
practice. Whether these benefits translate to real patient and population outcomes can be

explored with modelling and operational research and trial methodologies.

Modelling studies

Mathematical modelling has demonstrated POC testing for STls can have a significant
impact on prevalence of STls. These models also demonstrate the importance of multiple
factors that influence the successes of POC tests. Gift et al (158) reported that screening
women with a POC test for chlamydia even with relatively poor sensitivity (63%) compared
to highly sensitive laboratory-based NAAT and culture tests could result in more treatments
despite fewer cases detected because POC testing allowed immediate treatment of
patients and avoided loss of patients who fail to return for treatment. This and a
subsequent modelling study by Vickerman et al (159) highlights the trade-off between test
performance and opportunity to treat at the time of consultation in settings where loss to

follow-up is frequent and delay in treatment may result in significant transmission.

A modelling study by Mitchell et al (160) explored the impact of implementing rapid POC
testing among female sex workers in China. The authors reported substantial reductions in
syphilis prevalence among this traditionally hard-to-reach population but highlighted the
importance of including strategies to reduce reinfections from regular non-commercial

partners in order to maximize the impact.

Kuznik at al (161) reported antenatal syphilis screening with POC tests was highly cost-
effective in 43 countries in Sub Saharan Africa, and that substantial reductions in DALYs can
be achieved with a relatively modest cost. Universal screening of pregnant women in clinics
could lead to a substantial reduction in adverse pregnancy outcomes (stillbirths, neonatal

deaths and congenital syphilis cases).(161)
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In the Australian context, Hui et al (162) investigated the impact of annual screening with
high performing chlamydia and gonorrhoea POC tests in settings of high endemicity. The
model predicts that over a 10 year period with high screening coverage (80%) using a highly
sensitive POC test (95%), chlamydia and gonorrhoea prevalence could be reduced from
rates of 11% and 7% respectively to less than 0.1%. The authors note the importance of the
combined effects of reduced time to treatment and increased treatment rate resulting from
use of POC test in screening, and that this also offers opportunity to improve other control
strategies such as partner notification and (where possible) partner-delivered

treatment.(162)
Operational research

Antenatal screening and treatment of pregnant women for syphilis is well established as a
highly cost-effective intervention(163) and investment in the prevention of MTCT of syphilis
is likely to contribute to improved maternal and child health globally.(110) Implementation
of syphilis POC tests is a fundamental intervention to increase access and coverage of ANC
screening of pregnant women in the strategy for the global elimination of MTCT of

syphilis.(109)

A recently published systematic review by Swartzendruber et al (164) evaluated the impact
of the introduction of POC (also called rapid) syphilis testing in ANC settings in low and
middle income countries. The review reported on six studies from eight countries in Africa,
Asia and Latin America where rapid syphilis testing in antenatal settings was recently
introduced and found that in all studies and all settings (urban and rural, low-level clinics
and tertiary referral hospitals) substantial increases in antenatal syphilis screening followed
introduction of rapid syphilis testing.(164) The authors note that introduction of rapid
testing did not appear to negatively impact antenatal HIV screening levels at sites already
conducting this intervention and, in fact, may have increased HIV screening in some
settings.(164) Other benefits noted included those for health care providers included
increased efficiency and job satisfaction. Barriers to effective implementation were
reported included ensuring adequate training, consistency of staff and quality of test
devices. The evidence reported in this review supports the strategy promoting rapid syphilis

testing in ANC settings with the goal of elimination of MTCT of syphilis (and HIV).(164)
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Unlike POC tests for syphilis (which are based on detection of specific and non-specific
antibodies in blood, plasma and sera), traditional POC tests for chlamydia and gonorrhoea
(which detect specific antigens in genital specimens), have not been widely implemented to
date as a result of a generally very poor performance.(165-167) However, recent
technological advances in POC tests for these infections have led to the development of a
highly accurate molecular-based platform, the GeneXpert.(168, 169) GeneXpert assays are
available for the diagnosis of a number of infectious diseases, including tuberculosis for
which it is most well-known and widely used at the POC following endorsement from WHO

in 2010.(156) [See following sections for more detailed discussion: Section 1.6.1 — POC test

formats, Section 1.6.2 — Syphilis POC tests, Section 1.6.3 — Chlamydia and gonorrhoea POC

tests]

Though not yet widely implemented or evaluated for routine use for STI diagnosis, in a
service evaluation published in 2014, a specialized genitourinary clinic in London (UK)
piloting the use of this new molecular POC test for CT and NG reported a reduced time from
testing to treatment compared with standard of care for asymptomatic clinic
attendees.(170) These early data demonstrate some of the anticipated short-term benefits
of POC testing using this technology and encourage further evaluations in a routine use

setting.

Quality assurance (QA) programs

Accuracy and reliability of any diagnostic or laboratory testing is critical to the success of a
diagnostic test program. In order to ensure testing reliability and reduce errors to a
minimum, to improve consistency between testing sites and monitor costs, a quality system
that addresses all aspects of testing process, from test procurement to use at the POC, is

essential.(51, 171-173)

While the principles of quality assessment should be the same in the POC testing
environment, the methods by which they are applied will vary, depending on factors such
as frequency of testing, complexity of the device, inbuilt checks manufactured into the
device, cost and practicality of providing the quality management system, and the fact that
non-laboratory-trained operators will most likely be performing the tests.(173) Such

schemes can be developed in conjunction with QA schemes for other diagnostic testing and

52



could be supported technically by a network of expert laboratories, inside and/or outside of

the country to take advantage of expertise and existing infrastructure.(51)

Quality assurance (QA) is an integrated management function that deals with setting policy
and running an administrative control system to ensure the usability of a test. It ensures
that a test is of the quality needed and expected by the operator. The objectives of a QA
program include: to assess the quality of specimen/sample collection and processing; to
document the validity of test methods, to monitor reagents, equipment, and the
performance of test procedures and personnel; to review test results; to provide feedback

for corrective action.(171)

Quality control (QC) is a system of routine and standard technical activities undertaken to
measure and control the quality of testing against a defined set of criteria or standards. It
ensures that testing procedures are performed correctly, that the environment is suitable
for reliable testing, and the test works as expected to produce accurate and reliable
results.(171) QC is an immediate check on the integrity of the POC test device (173) and
usually includes testing specimens of a known value using the same reagents and
equipment that are used for the specimen being measured. For POC tests this is not
possible as these devices are single use. While it is not possible to test each device, QC
specimens can be used to detect damage at a batch or lot level at different points in the

distribution of the test, including the POC.(171)

Internal quality control evaluates the accuracy of the test and verifies the operator’s ability
to perform the test and interpret the test result correctly. Through external quality
assessment, the performance of a testing site can be independently evaluated from outside
the laboratory or testing site. Methods for external quality assessment include traditional
proficiency testing, re-testing of specimens, and careful on-site monitoring using a checklist

and knowledgeable assessors.(171)

Considerations for introduction of STI POC testing programs

Through a regional consultation process, the WHO SDI identified and defined a number of
key elements and enabling activities that need to be addressed for the successful
introduction of POC tests for syphilis (through this could be applied more broadly to POC

tests for STIs). These are summarized in Table 6 (adapted from Peeling et al), and highlights
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the complexity and variety of stakeholders and evidence required to bring a new test into

program use.(51)

Table 6: Key elements and enabling activities for the introduction of rapid STI tests

Key element Enabling activities

Advocacy Define disease burden, problems and areas for
improvement, benefits of new POC test (morbidity and
mortality averted, cost-effectiveness)

Policy Accrue evidence required for change; determine fiscal
and human resource implications of change; feasibility of
implementation

Test algorithms and Discuss with stakeholders and experts; review current
treatment guidelines local/relevant guidelines

Test selection and Review test performance and operational performance
regulatory approval data; conduct (if required) local assessments/evaluations;

select test; review regulatory processes and ensure
approvals in place; negotiate test costs

Procurement and logistics Identify procurement processes including importation and
distribution in country; consider also medicines for
treatment; processes to avoid stockouts

Training and supervision Develop and adapt training modules and processes for
training across health system (including pre- and in-
service, and refresher)

Quality assurance Develop a quality assurance scheme for ensuring validity
of tests in remote settings and proficiency of health
workers (test operators)

Monitoring and evaluation Evaluate effectiveness and impact of POC test
introduction

Surveillance Monitor disease trends to assess benefit attributable to
POC test introduction

Communications campaign For stakeholders and target populations

Partnerships Develop partnerships to coordinate efforts and ensure
synergies, minimise duplication

Academic sensitization Workshops for professional societies and introduction of
new POC test strategy to continuing medical education
and clinical curriculum

The following section (Section 1.5) describes the pathway from test development to
program implementation, providing detail as to the processes and methodologies for
acquiring the ideal evidence base upon which to base decisions regarding implementation a

new POC test and strategy, with a focus on use in the Australian context.
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1.5  The evaluation research pathway: from POC test development to

program implementation

Public need and country policies can drive diagnostic innovation.(174) Innovative POC tests
have the potential to transform management and control of STls, not only in high-burden
and resource-limited settings but also in remote locations where distances to traditional
laboratories and loss-to-follow up are significant, with rapidly available results enabling
treatment to be offered at this same consultation. Without the complementary evidence of
operation research, good performance and ease of use may fail to translate into

impact.(174)

Tests are rarely used in isolation, and therefore studies are needed that evaluate not only
the performance of the test but also the testing strategy itself, taking into account when
and how a new test is used within a diagnostic pathway, how results are incorporated into
clinical management, and the effect of improved performance on decision making. Then, as
improved decision making is only one route by which tests affect patient health, further
empirical evaluations are needed to compare the effect of test strategies on patient

health.(175)

At the patient level, whether a new test will improve health outcomes, depends upon a
number of components including how the test is delivered, how the test result is produced,
how the diagnosis is made, how management is decided and how treatment is
implemented.(175) These components and their underlying mechanisms can be considered

as part of a “test-treatment” pathway and are summarised in Table 7.(175)
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Table 7: Attributes of the test-treatment pathway that affect patient health

Pathway component and

mechanism

Definition

Diagnostic test delivered

Timing of test

Speed with which a test is performed within the management pathway

Feasibility

Completion of test process. Reasons for non-completion are: patient

acceptability, tests contraindicated, technical failure

Test process

Patient interaction with test process

Test result produced

Interpretability

Degree to which test data can be used to inform a diagnostic

classification

Accuracy

Ability of test to distinguish between patients who have disease and

those who do not

Timing of results

Speed with which test results are available

Diagnosis made

Timing of diagnosis

Speed with which a diagnostic decision is made

Diagnostic yield

Degree to which the test contributes to a patient diagnosis in any form,
including: provision of a definitive diagnosis, confirmation of a suspected
diagnosis, ruling out a working diagnosis, and distinguishing between
alternative diagnoses with different treatment implications. Diagnostic
yield is difference from accuracy because it also incorporates any other
information used by a clinician to make a diagnosis (such as previous test

results/history/physical signs and symptoms)

Diagnostic confidence

Degree of confidence that clinicians and patients have in the validity or

applicability of a test result

Management decided

Therapeutic yield

Degree to which diagnostic decision affect treatment plans

Therapeutic confidence

Certainty with which doctors and patient pursue a course of treatment

Treatment implemented

Timing of treatment

Speed with which patient receive treatment

Treatment efficacy

Ability of the treatment intervention to improve patient outcomes

Adherence

Extent to which patients participate in the management plan, as advised

by their clinician, to attain therapeutic goal.
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Beyond the confines of the patient focused test-treatment pathway, other factors
influencing the impact of a new test and strategy include local disease epidemiology,
treatment availability, health seeking behaviours of the population (including loss to follow
up), current diagnostic practices (including specimen type collected and reference tests
available), health service infrastructure (including staffing), and acceptability of the new
test and its strategy for implementation to staff and clients. Potential difficulties associated
with the introduction of POC testing need consideration including the impact of POC testing
on current disease notification processes, antimicrobial resistance surveillance, clinical

management practices, and pre- and post-service clinical training.

A recent qualitative study by Natoli et al (176) highlighted the numerous anticipated
benefits and limitations encountered with the use of POC testing for STls in remote
communities in Australia. Among the public health benefits identified were a reduction in
the duration of infection through prompt treatment and partner notification, reduction in
prevalence and STl morbidity, more targeted prescribing possibly leading to a reduction in
overtreatment and mitigation of the development of antibiotic resistance, and an increase

in testing coverage through enhanced acceptability of STI testing.(176)

POC tests should be first considered in the context of the WHO endorsed ‘ASSURED’
criteria,(177) as described earlier (Section 1.4.5). Next, exploratory work should be
undertaken to assess the suitability of the population and setting being considered for POC
testing. The populations and settings in which POC tests are likely to have greatest benefits
are those in which disease prevalence is high, most infections are asymptomatic, there are
serious complications without treatment of asymptomatic infections, there is a lack of
laboratory infrastructure, low treatment uptake, and high loss-to-follow up rate. If
introduction of a POC test in such a setting could significantly improve the uptake and
timeliness of treatment, the next steps are to: (i) evaluate the accuracy of the test in the
laboratory (analytical performance) and the field (operational performance including ease-
of-use); and (ii) assess staff and patient acceptability of using the POC test in the identified

setting.

Laboratory assessments of new diagnostic tests are usually conducted in highly controlled
environments with relatively skilled staff. Specimens are generally well-characterised and
selected in order to determine technical accuracy, that is confirm the ability of the test to

correctly identify the presence of absences of the target in the specimen. (178) These
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assessments also allow for exploration of concentration thresholds and determination of
“cut-offs”, above or below which a test might be considered positive or negative. The
technical performance resulting from laboratory-based assessments often represents the

best possible performance that may be expected from the test.

A range of factors can influence test performance and impact outside of the laboratory
setting (i.e. in the field) including technical and operational errors, low coverage in the
target population, health systems constraints, and other political, cultural, socioeconomic
and behavioural factors. Field research is needed to demonstrate the diagnostic
performance of the test in a “real world setting”, along with an assessment of ease of use,
conditions of use, storage and shelf life(179) and may also offer the opportunity to evaluate
the impact of the POC testing program on disease incidence and associated morbidity (if
possible). This is particularly important for the introduction of STI diagnostic technologies,
as STl testing in primary care settings can be a low priority and health care staff may find it
difficult to discuss sensitive issues about sexual behaviours, may be unfamiliar with best
clinical practice, and there may be hesitancy to perform genital examinations. From the
patient perspective there is also significant stigma, shame and denial that accompany a
diagnosis of an STI. Other factors that may influence the impact of an STI POC program
included the asymptomatic nature of most STl infections; the significant harms
(psychosocial and societal) of false positive and negative results; frequency of co-infections
with HIV and other STI pathogens; and considerable heterogeneity in behaviours

(social/sexual and health seeking) among infected people.(174)

Planning, financing and conducting a portfolio of research that is comprehensive and
provides evidence in a timely manner is complex. Peeling et al (174) have described this
program science approach as “the systematic application of theoretical and empirical
scientific knowledge to improve the design, implementation and evaluation of public health
programs; its end point is a reduction in the incidence of disease at the population level”.
Figure 9 summarises the importance of program science in supporting the translation of

evidence of acceptable performance to policy and implementation.
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Figure 9: Evidence to Implementation: The importance of Programme Science
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Steps in the evaluation pathway may overlap and be implemented in parallel, however
often the results of the prior step critically inform the subsequent step and ensure its most

appropriate scope, design, and implementation.

The subsequent paragraphs in this section provide more detail on the variety of

methodologies within the program science pathway

e Section 1.5.1 describes evaluations to determine test performance, operational
characteristics and clinical utility (choice of reference test, test accuracy and
performance characteristics, study settings, study designs, limitations)

e Section 1.5.2 describes evaluations to assess impact of test implementation patient
and population outcomes, health service delivery, and costs (models, pilot projects

and randomized controlled trials).

1.5.1 Test performance and clinical utility assessments

When a new POC test becomes available, evaluations of performance and clinical utility are
important first steps, and are likely to be conducted in both laboratory and field-based

studies.

Characteristics to be assessed include:
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1. Performance characteristics (including sensitivity, specificity, PPV and NPV;
accuracy; concordance/agreement; reliability and reproducibility)
2. Operational characteristics (time taken to perform the test, technical simplicity or

ease-of-use, acceptability and stability of the test under field conditions)

Choice of reference test

Calculation of test performance indices, such as estimates of sensitivity and specificity,
requires a carefully selected clinically-relevant reference standard. Generally, the reference
standard most often utilised is one that is considered to be the most accurate available.
This is sometimes referred to as the “gold standard”. In the context of collecting evidence
for program implementation, the most suitable comparator may be the current method of
diagnosis being utilised. Evaluations of new tests that may be more sensitive than existing
standards usually require a composite reference standard as the comparator. Similarly,
where no reference standard exists or there is no agreement on the reference standard, a

composite can be constructed.(180)

Depending on the choice of comparator, there are different recommended ways to report

test performance. These are described in more detail below.

Test accuracy and performance characteristics

Test accuracy refers to the ability of a test to discriminate between those who have and
those who do not have the condition of interest. Accuracy is assessed by comparing the
results of the test under evaluation with the results of the reference standard, which aims
to classify patients as having or not having the condition.(181) Test accuracy is most often
expressed as the test’s sensitivity and specificity. Sensitivity refers to how often the
diagnostic test is positive when the condition of interest is present and specificity refers to
how often the same test is negative when the condition of interest is absent. In order to
estimate sensitivity and specificity, the new test is compared to the reference standard test
(also called the “gold standard”) among individuals who are representative of the
population in which the test will be used. This population should contain individuals both
with and without the condition of interest. Together, sensitivity and specificity describe
how well a test can determine whether a specific condition is present or absent. They

should be reported together as each provides distinct and equally important information.
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These results are typically reported in a 2x2 table (Table 8).(180)

Table 8: Standard 2x2 table to calculate sensitivity and specificity

Reference Standard

Condition present Condition absent
+ -
New + TP FP (PPV=TP/TP+FP)
Test
- FN N (NPV=TN/FN+TN)

(sensitivity=TP/TP+FN)  (specificity=TN/FP+TN)

(adapted from USDOH, 2007)

Where TP = number of true positives; FP = number of false positives; TN = number of true

negatives; FN = number of false negatives.

The estimated sensitivity is the proportion of individuals with the condition of interest (that
is who are “reference standard positive”) that are “New Test positive” (TP/TP+FN); the
estimated specificity is the proportion of individuals without the condition of interest
(“reference standard negative” ) that are “New Test negative” (TN/FP+TN). Sensitivity and

specificity are inversely proportional, meaning as one increases, the other decreases.

Two other important measures of test performance are positive predictive value (PPV) and
negative predictive value (NPV). Positive predictive value reflects the proportion of positive
new test results that are truly positive (TP/TP+FP), and NPV indicates the proportion of

negative new test results that are truly negative (TN/FN+TN). (151)

It is important to remember that PPV and NPV are both influenced by the prevalence of the
condition of interest in the population as well as sensitivity and specificity. For this reason,
even if a new test has excellent sensitivity, it will have a poor PPV in a population where the
prevalence of the STl is low, meaning most of the “new test” positives will be false
positives. In this type of low prevalence setting, the performance of the test in the

population is driven by its specificity.
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If a new test is compared to a non-reference standard rather than to a reference standard,
the usual sensitivity and specificity type calculations from the 2x2 table will produce biased
estimates of sensitivity and specificity because the non-reference standard is not always
correct. In addition, quantities such as PPV and NPV cannot be computed since the subjects’
condition status (as determined by a reference standard) is unknown. However, being able

to describe how often a new test agrees with a non-reference standard may be useful.(180)

Table 9: Standard 2x2 table to calculate concordance estimates

Non-reference Standard

+ -
New Test  + a b
_ c D

Total a+c b+d

(adapted from USDOH, 2007)

Data from Table 9 provides information on how often the new test agrees with a non-

reference standard rather than how often the new test is correct (as in Table 8).

The simplest measure to present is overall percent agreement: the percentage of total

subjects where the new test and the non-reference standard agree, calculated as follows:
Overall percent agreement = 100% x (a+d)/(a+b+c+d)

Overall percent agreement does not by itself adequately characterize the agreement of a
test with the non-reference standard. Therefore, it is more useful to report a pair of
agreement measures, positive percent agreement (PPA) and negative percent agreement

(NPA): PPA = 100% x a/(a+c) ; NPA = 100% x d/(b+d)

All agreement measures have two major disadvantages: “agreement” does not mean
“correct” and agreement changes depending on the prevalence (the relative frequency of
the condition of interest in a specified group; also called pre-test probability). It is
important to understand these differences in the way new POC tests performances are

reported when considering and comparing test evaluations in the literature.
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Precision refers to the ability of a test to give the same result upon repeated use with the
same sample. A test can be precise (reliable reproducibility) without being accurate or vice
versa. Although a test that is 100% accurate and 100% precise is ideal, in practice, test
methodology, instrumentation, and operations all contribute to small but measurable
variations in results. Precision is often reported as a kappa statistic and is intended to give
the reader a quantitative measure of the magnitude of agreement between tests or
observers (in the case of determining “interobserver” agreement) and corrects for
agreement by chance alone.(182) A kappa statistic of 1 indicates perfect agreement, where
as a kappa of 0 indicates agreement equivalent to chance.(182) The level of precision and
accuracy that can be obtained with a test is specific to each test method and is ideally
monitored for reliability through comprehensive quality control and quality assurance

procedures.

Reproducibility of results is the ability to obtain the same test result on repeated testing.
Reproducibility is influenced by analytical variability and observer interpretation. Analytical

variability is due to inaccuracy (systematic error) and imprecision (random error). (178)

Study settings

i. Laboratory-based studies

Analytical performance (or technical accuracy) of a test is assessed using well-characterised
samples and usually performed under laboratory conditions. Analytical sensitivity is the
ability to detect a specified quantity of the measure component/target. In these types of
studies, reference material that contains known concentrations of the component of
interest are used. Likewise, the analytic specificity is measured on samples that do not
contain the component of interest, but contain another component that may cause false
positive results. Such an assessment should be done for every new test under evaluation.
(178) A test’s analytical performance contributes to its diagnostic accuracy, however,
determining how the test performs in the clinical setting in which it will eventually be used

is crucial as the next step.

ii. Field studies

As noted earlier, there are many factors that can influence test performance (disease
prevalence, genetic variation of the pathogen, type of target antigen or antibody in test,

physical format of the test, local experience conducting diagnostic tests etc.). Field trials
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offer an opportunity to validate test performance in the setting in which testing will be

used, performed by the clinical staff providing care, among the target population.

Depending on resources and timeframes, field studies might be conducted in a number of
settings independently, however in some situations (to ensure adequate sample size,
logistical feasibility, and generalizability across a range of potentially important clinical

settings) a more coordinated, multi-centre approach may be warranted.

Study designs

Cross-sectional and cohort studies can provide high quality evidence of test performance.
They may be conducted retrospectively or prospectively. Studies in which data collection
occurs after the index test and reference test are done are considered retrospective, while
in prospective studies data collection is planned before the test and reference test are

done. The advantages and disadvantages for each summarized below and in table 10.(183)

Table 10: Study designs for evaluation of POC test performance

Study type Site Samples
Retrospective | Laboratory Well-characterised samples; archived specimens
Advantages Speed; economy; convenience; very amenable to

head-to-head (simultaneous) comparisons

Disadvantages | Poorer specimen quality; limited patient/clinical
information; consent waiver usually required

Prospective Laboratory or Fresh/recently collected specimens
field
Advantages Superior specimen quality; more generalizable

(depending on population); able to collect more
clinical/demographic information; potential to mimic
use in clinical setting; amenable to other study
objectives (assessment of cost effectiveness,
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acceptability, clinical impact)

Disadvantages | Costly; logistically challenging; if prevalence is low,
may take time to reach desired sample size

For studies aiming to evaluate more than one POC test simultaneously (also known as
“head-to-head” comparisons) using either a retrospective or prospective study design,
there are additional disadvantages of being more complicated to implement and analyse
but can provide individual and comparative accuracy assessment in a relatively economic

and timely manner.

Limitations of POC test evaluations

Studies of diagnostic accuracy are a vital step in the evaluation of new and existing
diagnostic technologies however several factors threaten the internal and external validity
of these studies. Common factors include inappropriate study group (such as mostly
symptomatic), inappropriate setting (low-prevalence leading to greater number of false
positives), inappropriate purpose (different performance characteristics depending on
whether used for screening asymptomatic patients, surveillance, verification of elimination
etc), inappropriate reference standard test, inadequate sample size (leading to wide
confidence intervals around performance indices), lack of blinding (possible inflating the

agreement between test modalities) and also inappropriate execution of the test.(179)

To improve the quality of reporting of studies of diagnostic accuracy and to allow readers
the opportunity to detect potential biases and judge the generalizability and applicability of
the results, the STARD (Standards for Reporting of Diagnostic Accuracy) initiative
commenced in 2003.(184) A checklist has been developed to guide the reporting of the
study abstract, introduction, methods, results and discussion and is summarised in Table 11

below.(185)
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Table 11: STARD checklist for reporting diagnostic accuracy studies

Section/Topic

Subsection

Comments

Title,
Abstract,
Keywords

Identify as study of diagnostic accuracy
e.g. MESH heading “sensitivity and specificity”

Introduction

State research question, study aims

Methods

Participants

Study population (inclusion, exclusion criteria,
setting locations); recruitment and sampling
process; data collection (retrospective or
prospective)

Test methods

Reference test and rationale; technical
specifications of materials and methods; definition
and rational for categories and cutoffs for tests;
training and expertise for test operators; blinding

Statistical
methods

Methods for calculating or comparing accuracy;
statistical methods for quantifying uncertainty and
reproducibility (if done)

Results

Participants

Study timeframe; clinical and demographic
characteristics of study population; number of
participants satisfying inclusion who did/did not
have tests; flow diagram recommended

Test results

Time interval between index test and reference
test; distribution of severity of disease (define
criteria) in those with target condition; other
diagnoses in those without the condition; cross
tabulation of index test and reference test results;
adverse events

Estimates

Diagnostic accuracy and measure of uncertainty;
estimates of variability of accuracy between
subgroups, readers, centres; reproducibility (if
done)

Discussion

Discuss the clinical applicability of the study findings

*adapted from Bossuyt et al 2003 (185)

Comprehensive guidelines have been developed and published outlining the recommended

approach to evaluating POC tests for syphilis and CT/NG. As with the STARD initiative, these

guidelines aim to standardize the approach to POC testing and to minimize bias and

inaccurate performance estimates.(179, 183)

Certainly, test accuracy is important and can act as a surrogate for patient-important

outcomes, however it is not enough to simply know the accuracy of a new diagnostic test,
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as no matter their accuracy, diagnostic tests are of value only if they result in improved
outcomes for patients.(186) Inferring from data on accuracy that a diagnostic test or
strategy improves patient outcomes will require the availability of effective treatment,
reduction of test related adverse effects or anxiety, or improvement of patients’ wellbeing
from prognostic information.(187) Thus, if performance results are acceptable and address
a public health need, then consultation with policy makers and stakeholders should guide
where the new test could be deployed to maximize health impact, and indicate the target

population for the next step in the evaluation pathway.

1.5.2 Patient and population level impact evaluations

The impact a test (and testing strategy) has on patient health and community outcomes can
be evaluated by decision analysis models that integrate multiple sources of evidence and/or
(where feasible) by a randomised controlled trial (RCT).(175, 188) Decision models use
existing clinical data to extrapolate, through a number of assumptions, the link between
intermediate outcomes (such as accuracy) and long term outcomes. RCTs of testing and
treatment interventions randomly allocate patients to tests, follow up subsequent
management and measure outcomes only after treatment has been received. A key issue
for these methods of evaluation is the selection of appropriate outcomes to be measured
or modelled in order to evaluate how the testing strategy affects patients and their

communities.

Modelling studies

Modelling studies can facilitate the interpretation of test performance measures by
connecting the link between testing and patient outcomes, accounting for uncertainties and
explaining assumptions, and allowing the systematic study of trade-offs and
uncertainty.(189) Models can explore clinical and population-level impact with sensitivity
analyses taking into account varying disease epidemiology and different testing conditions
(testing coverage, test accuracy, treatment success/failure). Modelling also may allow for

comparisons of different testing strategies.

Some of the difficulties and limitations encountered with modelling new testing strategies
includes scarcity of data on important parameters, transferring estimates of test
performance across studies, choosing modelling outcomes, and obtaining summary

estimates for test performance data.(189)
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Models exploring and providing an estimate of test impact at the population level can
provide evidence that complements accuracy studies and strengthen the case for further
evaluation of a testing strategy in research trials. Some key advantages of modelling studies
include generally requiring fewer resources and providing more rapid results than a larger
trial. A variety of testing scenarios can be explored to identify the optimal combination of
attributes (POC test accuracy, prevalence of infection, coverage of testing) in order to

achieve the primary health outcome.

When effectiveness data become available (following analysis of clinical trial data) models
can be used to evaluate cost-effectiveness of the testing strategy. Cost and cost-
effectiveness data are critical for policy makers when considering whether such a program

should be a priority for funding using scare health resources.

Pilot projects

Pilot projects, in addition to allowing small scale evaluations of diagnostic accuracy of the
index test (and possible alternative options through a head-to-head comparison) also offer
opportunities to gather information on feasibility, logistics of implementation and
appropriateness and effectiveness of training materials. Pilot projects also allow the
opportunity to confirm assumptions made about disease epidemiology and other factors
that might influence test performance. Pilot projects can strengthen collaborative
relationships and allow further engagement with communities and their health care
providers in which larger scale trials may be implemented in the future. The trust and

reciprocity garnered during these smaller scale projects is invaluable.

Information from pilot projects can be relayed back to the test manufacturer for
consideration prior to full scale research trial implementation.(174) This pilot environment
may also allow the opportunity for preliminary information to be collected on acceptability

of the POC test and strategy to stakeholders, operators and patients.

Other obvious advantages of the pilot project include the smaller scale and consequently
more feasible logistics and economics than a full trial, however it may be more difficult to
achieve an adequate sample size to allow for a statistically robust analysis of diagnostic

accuracy.
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Lessons learned from the pilot and modelling studies can inform the design of the larger

scale RCT.

Randomised Controlled Trials (RCTs)

In order to evaluate clinical impact and address key program design, implementation and
policy questions, larger scale trials are usually required. Such trials may also be well-placed
to evaluate training options, QA programs, large-scale logistics, jurisdictional roles and
responsibilities, sustainability, potential adverse effects on community, health service staff,

health system and cost.

Properly conducted RCTs are the gold standard for assessing the effectiveness and safety of
interventions.(190, 191) Key generic features of the RCT include: random allocation of
patients to intervention groups; patients and investigators should remain unaware of which
intervention is being implemented until the study is completed (although such double blind
studies are not always feasible or appropriate); patients are analysed within the group to
which they were allocated, irrespective of whether they experienced the intended
intervention (intention to treat analysis); the analysis is focused on estimating the size of

the difference in predefined outcomes between intervention groups.(192)

A diagnostic RCT may be defined as a randomised comparisons of two diagnostic
interventions (one standard and one novel) with identical therapeutic interventions based
on the results of the competing diagnostic interventions (for example, disease: yes or no)
and with the study outcomes being clinically important consequences of diagnostic
accuracy.(190) Such RCTs of tests can measure patient and population outcomes and the
important management processes directly to understand why and how changes to patient
health have occurred (if indeed they have).(175) Diagnostic performance (as described
earlier in Section 1.5.1) can also be determined when the gold standard and the novel test
are both conducted but the results of one test are randomly kept blinded.(190) The process
of randomisation ensures that differential contextual biases are eliminated as both
competing strategies are evaluated in groups with similar characteristics including disease

prevalence.

Interventions that operate at a group level, manipulate the physical or social environment,
or cannot be delivered to individuals are best evaluated using a group or cluster-

randomised design.(193) Differences between the cluster-randomised and individual-
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randomised trial include that the unit of assignment is an identifiable cluster or group (such
groups are formed not at random but rather through some physical, social, geographic, or
other connection among their members); different clusters are assigned to different
interventions; the units of observation are members of the cluster; and usually only a

limited number of groups are assigned to each intervention.(194)

Diagnostic RCT of tests may be more difficult to design than randomised studies of
treatments as the benefits from testing may be limited to a subset of those tested, so
sample size requirements can be substantial. Another limitation for diagnostic RCTs is that
patients should not ethically be placed in a position of being randomised to a known
inferior diagnostic procedure for the sake of research. Thus investigators must substantiate

clearly that the interventions are (highly likely to be) in diagnostic equipoise.(190)

Diagnostic RCTs need a well-defined protocol that links testing, results, and downstream
decisions. As a result, such trials evaluate the effectiveness of testing as well as that of
downstream management. These protocols may not always mimic the way the test will
ultimately be used in practice, and in addition clinical staff compliance with such protocols

may be difficult, limiting the external validity of the trail results. (188)

Another variation on the standard RCT is the cross-over design. Cross-over trials are another
way of overcoming differences in groups by keeping the patients as matched as possible.
Instead of having different patients in each intervention group, patients receive first one
intervention and then the other, in a random order. Within-patient differences are then
compared. Thus each patient effectively becomes their own ‘test’ and ‘control’. (195) An
advantage of the cross over design is the increased power to detect an effect: that is, a
crossover trial requires a smaller sample size than parallel-group trials to meet the same
criteria in terms of type | and type Il error risks.(196) The importance of the “washout
period”, time between switching between one intervention and the other, will depend on
the intervention itself and will need to be considered in the design and analysis of study

results.(196)

Clinical impact and patient relevant outcomes

In designing an RCT, it is important to determine the most appropriate clinical outcome and
how it will be measured. In some cases, when the time between the intervention and the

ultimate clinical outcome is long and thus impossible to measure in the timeframe of the
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RCT, the outcome selected for measurement may be a proxy or an intermediate outcome.
For example, although the hypothesis behind implementing POC testing for STls is that
programmatic use will lead to a reduction in incidence and population prevalence of STls,
the RCT designed may not be able to detect such change in the available time frame. Thus a
short-to-intermediate outcome might be chosen in place, such as reduction in re-infections

at 3 months among patients with a positive.

Acceptability

The mere availability of a high-performing POC test does not ensure uptake by service
providers or end users.(157) The needs and wishes of the end-user are very important and
are an often neglected focus of POC test research. (197) In her review of the literature,
Natoli (198) notes that test acceptability to health care workers and patients is critical to
support the introduction and sustainability of POC testing and includes a range of factors
including the perceived reliability/accuracy of the test and confidence in the test result;
complexity of test (manual, timed steps particularly); ease of interpretation of test result
(subjectivity of reading result); nature of specimen collection (complexity and patient
discomfort); time taken to perform the test (hands-on and total time to result); impact of

POC testing on clinic workflow; and cost and maintenance of POC test.

The context of an RCT can provide the opportunity to formally assess the acceptability of a
new test and testing strategy among healthcare workers and clinicians who will ultimately
be the test operators, and among patients and the communities who will be the immediate
beneficiaries of the new strategy. Other stakeholders, including those in management and
policy positions, are also important subjects for this research. Such research might involve a
mix of qualitative and quantitative methodologies (198) and aims to contribute to the
understanding of the potential benefits and barriers to POC test implementation, thus
improving design and opportunities for program success, and ideally the realisation of

anticipated benefits at the population level.

Quality assurance (QA)

As described earlier in Section 1.4.5, a QA program is an essential element to any POC
testing program.(173) As part of the RCT, the QA program might be designed to reflect
what might be suitable should POC testing be expanded or implemented programmatically

following the trial.
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The trial setting allows for investigation of alternative or novel methods for QC testing in
collaboration or consultation with existing QA programs and implementing bodies such as
NRL (199) or Royal College of Pathologists of Australasia Quality Assurance Programs
(RCPAQAP).(55) Evidence can be collected as to the feasibility and predicted cost of the QA

program for programmatic expansion.

Cost and cost-effectiveness

As with any program, whether government or non-government, limited health resources
need to be prioritised and having relevant data to estimate of the costs associated with
implementation of a new STI POC testing strategy (and compared to alternative strategies)
is critical to make informed decisions about resource allocation. In the context of
introducing STI POC tests, cost and cost-effectiveness analyses can help determine how
these tests can contribute to reducing the burden of STls across a range of settings and help
prioritise optimal strategies. Collection of site specific costs generates data necessary to
model the costs of scaling projects up regionally or nationally. It will also contribute to
exploring the best use of optimal testing strategies and more generally aid decisions about

the best use of present and new resources for STI screening.(200)

In general, the cost per person screened and treated depends largely on the cost of the test
and the prevalence of the STI, with a higher prevalence usually resulting in a lower cost per
person screened. In some circumstances, integrating a POC testing strategy into an already
established program (as with syphilis POC testing added to PMTC HIV screening in ANC
settings) may be particularly cost-effective as personnel time and building space can be
considered shared costs, especially in countries that have made a strong commitment for

the joint elimination of MTCT HIV and syphilis.(174)

As part of the formal trial setting, an economic evaluation may be conducted from a
defined perspective (societal, provide or household) to determine costs of all relevant
health care resources (e.g. training, equipment, consumables, staff time, treatment, follow-
up etc.) used in STl testing and in managing patients after testing. Analyses may involve a
comparison of costs between POC tests and conventional laboratory-based tests, health
care resources used in the syndromic management of patients, and management of

patients after testing (standard care).
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Should the POC testing intervention prove to be effective in terms of the clinical outcome
being measured (e.g. reduction in reinfections or prevalence in the community), cost-
effectiveness can be reported in terms of incremental cost per additional STI prevented.
However, if feasible, this incremental cost-effectiveness ratio (ICER) may also be

extrapolated to the cost per additional quality-adjusted life year (QALY) gained.

Costs and benefits can be examined over the time horizon of the formal trial and then
extrapolated over the life-time of a cohort of a target population. Some of these outputs
from such mathematical models will be critical inputs to economic analyses. Sensitivity
analyses of the modelled outcomes to variations in assumptions underpinning the model

and in input parameters can also be undertaken.

1.5.3 Program implementation and evaluation

The robust and comprehensive evidence generated through the research studies described
along the evaluation pathway will critically inform the design and implementation of any
new POC strategy. This can be supplemented with an understanding of cultural contexts,
training and site preparation needs, funding and reporting arrangements. Engagement of
policy makers, stakeholders and other potential partners as peers throughout all the study
periods, complemented by well communicated results, is critical to the next phase of

program implementation.(174)

As described earlier in Section 1.4.5, there are a number of key elements and activities to
facilitate implementation of a new program of POC testing. The monitoring and evaluation
element fits well within the program science pathway. A well-designed monitoring and
evaluation plan will ensure that the program is achieving the desired and expected
outcomes, especially those longer term outcomes that may have been beyond the scope of
direct measurement with a RCT. Program monitoring and evaluation is also very important
to identify unintended negative or detrimental impacts resulting from implementation. For
example, making sure the introduction of a novel POC test which is only able to detect a
subset of potential STIs (chlamydia and gonorrhoea) does not lead to neglect of traditional
testing for other STls (such syphilis, HIV, trichomoniasis) or loss of viable specimens for

monitoring antimicrobial resistance.
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1.6  Current status of POC tests: syphilis, chlamydia and gonorrohea

POC tests are considered to be those that are performed by trained staff at the consultation
interface between the patient and the health care provider. Though there is some variation
in what constitutes a “simple” or “easy to use” test or a “rapid” result, the critical element

that supports the major benefit of the POC test is that the result generated is able to inform

clinical decision making and patient management during the same consultation.

This section provides an overview of technical aspects of POC tests, with a comprehensive
summary of the currently available POCs for syphilis, chlamydia and gonorrhoea including
their advantages and limitations. The section concludes with a synopsis of POC testing in

Australia.

Note: Currently utilised laboratory-based reference tests for these infections are described

in earlier sections (Section 1.2.1 and Section 1.2.2)

1.6.1 POC test formats

A variety of test formats and detection methodologies are utilised for STI POC tests. POC

tests for a specific infection may detect either/or a combination of

1. Serological markers (such as specific antibodies or non-specific antibodies
associated with the presence of the target pathogen)

2. Antigens (unique to the pathogen)

The most widely available format utilises a lateral flow technology, which is based on
similar general principles as enzyme-linked immunoassays (ELISA) as performed in
laboratories. In general, a specified volume (usually 1-2 drops) of suitable specimen (e.g.
swab fluid, urine, blood or serum) is added and washed with a buffer solution along a
nitrocellulose (immunochromatographic [IC]) strip. As the sample progresses via capillary
flow, it encounters regions on the test strip with immobilised anti-immunoglobulin (bound
with a dye or colloidal gold) capable of capturing either the desired infection-specific
antibody or antigen. If capture occurs, a visible colour change is generated at that location
on the strip. The test operator observes this colour change and records this as a positive
test result. Such platforms always include a control region on the test strip. If this control

line is not activated upon completion of the test, then the test result is invalid. Lateral flow
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tests may contain one or more regions for detection and can also support a mix of antigen
and serological elements for detection. In some circumstances, test manufacturers have
developed electronic readers capable of detecting the colour change on the test strip,

relieving the operator of this subjective interpretation.

An alternative format used in some POC test devices uses particle agglutination technology.
These test formats use gelatin particles coated with disease specific antigens that clump
together on a test tray when combined with the specimen containing the target

antibodies.(201)

Advantages of this lateral flow format (see Figure 10) include: rapid time to results (15 -20
minutes), small, compact, robust and highly portable, stable at room temperature, no
electricity required, simple and easy to use, and minimal waste generation. Disadvantages
of this format include: non-quantifiable result (therefore not useful to monitor response to
treatment), critical timed steps and time to read result (requires timing device and
availability at precise time to read result), results not valid if read beyond recommended
time (and thus no permanent record of result), specimen preparation required in some
circumstances (e.g. need to centrifuge specimen), subjective interpretation of result (inter-
observer variability), potential exposure to (bio)hazards through self- or workspace

contamination (which may depend on levels of operator skill and experience).

Figure 10: Example of a typical lateral flow test in cassette format

Sample well (S), test result (T) and control (C) regions as indicated

Technological advances in recent years have led to the development of POC tests based
upon molecular detection methodologies, which have until now been restricted to use in

well-controlled laboratories with trained technicians. These molecular methods utilise the
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technique of polymerase chain reaction (PRC) to amplify unique pathogen-specific nucleic
acid sequences. When the amplified target reaches a critical predetermined cycle
threshold, the target is considered to be “detected”. In the case of using this technique as a
diagnostic test, reaching the threshold indicates a positive test result. This technique for
use at the POC has only recently become available for a selection of STls (chlamydia,
gonorrhoea and trichomoniasis), however it has been available for some time as a POC
diagnostic for tuberculosis and has demonstrated excellent sensitivity and specificity for

detection of this infection (in those with and without HIV).(156, 202)

1.6.2 Syphilis POC tests

Currently available POC tests for syphilis are primarily IC assays that use lateral flow
technology and are capable of detecting target antibodies in a specimen (whole blood or
serum or plasma). Traditionally, these tests use treponemal-specific antibody as the target;
these “treponemal-only” tests have been demonstrated to have good performance in
laboratory and field trials, acceptability and cost effectiveness, (51, 155, 203-207) costing
generally less than $1-2USD per test. In a comprehensive systematic review of 15 published
evaluations encompassing nine different syphilis POC tests, Tucker et al (155) reported a
median test sensitivity of 86% (interquartile range [IQR]: (75 — 94) and median test
specificity of 99% (IQR: 98 — 99) compared to laboratory-based treponemal reference tests
(TPPA, TPHA, etc). These indices were similar in STl and ANC settings. The authors
highlighted, however, the lack of data available from many of the evaluations on test

performance by clinical stage, HIV co-infection status and non-treponemal titre.(155)

A more recent meta-analysis of published studies by Jafari et al (205) reviewed
performance of 18 POC syphilis test from 131 studies, the vast majority evaluating lateral
flow based assays. In their meta-analysis, the authors corrected for imperfect reference
standards across the studies (that allow for variability between index tests, studies,
populations, and chance that impact evaluation of the accuracy of an index test) which
generally improved the accuracy estimates of the tests. The Determine rapid test has the
best sensitivity in serum (92.03%, 95% Cl: 87.22 — 95.77) while the Syphicheck had the best
specificity in blood (99.44%; 95% Cl: 98.96 — 99.81) compared to laboratory-based
treponemal tests. Performance estimates in serum were consistently higher for all tests
than estimates in blood, possibly because of higher concentrations of biomarkers in serum

and the absence of interfering substances in whole blood. (205) The authors note that
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results in whole blood are most relevant to decision makers as they best capture

circumstances encountered in resource-limited settings.(205)

Supported by this available evidence indicating the relatively good performance of these
treponemal-only syphilis POC tests, there has been substantial enthusiasm and support for
the implementation of POC tests for syphilis in resource-limited settings,(51, 208, 209) with
several countries having recently adopted POC tests into their national antenatal screening
policies. (152) Although successes with syphilis POC test implementation have been
reported,(164) there remain a number of barriers to implementation in some countries
including limited financing and external support, poorly functioning supply chains, and busy
clinical practice and adequate training.(164, 210) The use of syphilis POC tests in ANC

settings as a strategy in the prevention of MTCT of syphilis is also discussed in Section 1.4.5.

As described in Section 1.2.1, treponemal antibodies are specific for syphilis (outside areas
with endemic yaws or other non-venereal treponematoses) and remain positive for life
following infection in most cases, even after successful treatment. Thus the use of POC
tests detecting treponemal antibody alone provide no information about current status of
syphilis. Tests for non-treponemal antibodies, such as RPR (rapid plasma reagin) and TRUST
(toluidine red unheated serum test), used in combination with treponemal antibodies tests
are useful indicators of active infection and can provide a quantitative result (particularly
useful to monitor response to therapy) but, if used alone, can yield false-positive results
due to cross-reactions with other antigens. They are also subject to false negativity in active
syphilis because of biological fluctuations. Non-treponemal tests require a serum specimen
and although these tests (e.g. RPR) are sometimes used at the health service level and in a

near patient settings,(44) they are not considered to be well-suited to these environments.

Recent advances in syphilis POC test technology include the combination of tests that
detect both treponemal and non-treponemal antibodies using a single device with one
sample and offer the potential advantage to distinguish between active and past/treated
infection. One such commercially available test is the DPP Syphilis Screen and Confirm

Assay (Chembio Diagnostic Systems Inc, Bedford, NY, USA) (Figure 10).(211)
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Figure 11: DPP Syphilis Screen and Confirm Assay
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The DPP Screen and Confirm assay simultaneously detects treponemal and non-treponemal
antibodies from the same specimen. It is designed for use with serum, plasma or whole
blood and is stable at room temperature for 1 year. The test cost is around $2.50USD
(which is two to five times more than single treponemal tests).(212) The test is based on
lateral flow technology comprising of a cassette containing two nitrocellulose membrane

strips perpendicular to each other in a T-formation and is shown below in Figure 12. (213)
Figure 12: Structure of the Chembio dual POC test for syphilis

Location of antigen lines and orientation of test strips (A), and front cover plate (B).
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(Source: Castro et al. 2010)

At the time of initiating this thesis, the one published evaluation of the dual POC test by
Castro et al (213) suggested that among 1601 stored samples, the reactive concordance of
the non-treponemal line was 98.4% when the RPR titers of sera were >1:2 and the non-
reactive concordance was 98.6% (compared to the reference RPR test). The reactive and

non-reactive concordances of the treponemal line were 96.5% and 95.5%, respectively
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(compared to the TPPA reference test).(213) Sensitivities appeared to be higher among
specimens with non-treponemal test titres >1:4. In a subsequent multisite evaluation by Yin
et al in China, this test also appears to perform consistently across different specimen types
(whole blood, finger prick, and plasma) in clinic and non-clinic settings.(214) At the time of
commencing this thesis, no evaluation had directly compared this novel test to currently
available treponemal-only tests, investigated its performance by clinical stage of syphilis or
attempted to quantify the test’s ability to reduce the extent of false-positive diagnoses in

past treated syphilis.

Other advances in syphilis POC tests include the combination of tests for different
infections, such as syphilis and HIV costing around $2USD.(215) These combination tests
rely on detection of treponemal antibody for syphilis alone and thus experience similar
limitations with regards to determining current syphilis status.(216) The development of
these combination tests addresses and aligns with the significant dual opportunity to
interrupt the transmission of syphilis as well as HIV, particularly in setting where co-
infection is common. In ANC settings, this development also takes advantage of the major
investment in prevention of MTCT of HIV which is now a global health priority,(217) with
Cuba recently being the first country in the world to have WHO validation of this
achievement.(218) There are currently 6 dual tests in development, at least 2 of which are

ready for evaluation.(219)

Another new technology in the realm of POC testing is the advent of electronic readers
whereby digital imaging technology is used to produce an image of the entire test device or
test window. Readers are designed to be either universal (one device can read multiple test
types from different manufacturers) or dedicated (requires customised software, specific to
one test type/manufacturer). A number of these readers for POC tests are available or
under development.(220) Though this technology is still in its infancy, given the widespread
adoption of smartphone technology across the globe, these devices which can combine
high resolution test images with the computing capability required to run image analysis
software and transmit data could change the nature of POC testing practice entirely.(220)
These devices could be used for real-time surveillance monitoring, assessment of

interventions, supply chain management and quality assurance.
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Outstanding questions around syphilis POC tests

POC tests are not routinely used in Australia and there is no data available on performance
of syphilis POC tests using specimens derived from the Australian population. Further, there
is little evidence available regarding the performance of syphilis POC tests during different
clinical stages of infection and among those with HIV co-infection which may influence the
host response to syphilis. The findings of the head-to-head laboratory evaluation of four

selected syphilis POC tests presented in Chapter 2 and Chapter 3 of this thesis address

these gaps in knowledge. Chapter 3 focuses specifically on the performance characteristics
of the new dual Chembio test and discusses the potential tradeoffs with the ability to

distinguish current from past, treated infection.

1.6.3 Chlamydia and gonorrhoea POC tests

Traditional lateral flow POC tests

The first generation chlamydia and gonorrhoea specific POC tests are based on lateral flow
platforms. Evaluations of these tests to date have generally demonstrated very poor
performance (165-167, 221, 222) and consequently, despite being relatively inexpensive,

their use has been very limited.

Natoli (198) in her recent review of the literature, reported that sensitivities for chlamydia
and gonorrhoea later flow tests varied depending on specimen type, symptom status,
background prevalence of infection and reference method, however the vast majority were
below 80%. Some explanations for the observed poor sensitivities include the higher
threshold for detection of antigen (10* — 10> bacteria) by lateral flow tests compared to
laboratory reference NAATSs (10 bacteria); the antibody-antigen reaction takes place over a
much shorter time frame compared to laboratory-based tests, meaning there is an

inevitable trade-off between sensitivity and speed of result generation.(174)

New molecular-based POC tests

Recent technological advances have led to the development of new molecular-based assays
for POC testing for CT and NG. The first platform commercially available utilising this
technology is the GeneXpert CT/NG assay (Cepheid, Sunnyvale CA). As noted earlier,

GeneXpert assays are available for the diagnosis of a number of infectious diseases
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including tuberculosis, for which it is most well-known and widely used at the POC following

endorsement from WHO in 2010.(156)

In summary, the GeneXpert CT/NG (Xpert) assay is a rapid NAAT that detects nucleic acid of
CT and NG from endocervical, vaginal, and urine specimens of females, as well as from
urine specimens of males, from both symptomatic and asymptomatic individuals.(223)
Although not formally validated, swab specimens from extragenital sites are also able to be
processed. The GeneXpert is a self-contained, automated test system performed using a
modaular cartridge-based platform for testing each specimen by nucleic acid amplification,
and it can process from 1 to 96 specimens in 90 minutes (depending on the platform
configuration) with easy-to-use cartridges that minimize processing steps and
contamination.(223) The GeneXpert CT/NG assay includes two targets for NG, with both
targets requiring detection for the assay to give a result indicating detection of NG. The
design and ability of the GeneXpert assay to detect both NG targets reduces the possibility
of a false positive result that could occur with commensal NG species. Commercial NAAT
assays detect one or two targets on the same gene, and laboratories are recommended to
conduct a second confirmatory test for NG using a different assay with a different target for
specimens from genital sites before reporting the results as positive, at additional time and

cost.(129) (See also Section 1.2.2)

Figure 13: GeneXpert four-module platform and laptop setup in a remote health service

Since this assay became available in 2012, evaluations have demonstrated high analytical

(169) and clinical (223) performance compared to established commercial nucleic acid
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amplification tests (NAATSs), in highly-controlled laboratory environments with dedicated

staff.(134)
The table below summarises selected characteristics of the Cepheid CT/NG assay.

Table 12: Selected characteristics of the Cepheid CT/NG assay

Characteristic Detail

Name GeneXpert (Xpert)

Test details Company Cepheid
Assay type PCR
Organism detected CT/NG
Recommended Vaginal swab (VS), Endocervical swab
specimens (ECS), Urine (female and male-UR)
Volume of sample 1mL

. + volume diluents
Operational

L. Add specimen to directly to cartridge from
characteristics ) .
Preparation steps collection tube

Results available for

. 90 minutes
reading
e NG: 100% (10/10)
Sensitivity
CT: 100% (15/15)
Independent NG: 100% (75/75) -non-gonococcal
laboratory Specificity Neisseria isolates were assessed
evaluation (169) CT: not done

Reference test Well-characterised cultured isolates

Females (n=648)
NG VS: 100%, ECS: 100%, UR: 91%

CT VS: 96%, ECS: 94%,UR:96%

Sensitivity Males n=272
NG UR: 100%
CT UR:96%
Manufacturer
Females (n=648)
reported
NG VS: 99.7%, ECS: 99.5%, UR: 99.8%
performance

CT VS:99.7%, ECS 99.7%, UR: 99.7%
Specificity Males (n=272)

NG UR: 100%

CT UR:100%

Patient Infected Status (PIS) Standard:

Reference test
Concordant results for two molecular

82



assays on at least one specimen type
Including industry-leading commercial
assays, the BD Probe Tec and Gen-Probe
Aptima

Though manufacturer and laboratory-based performance evaluations using clinical
specimens indicate the GeneXpert is highly accurate (169, 223) and has the potential for
use in a POC setting,(134) evidence on test performance in the hands of clinical staff, who
would be required to use it in routine practice, was not yet available.(174) In addition to
determining if test performance is maintained under routine conditions, patient-important
and population outcomes must also be evaluated in the target populations. Operational
research as part of the program science pathway (discussed in Section 1.5) can provide
evidence to inform policy decisions at a programmatic level and is a critical next step. It
should include assessments of cost, effectiveness, feasibility, acceptability, training

materials and delivery, and QA program implementation.

Although it has been shown that use of POC test alone can reduce prevalence of infection if
the use of the POC test increases treatment uptake, to have a maximal impact at the
population level, testing coverage needs to be high.(162) Consequently, complementary
strategies to increased coverage of STl testing will be important to assess in order for the

impact of new strategies such as POC testing to be fully realised.

Given the paucity of data on field operational performance, and clinical and populations-
level outcomes associated with this new POC test platform for CT and NG, there is a very
clear need for research to provide evidence on the use of this new diagnostic technology on
a larger scale and in a variety of settings in the hands of the end user. The technology is
unlike most other POC platforms available currently (i.e. lateral flow based) and there are
likely to be a number of unique implementation challenges experienced as a result. Some of

these issues are addressed in the research presented in Chapters 5 and Chapter 6

pertaining to the operational performance of the GeneXpert CT/NG in remote Australia.

1.6.4 POC testing in Australia

Programmatic implementation of POC testing of any type in Australia is very limited.

Currently there are no mandatory standards or guidelines specifically for POC testing and

83



such testing falls outside the regulations governing the established laboratory-based

pathology services.(224)

POC testing for chronic diseases has been acknowledged to be a potentially useful frontline
clinical management tool, relieving stress on primary care services and expanding the reach
of pathology.(224) Examples of local operational networks of POC testing include the
Quality Assurance for Aboriginal and Torres Strait Islander Medical Services (QAAMS)
program which provides culturally appropriate diabetes management services through on-
site POC testing with over 170 Aboriginal medical services enrolled, currently representing
every State and Territory; the i-STAT network, operated by Northern Territory and
Queensland Health; and the integrated Cardiovascular Clinical Network South Australia

using POC testing for cardiac markers to direct clinical pathways.(224)

As an example of a successful POC testing program designed to address a specific clinical
need and contemporary health issue confronting Aboriginal populations in Australia, the
QAAMS program is the largest and longest running national POC testing program in
Australia and has been continuously funded by the Australian Government’s Department of
Health and Ageing since commencing in 1999.(225) The program targets training at
Aboriginal Health Professionals who then act as key drivers of the program at the service
level, further encouraging community control and ownership of the program. This role is
highly valued by the community and the health service staff develop a sense of
empowerment, responsibility and commitment.(225) The program has demonstrated it is
analytically sound, culturally and clinically effective, cost effective and sustainable,
adaptable and transferable to other clinical settings.(225) Being able to have a pathology
test, obtain the result and see the doctor on-site during the one visit has not only improved
the patient’s self-motivation to improve their health but also improved their relationship

with the treating medical practitioner.(225)

Currently there is no routine use of POC for STIs or any other infectious disease and all such
approved diagnostics are conducted in a laboratory setting. Though the QAAMS program
described above was established for the use of POC testing to support the management of
a chronic disease condition (diabetes), the program experience, established platform and
current infrastructure are likely to be highly relevant, adaptable and potentially receptive to

a POC for STls in these same communities where there is a high STl burden.
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A recent qualitative study by Natoli et al (176) reports stakeholders across a number of
fields including sexual health, primary care, remote Aboriginal health and laboratory
services are highly supportive of wider access to POC testing for STls citing potential
benefits including earlier, more accurate treatment and expedited partner notifications and
reductions in ongoing transmission. POC testing could also improve acceptability of STI
testing, increase testing coverage and result in more targeted prescribing. (176) The study
also highlighted the need for new systems to avoid adverse impact on disease surveillance
(notifications and AMR), with concerns raised regarding the possible reduction in
completeness of case reporting and AMR surveillance given the heavy reliance on

laboratories currently in Australia for these responsibilities.(176)
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1.7  Summary and Thesis Research Aims

In summary, this chapter has described the substantial burden of STls in the Australian
setting with Aboriginal people (especially those residing in remote communities) and other

marginalised populations (such as gay men) disproportionately affected by these infections.

POC tests for STIs have the potential to overcome a number of unique barriers in Australia,
a relatively wealthy, developed country with a good laboratory infrastructure and supply of
effective treatments, to the control of STIs through their ability to reduce time to treatment

and avoid loss to follow up of patients.

The application of the framework of an evaluation pathway to the planning, design and
implementation of research ensures critical evidence is generated in a reliable and robust
manner to support the movement of particular POC testing options towards programmatic

implementation, ultimately resulting in patient and community-important outcomes.

It is in this context that this thesis aims to evaluate a selection of POC tests for syphilis,
chlamydia and gonorrhoea in laboratory and/or field settings to establish their accuracy

and operational performance characteristics in the Australian context.
This was achieved through the conducted of the following studies:

1. Laboratory-based evaluation of performance of four POC syphilis tests in
Australia

2. Field-based pilot evaluation of performance of POC tests for CT and NG in
remote Aboriginal communities in Australia

3. Operational performance of molecular-based POC test for CT and NG in context
of cluster-randomised cross-over trial of POC test CT and NG in remote

Aboriginal communities in Australia
List of publications

The table below details the chapters presented as publications contributing to fulfilment of

this thesis, together with their respective aims, data sources and method of data analysis.
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Table 13: Summary of chapters and first-author publications

Chapter number and title

Aim

Data source

Analytical method

Journal

Chapter 2: A Laboratory-Based
Evaluation of Four Rapid Point-of-Care

Tests for Syphilis

To evaluate the sensitivity, specificity and
operational characteristics of selected syphilis
POC tests in a laboratory setting; to explore
associations between clinical parameters (syphilis
stage, HIV status, CD4 count) and POC test

performance

Retrospective, head-to-head
laboratory-based evaluation
of POC tests using stored

Australian sera (n=1203)

Sensitivity and specificity
compared to reference
treponemal tests; by
subcategory (HIV status,

clinical stage etc)

PLoS One. 2014 Mar
11;9(3):e91504. doi:
10.1371/journal.pone.0091
504. eCollection 2014

Chapter 3: An evaluation of a novel dual
treponemal/nontreponemal point-of-
care test for syphilis as a tool to
distinguish active from past treated

infection

To evaluate overall performance (both
treponemal and non-treponemal components)
and the potential clinical implications of the novel

DPP syphilis POC test

Retrospective, head-to-head
laboratory-based evaluation
of POC tests using stored
Australian sera (n=1005)

Sensitivity and specificity
compared to reference
treponemal and non-

treponemal tests

Clinical Infectious Diseases.
2015 Jul 15; 61(2):184-91.
doi:10.1093/cid/civ243.
Epub 2015 Mar 25

Chapter 5: A field evaluation of a new
molecular-based point-of-care test for
chlamydia and gonorrhoea in remote

Aboriginal health services in Australia

To determine the operational performance, and

explore the feasibility, acceptability and ease-of-
use of the GeneXpert CT/NG assay alongside two
of the better performing lateral flow tests

available

Prospective, pilot study in
two remote Australian

communities (n=198)

Sensitivity and specificity
compared to routinely
performed NAATs for CT
and NG

Sexual Health. 2014 Nov 27.
doi: 10.1071/SH14158.
[Epub ahead of print]

Chapter 6: Prospective evaluation of
the diagnostic performance of a new,
molecular point-of-care test for

chlamydia and gonorrhoea in routine

primary health care use

To determine the operational performance of the
GeneXpert CT/NG assay in the hands of clinical

staff at remote primary health services

Prospective, cross-over
cluster-RCT in 12 remote
primary health services in

Australia (n=1486)

Concordance compared
to routinely performed

NAATs for CT and NG

Submission-ready for peer-

reviewed journal
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Abstract

Background: Syphilis point-of-care tests may reduce maorbidity and ongoing transmission by inceasing the proportion of
people rapidly treated. Syphilis stage and co-infection with HIV may influence test pedformance. We evaluated four
commercially available syphilis point-of-care devices in a head-to-head comparison using sera from laboratordes in Australia.

Methods: Point-ofcare tests were evaluated using sera stored at Sydney and Melbourne laboratores. Sensitivity and
specificity were alculated by standard methods, comparning point-of-care results to treponema | immunoassay (1A) referenoe
test results. Additional analyses by clinical syphilis stage, HIV status, and non-treponemal antibody titre were performed.
Mon-overlapping 95% confidence intervals (Cl) were considered statistically significant differences in estimates.

Results: In total 1203 specimens were tested (736 [A-reactive, 467 lA-nonreactive). Point-of-care test sensitivities were:
Determine 97.3%(95%CL95.8-98.3), Onsite 92.5%{90.3-94.3), DPP B9.8%(B7.3-91.9) and Bioline B7.8%(85.1-90.0).
Specificities were: Determine 96.4%(94.1-97.8), Onsite 92.5%(90.3-943), DPP 98.3%(96.5-99.2), and Bioline 98 5%(96.8-
99 3). Sensitivity of the Determine test was 100% for primary and 100% for secondary syphilis. The three other tests had
reduced sensitivity amang primary (80.4-902%) compared to secondary syphilis (94.3-98.6%). Mo significant differences in
sensitivity were observed by HIV status. Test sensitivities were significantly higher among high-RPR titre (RPR=8) (range:
94.6-99.5%) than RPR non-reactive infections (range: 76.3-92.9%).

Conclusions: The Determine test had the highest sensitivity overall. All tests were most sensitive amaong high-RPR titre
infections. Point-of-care tests have a role in syphilis control programs however in developed countries with established
labaratory infrastructunas, the lower sensitivities of some tests observed in primary syphilis suggest these would need to be
supplemented with additional tests among populations where syphilis incidence is high to avoid missing early syphilis
cases,
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Introduction Syphilis testing is recommended in clinical guidelines as part of
antenatal scwening, for people at high rik, for thoase with
FVirnely diagnosis and wreatment of syphilis & erucial o reduce symptoms and following secual contact with confirmed cases [5-

marhidity, and onward transmision of syphilis to sesual parmers

and newhaorns, in whom consequences can be devastating [1.  jpplementation of POC tests for syphilis in resource limited
Corgenital syphile is almost entivedy preventable with early settings [B-10], with several countries having recently adopted
dentification of maternal infection followed by prompt treatment POC teas into their national antenatal sereening ]'N'Jl‘jll‘.l"ﬁ [
[2]. Syphilis can ako increase suseeptibiliy w0 acquiring HIV. s approach is supported by evidence from laboratory and fiekd
nfection and incmase trammiabdity [34]. In resource limited evaluations of syphilis PO tests which demonsrate good
seftings with poor access to laboratories or syphilis screening, rapid performance, anw;pLahiljD, and cost effectiveness [12—18], however
point-of-care (PO tests have the potential 1o increase mumbers of very little has been Jmhli:\lwd on the performance of these tests
people tested, and provide clinical services with the oppormity @0 gying difibrent clinical stages of infection and amang these with
affer treatnent immediately during the same consultation, HIV eorinfection which may influenee the host response to syphilis
[149].

7]. There has been substantial enthwsiaan and support for the
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Thi paper presents resulis of a large dual-site, hboratory-based,
head-to-head evaluation of performance of four commercially
available rapid POC syphilis tests wsing archived sera that indudes
amalysiz by syphilis stage, HIV sans and nor-treponemal
antibady titre.

Methods

Ethical approval

Ethical approval was granted by the South East Sydney and
Nawarra Area Health Service Human Research Ethics Cormmit-
e (HREC), Melbowne Health HREC and University of New
South Wales HREC, Consent was not required from individuals
a3 it was a retmspective study of de-identified stored samples that
has previoudy been tested with the goal standard syphils asays.
Linked clinical data were anonymized and de-identified prior o
analysis.

Setting

Rates of syphilis in Awstralia are highest among two distinet
populations - gay men living in urban centres and Aboriginal and
Tarres Strait Llander people living in remote regions across
Auwstralia [20]. The incidence of syphiles n gay men with HIV
infection is five-times higher than the incidence in MSM without
HIV (2.5 wa 05 per 100 person years) [21]. Study sera were
selected from two major hbomtories n Australia, both conducting
a high volume of syphilis testing, These labaratanies abo are the
primary pathology providers for two large, urban sexual health
dinies in Sydoey and Mdbourne from which corresponding
patient demographic and clinical information was extracted.
These clinics have extensive dinical expertise in ST1 diagnosis
and management and provide seual health services o a
gignificant proportion of the gay population in these cities.

Study design

We asesed the performance of four syphilis POC tests by
comparing waule w routinely performed mference treponemal
tests (immunoasays [LA]} conducted at the hboratories, Linked
dinical data for a subset of specimens were extracted from patient
medical records.  Inter-technician  variabiliy and  operational
characteristics of the tests were abo asesed.

Syphilis POC tests

PO tests were selected to inchide commerdally available tests
with trmditional as well as novel test pladorms (i Determine
Hyphilis'l'l” Invernes Medical Japan Co, Lid, Chiba, Japan]; i)
Omsite Syphilis Ab Combo Rapid Tea® (UTK Biotech, San
Diegn, CA, USAL di) SD Bidline Syphils 3.0% (Standard
Diagnostics Ine, Ryonggi-do, Koreal, and (] DFF Syphilis
Sereen and Confirm Assay® (Chembio Diagnostic Systems Ine,
Bediord, NY, USA) All four tests use an immunochromatographic
srip design with the appearance of a visible coloured line i
treponenal antibodies are detected in the specimen. The DFF
Syphilis test, in addition, simulaneously detects non-treponemal
antibadies by a separate coloured line on the same test strip.

Laboratories and serological reference tests

The respective reference treponemal mmunoasay (LA} tess
wed by Victorian Infectious Diseases Beference Laboratory
WIDRL) in Mdbourne and South Eastern Area Labaratory
Service (SEALS) in Sydney are: (i) Trepancstika TP recombinant
CNTYTIN: in'unummay" (hioMerieux, Boxiel, The Netherlands)
[22] and (i Archiect Syphilis TP chemiluminescence assay®
(Abbaott, Wishaden, Germany) [23,24]. Both laboratories pedorm
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guantitative rapid plasma reagin (RPR) tests vang BD Macro —
Vie KPR Card Tests® (Beeton, Dickineon and Co, MDD, USA). In
Australia, a Veverse” wreening algorithm is wed, Le treponemal
LA followed by a quantitative EFR for LA reactive specimens. Both
laboratories participate in an ongoing ecternal quality asurance
program (Royal Caollege of Pathologists of Avstrlia Quality
Assurance Program).

Eeference test results were extracted fmom the hboratory
databases or patient medical records for comparson with PO
test maults, A gpecimen from a patient with a  previoudy
documented reactive treponemal KA result was not retested and
was corsidered o be LA reactive for the stady analyses.

Specimen selection and categorisation

Specimens were selected  to indude approximatey  equal
numbers of LA reactive and LA non-reactive samples, and a range
of RFPR titres.

a. Serological categorisation. Speciners were categorised
by treponermal 1A and by non-treponemal (RPR) reference test
results as koh RPR titve spbedis (LA reactive, RPR=8), la RPR ke
mphidis (LA reactive, RPR =1, 2 or 4); inaaioe ayphilis (LA reactive,
EFR non-reactive); so sy (1A and KPR non-reactive]; and
biolggical false postives (1A non-reactive, RPFR =32).

b. Clinical categorisation. Demographic (age, gender,
gender of sexual parmers o last 12 months) and clinical data
(HIV stams, CIM count, syphils stage] were extracted from
mixlical records. Specimens were categorsed by dinical stage
acenrding to the definitions in Tahle 1.

POC testing

Technicians performing the POC tests completed trmaining o
emure consieney in the conduct and interpretation of resuls.
Specimens were tested according to the mamifacturer’s instruc-
tions by one study technician blinded o the reference resulis. The
PO test pesuls were interpreted and recorded on a hboratory
data record sheet, A second blinded study technician, indepen-
dentdy interpreted and recorded the POC test result within 1
minute of the fist read. Dicrepancies weme disssed and a
consensus reached and recorded. Reasoms for descmepandies were
noted. Invalid tess were mpeated wing a new test and reconded as
such.

Operational characteristics

We asamaed selected operational chamaeristics of each test by
selfradministered questionnaire among the technicians performing
the POC teas, Ouestions focused on ease of test use and
interpretation of the resulis,

Data analysis

The sensitivity and specificity for each syphilis POC test
compared to the reponemal LA reference test results was
cakulated by standard methods and a kappa (K value was
cakulated for each test as a summation of the overall performance
uging Stata (StataCorp. Kelease 12, Caollege Station, TX). Results
were smtified by HIV stats and RPRE tre (among LA reactive
specimerns). PO test sensitivity was also compared to clinical
stage of syphils. For the analyses presented here, DPP POC test
senaitivity refers the treponemal line result compared to reference
1A o allow for consstent compaison acress all four POMC tests,

To compare performance between PO tests and between
subcategories, 95 % confidence intervals (Cl) were caloulated [25]
for each estimate (sensitivity and specificity), Statistical significance
af a difference in estimates was based on non-overlapping CL
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Table 1. Clinical Syphilis Case Definitions.
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PCR positive)

tested, likely time of infectan in the last 2 years

Past treated syphilis - docur d adequate

Primary syphillis - pimary chanoe with madive syphilis serobgy and/or PR and/or dark ground positive testis)
Secondary syphilis - systemic symptoms typical of syphilis with madive syphilis sembogy, plus mucooutaneous lesons fwhich may be dark field micrescopy andior
Early latent syphillis - asymptomatic with resctive syphilis seralogy jon teo aocasions) and non-meadive serology resuits within the kst 2 years or, if not previously

Late or unknown duration latent syphilis - asymptomatic with resctive syphilis semdogy and no prior testing or prior testing =2 yeas since the last test
for syghillis and has achieved adequate pogical and clinical resp

an follow up

madive PR with a foufold titre incesse if pest trested syphilis]
dar 1013 71/foumalpone (091 504 1001

P-values were calkulated wing a Chirsgquared test for overall test
wnatvites only.

Inter-chserver variability to determine the dscrepancy mie
between the two techniciamn recording results was caleulated as the
mimber of teat results which ditfer between the two technicians x
100/ otal mumber of testis perdformed wing the same serum
perimens,

Results

Sample characteristics

In total, 1203 specimens H78 from Medbourne and 525 from
Sypdney] were tested with each of the four syphils POC tests, The
median age of the cases was 35 yeans (range 18-83) and 83.4%
wire men. Additional patient demographic and clinical mforma-
tion were available for 878 (73%) specimens., About half (50.9%) of
the male cases identified as having a least one same sx partmer
during the 12 manths, prior to specimen caollection, Cne hundred
and fifry four (12.8%) cases were HIV positive and 67 (3.6%) had a
most recent CD4 count of <500 cels/ mn’,

Clinical categorisation

As presented in Table 2, 53 cases (4.4%) had primary syphilis,
70 (5.8%) had secondary syphilis, 91 (5.8%) had eady latent
syphilis, and 25 (2.1%) had late latent infection or infection of
unknown duration; 248 20,6% ) were documented as having past
treated syphilis nfection; four cases had a dinical diagnesi of
syphilis with no stage specified; 387 (32.2%) did not have syphilis
nor a history of syphile nfection, Among those with primary
syphilis, 64.7% had an KPR tire = 1:8 while among those with
seondary syphiliz, 92.9% had an RPFE>=1:5

Serological categorisation

Among the 1203 specimens, 736 (61.2%) were reference 1A
mactive and 467 (38.5%) were non-reactive. RPRE resulis were
available for 1,005 83.5%) specimens and used to further stratify
the specimens as described in Table 2. Among the WA mactive
specirnens, 404 were high RPR titre (RPR=1:8) syphiliz, 121 were
low EFR tdwe (RPFR=1:1, 2, or 4} ayphilis, and 211 were RFE
norFreactive (nactive syphilis). Amaong the 1A non-reactive, 242
were RPR nonreactive or RFR=1 (not syphilis) and 27 had an
EFK =1:2 (biological fake pomitives).
Sensitivity and specificity

PO sensitivities and specificities owerall, stratified by HIV
aatus, CIM count are shown in Table 3 Determine TP showed

the highest sensitiviy (97.3%) and the difference was statistically
significant 1o the other three tesis (p<0.001 ). PO st specificities
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[Positive syphilis semdogy - either resctive immunoassay = resctive APA fneed two sets of positive results 1o onfirm i asympiomatic i no prior history of syphils or

ranged from 96.4-98.5% with no ggnificant differences between
testa, The kappa statiste for Determine (0,94, 95% CL 0092-0.946)
was statistically significantly higher than the other three tesis which
ranged from 0840 88,

By HIV atatus, there were no statistically significant differences
observed in PO test sensitivides, PO test specificities were
lower amang HIV positive compared o HIV negative specimens;
however the difference was anly statstically significant for the
Determine test B1.5% wva, 97.8%) Though not statistically
significant, POC test specificities were Jower among those with
CD4 count=500 cells fram® compared to <500 cella/mm® acros
all PO tests

Table 4 shows snsitivity of syphilis POC tests compared o
clinical syphilis stage. Semsitivity of the Determine test was 100%
for both primary and secondary syphile howewer was lower for
each of the other three tests among primary compared to
secondary syphilis (none were statistically significant), The Bioline
et was however statistically significandy less semsitive compaed
to the Determine test among primary syphiis cases. No ather
differences were noted between any of the tests across any ather
these elinical categories.

Table 5 shows POOC test semsitivities among 1A reactive
specimens stratified by BEFR e, POO st sensitivity  was
sgmificantly higher amaong high titre -:'I-Z.I-’H.EH': ayphilis mfections
(range: 94.6-99.5%) than for EPR non-reactive infections (mnge:
T6.3 - 929%), with the Determine test demonstrating superior
senaitvity to the other three tests across high and low KPR tres
and non-reactive KPR specimens, The Determine test sensitiviy
was statistically sigmificantly higher compared to the Bialine test in
the high and low titre categories and compared to all other tests in
the non-reactive KPR category.

Inter-reader varibility analysis jdiscrepancy rate between
results recorded by two  technicians) revealed a range of
dicrepandes across the tests Determine 0.2% (n=13), Bialing
1.2% (n=15, DFF 1.5% n=18) and Omsite 2.7% (n=2133.
Technician's comments indicated that many of these discrepancies
occurred when resuls lines on the tests kits were faint.

Technicians (n =2} found all the four POC s were “simple”
or “very simple™ o conduct. Chverall mterpretation of the PORC
result was congidered to be “relatively easy™ for all POC test
devices, however technicians raised concerned regarding interpre-
tation of faint or weak bars. Faint bars were reported o have
occurred Vsometimes” with all the devices eccept the Determing,
leading to discrepancies in initial resuls between technician 1 and
2. Technicians noted some problems with the nitrocellulose strip
in the Determine test and the casette casing for the DPP and
Omsite devices.
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Table 2. Selected demographic and clinical charactenstics of

spedmens tested (n=1203)

Variable N )
Masle 1003 (834
Female 200 {164
Median sge in yeas L]

Age range in yeas 18-85

Additional diniml Information
Avsilable 478 7a0)
Unawailsble 328 27.0)

Among men, some sex partner in bst 12 months
Yes 612 {509
Mo 125 (104
Unavailable 465 34T)

HIV statue
Pasifve 152 (124
Negatve 724 602
Unavailable 338 27.4)

@4 count frellsinm’) among HIV pasithe
] I@a
200-=500 64 (53)
=500 63 {5.2)
Uniknawn 24 (20)
Unenvailable 325 27.0)

Dinica] syphilis dagnosis
Pérmary 5344
Secondary 70 (58
Early lxent 91 A
Late Latentiunknawn dustion 25@1)
Pt treated 248 208
Syphilis, no stage s pedfied 4 05
Mot syphils 372y
Unavailsble 325 27.0)
LA resctive/APH resctive fz-8) 404 318)
A resctive/RPA resctive =11, 2 ar 4) 121141
LA resctive/APH non-msctive 2Mprs
A non-mesctive/APA mactive fz=2) 27022
A non-meactive/ PR non-reactive (RPR=1) 242 201)
A non-msctive/APA not done® 198 (145)

* Syphilis testing in Australis inwolwes screening with & treponemal antibady

test, folowed by BPR, f pasitive, to stage disease 198 specimens with non-

mactive LA did not have routinely performed AP resuls swvails b

dot 101371 foumalpone 0091 504 100 2

Discussion

This paper reports resulis from a large, dual-site, head-to-head
evaluation of performance of four commercially available syphilia
POC test deviees uging stored seea. This & the fire such study
exploring the impact of syphils sage and HIV co-infection on
POC performanes, Chur resulis provide evidence supporting the
good performance of reponemal tests cumently available, with the
Determine test demonstrating overall superior performance and
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with technicians experiendng the kast number of challenges in
interpretation of resuli, Uniquely demonstrated in our study, teat
senaitivities did not differ by HIV status but did differ by clinical
stage and KPR titre.

Though much of the curvent published literatre focwes on the
use of these PO tests as part of antenatal sereening programs in
developing countries, them may be a mle for thes teas,
particularly these able o differentate potentially active from
imactive/past infection, n other settings, nchiding developed
couniries amaong populations with high rates of syphilis and HIV
eorinfection, Our resuls suggest that such a mlke be considerad in
the context of ongoing routine serology to identify fake negative
results, given the possible poorer sensitivity among primary syphilis
of some of these tests.

Crweerall, the Determing test had the highest sensitviny (897.3%),
while all four had similarly very high specificites (97 2-98.5%).
The overall kappa statistic for each test, asummation of the overall
performance of each test agaimet the reference standard, was
highest for Determine TP suggesting very substantial agreement
between the PO test and laboratory reference resulta. These
individual test performances are not disimilar to others reported
in the litemmee [12,15,016,1926-34] and support their use as
sereening ook for syphilis, parteularly in resource-limited settings
where routing labomtory-based screening is Imited.

We obtserved no difference i sensitivity by HIV  stans,
however, we did note a oend towards reduced test specificity
amang HIV positive compared to negative specimens. Determing
was the anly test showing a statietically ggnificant lower specificity
amang HIV pasitive  specimens. This phenomenon has been
deseribed elsewhere [20,35] and may be the result of mmune
activation and subsequent deranged B-cell function in HIV [36]
which presumably can lead tw fake positive tests, This & clearly
important in settings such as Europe, USA and Australia where
amang gay men, up to 60% the syphilie infections are in HIV-
pesitive individuals [37-39], such that approxinatey 1 in &
reactive tests could be a fake positive in this population. We were
umahle ta detect any diferences in performance by CIM count
though specificities appeared to be somewhat lower among those
with HIV and CD4 counis =500 celb/mm’®. As mumbers were
smmall, these results should be interpreted with some caution.

The Determine test was the best perdorming PO test and was
able to identify 100% of specimens in both primary and secondary
stage infection. The other three tests appeared to have a lower
senaitivity among primary infection, particularly the Bioline teat
with a sengitivity of only 77.3%. In all of these tests the sensitiviry
increased in secondary infections but did not reach 100%., These
tests would therdore mis a number of primary and secondary
infections, In many countries all patients with a genital uleer are
treated for ayphilie as identification of early ayphilis infections is
important o prevent ongoing tranamision and iz a key ST
control strategy.

Although the DFF Screen and Confirm syphilis test has a lower
senaitivity compared with the Determine test, it does have the
ability to detect both treponemal and nor-treponemal antibodies,
and therefore help distinguigh past, treated infection fram pessible
active infecton with some encouraging lab and field results
[#4,40]. However m thizs paper, as we wished to compare
performance across tests and investigate dinical and serological
factors that might affect performance, we have focwed on
reporting only the sensitivities and specificities of the weponemal
lne of the INPP test compared to reference LA tests,

The strength of our study was the majority of specimens tested
were eollected from elients attending large urban sexual health
clinics with substantial expertise in syphilis and HIV and providing
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Table 3. Syphilis POC test sensitivity and specificity (compared to reference Treponemal immunoassay), overall and by HIV status

DFP [Trep) Bio line
spec Sens Spec Sens Spec
[95% CI) [95% Cl) [@5% CIl B5% CI) [95% CI)
a70 8298 ] ara kB
(94990 %) (875-919)  (965-99.3) 5 1-900)  {968-993)
a72 8298 ahh BLS b L]
(94.8-90.6) (B61-927)  (966-99.5) L5808 (ET0-99.6)
852 82948 889 ar4 a#a9
|654-951) (H28-942) T -a7.) =924 W r-a7.1)
1000 891 1000 8148 1000
(699 1000) (T71-955) ([A00-1000) 0 -0 5) $59.9-100)
TEY 8240 8446 920 B4
(460-93 8) {TR0-95.0) B3 7 475 9974 747

for a population at highest risk of syphilis (urban gay men) making
our stxly sample well-suited to evaluate potential differences in
PO test sensitivity by dinical stage and HIV statms, A smaller
proportion of our study population were women and although
nformation regarding pregnancy stane was not collected, it is
likely that fewer than 1% of these women would have been
pregnant in this setting (B.Donovan, personal communication).
There are also a few limitations to consider. The two
hboratories providing reference results each used a different
reponemal LA, Both are highly sersitive and specific and as
relative ranking of POC test performance did not ditfer by site, we
believe the use of two diferent meference LAs did not bias our
results, Chur study was conducted ina hbomtory environment and
the tests were performed by shilled technicians with experience in

Sens = sensitivity; Spec = specificity; SYD'= Sydney (Axhiea Syphilis Chemilumines aance LA); MEL = Melboume (Tepanostiks TP recombinant Enzpme L&)

and CD4 cell count.
Dzt o i e Onsite
N Sens Spec Sens
[A+IA =1 [95% ) [95% a) [95% CI)
Creecall 1203 @73 964 925
T36/45T) (958-98%)  (941-978 (903-94%)
HIV status Meg T24 2549 a74 912
BE360) 1931-974)  (955-9940) (&7.7-939)
Pas 154 2549 215 945
{12327 1916990 (6139000  (8A6-97.4)
O 4 count <500 & T 17 209
fealisfmim) B2 1840988  (598-994  (PA3-944)
=500 &3 @80 749 940
(Ll k] (8a0-999)  (S40-9318) (851-99)
A = Treponemal immunoassay mesctive Trepone mal immunoss sy nonmeadive
Differences between estimates wee onsidesd to be statistically sgrificant whese 95% O wer not overlapping.
dot 1013 1/ joumal pone 0091 504 4003

PO test devices, therefome likely represent a best performance
seenario, Thouwgh results may differ in a clinical setting, the relative
perfomance of the tests would be expected to remain similar, As
these tests are nol quantitative, training regarding the nterpeta-
ticn of results required technicians to recond a positive result any
band appeared an the test strip at the test line site. It & possible
that some fint lines were interpreted by our technicians as positive
that may have been called negative by others. Though some
evaluations have demaonstrated Jower test sensitivities wing whaole
blood in fidd settings [12,16] compared to sera in a laboratory
sefting, a recent evaluation has contradicted these findings
showing similar performance acros specimen type [34].

In concwion, our resuls support the potential role for these
tests o be implemented more broadly supplementing existing

PLOS OME | www plosoneong 5

113

Onsite DPP (Trepl Bicline
Sens Sonis Sens
[95% 4] B5% I [95% Q)
&7 849 T
{6595 3) T 9-92 8 {63 5-87%)
Eo T 43 a4y
912-9919) {85 3 -08 2) {85 5-98 )
LEF] a3 858
{H57-973) 845 -0 ) {TI1-927
280 840 840

WG T-968) W31 =547 {611-94.7)
il 845 847

{85 593 2) Y5019 {T4-80 8

Clinical stage = documented in medical records for patient specimens; Sens = semsifvity; " Among Pamary syphilis, 2 specimens weme W non-madive but POR paositive.

Table 4. Sensitivity of syphilis POC tests compared to clinical syphilis stage.
Determine
Qinical stage N Sens
B5% CI)
Primary £ 1000
HE1.6-1000)
Secandary 70 1000
35 -1000)
Early Latent a1 954
RS -G0 6)
Late itent/unknown duration 25 a6
F7.7-99.4)
Past'treated 245 LLR]
a1 -95 )
= Among pesttrested syphilis, 5 spedmens were LA non-meacive.
Differences betwsen estimates wee onsidesd to be sttistically sgrificant wheme 95% O wem not overlspping.
dot 1013 M fjoumalpone (097 504 1004
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Table 5. POC test sensitivity among reference Treponemal
immunoassay reactive spedmens, by RPR reactivity and titre.

Reference
results Sensitivity [95% Confidence Intervals)
OPP [Trep
A RPR N Determine Onsie lim e} Eioline
R R=38 404 995 k] 95y 946
(900-999 @63-992) (E26-97.1) 191.7-965)
R Rlzord4 121 975 914 954 851
(924-994) @ETO-965) @ET.0-969 (772-907)
R HNR M1 929 8140 fik ] TS
(8A3-958) ([F50-860) (PO9-826) (69.9-81.4)

Sensitivity of POC w5t resullt companed to refenence treponemal immunos ssys
fA); APA = s clive pl.u'rln reaging A =reactive; MR =non-meadive

Diffesrences ety wen il
where 95% (0 wee not overlapping.

dot 101371 joumalpone 0091 504 1005

d to be statistically significant

artenatal screening strategies in msouree mited sttings Their
wa in developed countries might also be conziderad in populations
with high rates of syphilis and HIV eo-infection and where kes o
follow-up iz a significant riek. This might be either as part of a
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sereening strategy using the Determine test or o distnguish
potentially active from past/treated infection wing a newer dual
platfarm test. Fied evaluations of selected POC tests are needed to
determine the local pedormance in the hands of end wens,
relevance, acceptability, economic costs and potental impact
associated with mplementation in each setting.
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MAJOR ARTICLE

An Evaluation of a Novel Dual Treponemal/
Nontreponemal Point-of-Care Test for Syphilis as
a Tool to Distinguish Active From Past Treated
Infection

Louise M. Causer,' John M. Kaldor," Damian P. Conway," David E. Leslie? lan Denham,? Theo Karapanagiotidis,?

Claire Ryan,* Handan Wand,' David A. Anderson,’ Peter W, Robertson,” Anna M. McNulty," Basil Donovan,'
ChrAstopher K. Fairley,” and Rebecea J. Guy'

"irty Instituta, Uniesity af Naw South Wales, Sydnay, Victarian Infactious Dizaass Refemnca Laboraimry, Melboums, Malbourne Saual Haatth
Cantm, Cadion, *Bumnst Insfituta, Malbaurna, 35EALS Lahastary, Princa of Wales Hosgital, Randwide, 5 Sydney Saxual Haath Cantre, and "Cartm| Clinical
Schoaol, Monash Univarsity, Malbourna, Australia

Background. Most syphilis point-of-care (POC) tests detect treponemal antibodies, which persist after success-
ful treatment. Subsequent POC tests are positive, despite no active infection, and an lead to unnecessary treatment.
We evaluated a new POC test, incorporating a nontreponemal component, to distinguish active from past infection.

Methods., Sera stored at 2 Australian laboratories were tested with DPP Screen and Confirm Assay. Treponemal
and nontreponemal test lines were compared to corresponding conventional treponemal and nontreponemal refer-
ence ted results: immunoassays and rapid plasma reagin (RPR), respectively, with RFR quantification by endpoint
titration. POC test outcome concordance with conventional test results was assessed according to serological and
clinical categories.

Resulis.  Among 1005 serum samples tested, DPP treponemal line sensitivity was 89 8% (95% confidence interval
[CI], 87.3%-91.9% ) and specifiaty was 99.3% (95% CL 97 .0%-%9 9%). DPP nontreponemal line sensitivity was 94.2%
(95% CI, 91.8%—96.0%) and specificity was 62.2% (95% CI, 57.5%—66.6%). DPP test outcome [ pair of test lines) was
concordant with both reference test results for 94 3% of 404 high-titer infections, 90, 1% of 121 low-titer infections,
275% of 211 past/treated infections, and 78.1% of 242 infedions classified as not syphilis. Among 211 past ftreated
infections, 49 8% were incorrectly identified as active infection and a further 22 8% as not syphilis,

Conclusions, DFP test wse would result in identification of >93% of active syphilis infedion s, whereas just over half
of past infections would be diagnosed as past or not syphilis, avoiding unnecessary treatment compared with other POC
tests, This may be at the oppense of missing some active infections; thus, its potential benefits will depend on the prev-
alence of past vs active infection in a population,

Keywords,  syphilis; point-of-care test; diagnosis,

Timdy diagnosis and treatment of syphilis is crucial to
minimize morbidity and omward transmission. Of par-
ticular concern is maternal syphilis, estimated at 1.36
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million cases globally in 2008 [1], which can lead to
fetal loss, perinatal death, prematurity, low birth weight,
and a range of serious malformations in surviving chil-
dren [2, 3]. These outcomes are preventable with accu-
rate screening and prompt treatment for maternal
infection [4-7], but many pregnant women with syph-
ilis remain undiagnosed, particularly in developing
countries. Screening for syphilis is also indicated for
population groups that are at increased risk through
sexual contact These groups vary by setting but may in-
clude sex workers, men who have sex with men, and
sexual contacts of those found to have syphilis.
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Despite the importance of testing [8-10], it is widely recog-
nized that the reliable diagnosis of active syphilis is challenging.
Tests detecting treponemal antibodies are spedfic for syphilis
(outside areas with endemic yaws or other treponemal infec-
tions) but are positive for life following infection in most
cases, even after successful treatment. Tests for “nontrepone-
mal” antibodies, such as BPR (rapid plasma reagin} and
TRUST (toluidine red unheated serum test), are better indica-
tors of active infection and can provide a quantitative result
but, if used alone, @n yield false-positive results due to ooss-
reactions with other antigens. They are also subject to false neg-
ativity in active syphilis because of biclogical fluctuations,
Muoreover, thar accuracy and safe use depend on levels of oper-
ator skill and experience that are not insubstantial.

The recent development of easy-to-use, accumte, rapid point-
of-care (POC) treponemal tests can transform syphilis control
strtegies. In endemic situations, these tests are now recommend -
ed for antenatal screening [11], even though it is understood that
a proportion of women detected as positive and offered treatment
will have past adequatdy treated sy philis rather than adive infec-
tion. In addition to unnecessary treatment, the diagnosis of an
infection that is primarily sexually tmnsmitted may lead to pay-
chosocial tmuma inchding stigma and partner viclence. In many
settings, it is already challenging for women to deal with the con-
sequences of such a true diagnosis, and false-positive test results
can compomd this burden further. There is therdore an urgent
need for a syphilis POC test that can make the distinction be-
tween active and past treated infection.

The DPP Syphilis Soreen and Confirm Assay is a commeer-
cially available POC test for syphilis that simulaneously detects
treponemal and nontreponemal antibodies from the same
specimen. Published evaluations suggest that the treponemal
and nontreponemal test components have good sensitivity
and spedfidty compared with sdected treponemal and nontre-
ponemal laboratory reference tests [12-14]; however, no studies
have quantified the test's ahility to reduce the extent of flse-
positive diagnoses in past treated syphilis. We recently reported
a laboratory-based evaluation of 4 syphilis POC tests [15], in-
cluding the DPP assay, in a side-by-side comparison of the
tests’ treponemal components using a well-characterized
panel of stored serum specimens. Here we report specifically
on the unique dual detection @pahility of the DPP test.

METHODS

Study Design

We nsed a cross-sectional design to assess the performance of
the DPP test using stored sera. DFP test results were compared
to the results of routinely performed conventional laboratory
reference treponemal and nontreponemal tests. Routindy re-
corded clinical data were extracted from patient medial records

and used to characterize sem in regard to demographic and clin-
ical factors.

Setting

Sera were selected from 2 major laboratories in Australia’s 2
largest cities, the Victorian Infectious Diseases Refermoe Labo-
ratory (VIDRL) in Mdbourne and South Eadern Area Labora-
tory Service (SEALS) in Sydney. These laboratories are the
primary pathology providers for large, urban seomal health clin-
ics that have extensive clinical expertise in sexually transmitted
infection diagnosis and management and provide health servic-
& to substantial numbers of gay men. In both cities, very high
rates of syphilis have recently been reported among gay men
[16], particularly those with human immunodeficiency virus
(HIV) [17].

DPP Screen and Confirm Assay

The DPP Syphilis Screen and Confirm Assay (Chembio Diag-
nostic Systems Inc, Bedford, New York) is designed as a POC
test. It uses an immunochromatographic strip platform for si-
multaneous detection of treponemal and nontreponemal anti-
bodies indicated by separate colored lines (T1 and T2), with a
separate control ine C. It is can be used with serum, plasma or
whaole blood (including fingerprick spedmens [13]) without re-
quiring refrigeration. Visual interpretation is made at 10-15
minutes,

Laboratores and Serological Reference Tests

VIDRL and SEALS routinely conduct reference treponemal
testing using the Trepanostila TP recombinant enzyme immu-
noassay (bioMérieux, Boxtel, the Netherlands) and Architect
Syphilis TP chemiluminescence assay [(Abbott, Wiesbaden,
Germany), respectively. Both assays are highly sensitive and
specific [18, 19]. In this paper, these treponemal reference
tests are collectively referred to as immunoassays (LA ). Both lab-
oratories also use TPPA ( Trepomema pallidum particle aggloti-
nation) to confirm the reference treponemal IA. In both
laboratories, the nontreponemal reference test was a quantita-
tive R PR assay using BD Macro-Vue RPR Card Tests (Becton,
Dickinson and Co). Following Australian guidelines, a *reverse”
screening algorithm is used, with the treponemal test conducted
first, followed by a quantitative nontreponemal test for reactive
LA specimens [20]. Both laboratories participate in an ongoing
external quality assurance program (Royal College of Patholo-
gists of Australia Cuality Assurance Program).

Clinical and Laboratory Data

For each specimen, information on demographic, behavioral,
and biological characteristics were obtained from the laboratory
and clinical records (for those attending Mdbourne and Sydney
Sexual Health Centres).

Clinical Implications of New Syphilis POC Test » CID 2015:61 (15 July) = 185
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Specimen Categorization

Serological

Specimens were categorized by treponemal (IA) and by nontre-
poncemal (RPR) reference test results as active high RPR titer
syphilis (IA reactive, RPR =8); active low RPR titer syphilis
(LA mactive, RFR of 1, 2, or 4); past syphilis (LA reactive, RFR
nonreactive); no syphilis (IA and RPR nonreactive/RPR <1});
and biclogical false positives (IA nonreactive, RPR = 2). As
specimens from a person with a previously documented reactive
treponemal reference test go directly for RPR testing, these were
considered [A reactive for the study analyses.

Climical

Using methods previously described [15], spedmens were at-
eporized into clinical stages { primary syphilis, secondary syph-
ilis, early latent syphilis, late latent or unknown duration
syphilis, past treated syphilis) based on clinicians” diagnosis
documented in the corresponding medical records and accord-
ing to the definitions in Supplementary Text Box 1.

Sample Size and Specimen Selection

We selected approxmately 1000 specimens, aiming for ade-
quate numbers in each serological category to ensure that the
estimate for sensitivity and spedfidty would have a 95% acmfi-
dence interval (CI) of £10% or less, Stored specimens were se-
quentially selected by date until the desired quota was reached.

Condud of the DPP Test

Technicians performing the DPP test completed tmining to en-
sure consistency in test conduct and interpretation. Specimens
were tested according to the manufacturer's instructions by 1
study technician blinded to the refermce results. DPP test results
were recorded on a data reaord sheet. A second dudy technican,
blinded to both the reference test and firs technician's resalts, in-
terpreted and recorded the test result within 1 minute of the first
read. Discrepancies were discussed and consensus recorded.

Data Analysis

The sensitivity and specificity of the individual DPF test lines
(T1 and T2} compared to corresponding reference test results
(IA and RPR), with quantitation by RFR endpoint titration,
were calculated by standard methods (Stata software, version
12 Stata Corp, College Station, Texas).

The DPP test outcome ( pair of DFP test ines) was compared
with dual reference test results categorized (1) by serological sta-
tus and (i) within clinical categories, to determine concor-
dance. Cls were calculated [21] for estimates (sensitivity and
specificity) with statistical significance of a difference between
categories based on nonoverlapping CL

Clinical amsequence of wsing the DPP test—that is, the po-
tential reduction in overdiagnosis of syphilis—was assessed
among serum specimens determined to be “past syphilis”

based on the reference test results. Among these, we alculated
the proportion yielding a reactive T1 and nonreactive T2 result
on the DPP test.

Ethical Approval
Ethical approvals wer gmnted by melevant committees: South East
Sydney and Dlawarra Area Health Service, Melbourne Health,

Table1. Selected Characterstics of Study Population (N =1005)
“ariable MNo. (%)
Sex
Mala 852 (B4 8]
Famale 153 [15.2)
Age, y
Nadian i
Rangs 18-85
Additional clinical information
HAwailable 581 [67 8]
Unavailabla 324 (32 2)
Amaong men, same sex partner in last 12 mo
Yas 504 [50.1)
Mo 83 (8.3
Unknown 9d [(9.4)
Unavailable 324 (32.2)
HI status
Paositive 138 138)
Neagative 542 [53 9]
Unavailable 324 [32.2)
CD4 count, cellsfpl, among HIV positive
<200 2003
200499 58 (5.9
=500 55 (5.5]
Unknown 2323
Unavailable 866 (85.2)
Clinical syphilis diagnosis®
Primary 53 (5.3
Secondary T30
Early latent a1 8.1)
Late latentfunknown duration 25 (2.5)
Past treated 248 (24 7]
Syphilis, no stage specified 4 (0.4)
Mot syphilis 180 (18.9)
Unavailabla 324 (32 2)
Sarological syphilis categorization
1A reactive/R PR reactive [R =B8] 404 (40 2)
A reactive/RPR reactive (R =1:1, 2, ar 4] 121 (12.0)
1A reactive/R PR nonreactie 211 [21.0)
14 nonreactive/R PR reacthe (R =2] 727
1A nonreactive/R PR nonreactive [RPR <1) 242 [24.1)
Albweviatons: HIV, human mmunodefcency vus; 1A, mmmoassay; A,

mactive; APA, rapd plasma reagn.
" A documentad i medieal recodds 1o palent &padamens.
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Melbourne Somal Health Centre Alfred Health and University of
Mew South Wales prior to commendng of the evaluation.

RESULTS

Sample Characteristics

A total of 1005 specimens (678 from Melbourne and 327 from
Sydney), characterized by treponemal and nontreponemal mef-
erence tests, were tested using the DPP assay. The median age
of the cases was 37 years (range, 18-85 years), and 852 (84.8%)
were men. Additional patient demographic and clinical data
were available for 681 (67.8%) specimens. Table 1 describes
the selected demographic, clinical, and laboratory characteris-
tics of specimens tested.

Clinical Syphilis Categorization

Clinical and laboratory diagnoses of syphilis were documented
for 491 cases, and 190 were documented as not having syphilis.
On the basis of the records, 53 @ses were dassified as primary
(53%), 70 (7.0%) secondary, 91 (9.1%) carly latent, 25 (2.5%)
late latent or unknewn duration, 248 (24.7%) past/treated infec-
tions, and 4 (0.4%) as syphilis stage unsped fied.

Semlogical Syphilis Classification

Of the 1005 sera tested, 525 (52.2%) were classified as having

active syphilis infection, 211 (21.0%) were classified with past

syphilis infection, and 27 (2.7%) were biological false positives.

The remaining 242 (24.1%) were classified as not syphilis.
Stratifying active syphilis specimens by RPR titer, there were

4 specimens with high-titer and 212 with low-titer syphilis.

Sensitivity and Specificity of Individual T1 and T2 Lines

Table 2 describes the sensitivity and specificity of the 2 DPFP test
lines individually compared with the corresponding reference
tests. Sensitivity of T1 compared to reference IA was 89.8%
(95% CI, 87.3%-91,9%) and specificity was 99,3% (95% CI,
970899, 9% ). Sensitivity of T2 compared to reference RFR (re-
active = RPR =1} was 94.2% (95% CI, 91.8%96.0% ) and specif-
icity 62.2% (95% CI, 57.5%—66.6%).

Amuong specimens with a reactive RPR (n= 553) stratified by
ategory of RPR titer, T2 sensitivity was 98.3% (95% CL 96 3%
99.29) and #3.2% (95% CI, 76.2%—88 &%) at high and low t-
ters, respectively. These were significantly different as indicated
by nonoverlapping Cls. Restricting the analysis to [A reactive
specimens (no=525) only, sensitivity among low-titer speci-
mens was 95% (95% CI, 98.1%-98.0%) and no longer signifi-
cantly different from that of high-titer specimens (98.3%
[95% CI, 96.3%-99.2%]). Figure 1 shows distribution of RPR -
ters among treponemal (IA) reference test-reactive spedmens
(n=7525) and DPF test T2 reactivity by RPR titer.

There was no statistically significant difference in perfor-
mance of T1 or T2 by HIV status (Supplementary Table 1).

Concordance of DPP Test Dutcome by Semlogical Syphils
Category

The DPP test outcome was conoordant for 93, 3% of 525 (cor-
rectly identified) specimens classified as active infections.
Table 3 describes the concordanae of DPP test outcomes with
the 2 refermnae test results defined by serological category.

The DFF outcome was conoordan t with both treponemal and
nontreponemal reference test results (correctly identified) for
94 3% of 404 high-titer infections, 90.1% of 121 low-titer infec-
tions, 27.5% of 211 past infections, and 78.1% of 242 classified
a5 no syphilis. Among those with no syphilis but reactive DPP
test lines (n = 53), 51 had reactive T2 line only, 1 had reactive T1
line only, and 1 had reactive T1 and T2 lines.

As T2 is not a quantitative result, concordance within the
high- and low-titer categories is based only on reactive or non-
reactive T2 result within the category.

Among 211 past infections, 49.8% were incorrectly identified
as active infection and an additional 22 8% incorrectly as not
syphilis. Table 4 describes further the concordance of DPF out-
wme among those with past infection by reference tests.

Concordance of DPP Test Qutcome by Clinical Syphilis Category
Table 5 presents concordance of the DPP test outcome with
both reference test results by clinical syphilis category. DPP
test outcome is concordant with both reference tests for
B8.6% of 44 primary syphilis cases, 90.0% of 69 secondary

Table 2. DPP T1{Treponemal) Line Performance Versus Immunoassay (Treponemal ) Reference Result and DPP {Nontre ponemal) T2 Line
Performance Versus Rapid Plasma Reagin (Nontreponemal) Reference Test Result (N = 1005

DPP Test oPP Retarance Laboratory Sensitivity, % oPP Retarance Specificity, %
Line Reactive Test Reactive B5% Cl) MNonnesctive Maonreactive [95% CI)
PP T1* 661 736 898 B7.3-919) 267 269 993 @7.0-90.9)
DPP T2¢ 521 553 94.2 B1.8-9610) 281 452 G2.2 [67.5-66 6]

Abfrevaton: U, confsiencs mtarval.

" Compaed 1o relesnos mmunoasssy fesul.

B Compaed 1o mlasmnos @od plasma magn (APR) resull; for T2 senstnity calouiaton, & mactve APR was R 21; for spealaly calouiEton, APR was nonreactve.

Clinical Implications of New Syphilis POC Test » CID 2015:61 (15 July) » 187

120



1109 W T2 {nontrepanemal) line

100 4 ORPR
an
a0
0
a0
504
40+
304

Mumber of Serum Samples Reactive

20

il |
D4 T

1 2 4 B

Figure 1.
specimens (n=525) and DPP T2 test lime reactivity.

I o

256 =512

U

il 64

RPR Titer

Distribution of @pid plasma reagin (RFA] titers among RPR (nonteponemal] reactive and immunoassay | eponemal ] reactive meference test

syphilis cses, 94.8% of 77 carly latent syphilis cases, and 85.0%

of 20 late latent syphilis cases with dual reactive reference tests,

Clinical Diagnostic and Treatment Consequences Based on DPP
Test Quicome

Among those with past syphilis (n =211}, 50.2% (n = 104)
would be correctly attributed to this category by the DPFP test
outcome whereas 49.8% (n = 105) would be incorrectly classi-
fied as having active syphilis. Assuming that a highly sensitive
treponemal-only POC test would have detected all of these
cases as positive, the use of the DPFP test would have sucoessfully
categorized 50.2% of them as not active syphilis.

525), 93.3% (n=490)
would be correctly diagnosed, with 35 bang incorrectly classi-

Among those with active syphilis (n

fied. In this instance, assuming as above that a highly sensitive

treponemal-only POC test would have detected all of these cases
as reactive, the use of the DPP test would have incorredtly clas-
sified 35 cases (which subsequently would have received no
treatment).

DISCUSSION

Our laboratory-based study is the first to evaluate dinical impli-
ations and performance of the DPP Screm and Confirm Assay,
the only currently available POC test for detection of both trep-
onemal and nontreponemal antibodies, in regard to its ability to
distinguish active from past syphilis. We found that the DPP test
was able to correctly identify 93% of active syphilis infections,

28% of past syphilis infections, and 78% nonsyphilis infections.

Table 3. Concordance of DPP Duwtcome With Treponemal and Nontreponemal Reference Test Results by Serological Syphilis Category

Refarence Test Result

Sarological Syphilis Category L& RFR Mao.
Active loverall] R R 525
Active [high titer] R =B a4
Active flow titar) R <8 121
Past R NR 21
No syphilis NR NRi=1 242
Biclogical false positive MR =2 7

DFPF Result

T T2 Mao. % Concordance 95% CI

R R 440 93.3 908952
R R 381 9.3 91 5-96.4
R R 1048 a1 33847
R NR 58 75 2156-34.0
NR NR 1849 784 T23-H31
NR R 8 2986 137-50.2

Abbreviatons: Cl, conlidence intenal; A, relesmnce mmunoassay (reponemall resull; NR, nonreactive; R, mactive; APA, relerencs rapsd plasma reagin
poaraponamal) resull fFeactve =R =13 T1, DPP repoaamal ine: T2, DPP nontsgonamal bne
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Table 4. Concordance of DPP Test Dutcome Among Past
Semlogical Syphilis Category

oPP Past Syphilis (n=211F
T T2 Mao. Concordance, % 95% CI
NR &R 275 21.6-340
R R 105 49.8 42 8567
NR R 15 71 40114
NR NR <] 156 "no-213

Ablrewatons: T, confdence miarval: NR, nonreactve: R, reactive: T1, DPP
eponemal bne T2, DPP nonreponanmal ne.

* Past sy philks categoey defned by serdogoal relesmncs BE1S &% MMUnoassay
freponamal) reactive and rapd plasma reagn inanteganamal) noneac twe.

Among those past sy philis infections, compared to a highly sen-
sitive treponemal-only POC as the next best alternative in POC
testing, the use of the DFP test would have successfully detected
50.2% as not active syphilis.

Serologial testing to detect treponemal and nontreponemal
antibodies is aritical to determine the infection status of an in-
dividual and need for treatment. Treatment is usnally indicated
when both these antibodies are detected, indiating adive infec-
tion. Except in very early primary syphilis, presence of trepomne-
mal antibody in the absence of nontreponemal antibody
sugpests past treated infection. Among populations with high
prevalence of syphilis infection, this may account for a large
proportion of the population. In addition, infections with

Table 5. Concordance of DPP Qutcome With Reference Test
Results by Clinical Syphilis Category

Rafarence oFFP DPF Test Qutcome
Test Tast Concordance
Clinical Syphilis With Referenca
Category [Totall 1A RPR Mo, T1 T2 HNo. Tests, %
Primary R = 44 R R 38 886
[n=53f"
R HNR 7 R NR 1 14.3
NR NR 2 NR NR 1 50.0
Secondary R = 68 R R &2 a0
[n="70]
R HNR 1R NR 0O 0.0
Early in =91] R =2t T R R 73 94.8
R HNR 14 R MNR 2 14.3
Lata |n= 25 R =0 XM R R 17 85.0
R HNR 5 R NR 0O aa

Chmca | stage = documentad n medical eoords fof palent Specmens.
Abireviations: 1A, sfemsnos mmmmoassay resull; NR, nonsactve; R, reactive;
APA, relemnce mped plasma reagn resull (mactve =R 21); T1. DFFP
tmponamal bne: T2, DPP moareponansl fne.

= Amang " primany” Syphilks, 2speamens were W nonsactive bul poly merase
chain Feachon posiie.

other T. pallidum subspecies causing illnesses such as yaws
and begel (endemic syphilis) can produce an indistinguish able
antibod y profile, complicating diagnosis of syphilis further in
regions where these infections are also endemic.

POC tests capable of detecting treponemal antibodies alone
are widely available and have been shown to perform well
both in the field and laboratory settings compared to standard
refermee treponemal assays [15, 22-26]. POC syphilis tests have
also been shown to be cost-effective in some settings [27-29].In
a number of countries, POC syphilis tests have been adopted as
national policy, particularly as part of antematal screening pro-
grams aiming to eliminate the mother-to-child transmission of
syphilis [ 30]. As our study population included few women,
with very few likely to be pregnant (B. Donovan, personal com-
munication }, the generalizability of our results to such screming
programs may be limited.

The major limitation of these more widely used POC syphilis
tests remains their inability to distinguish active, infectious
syphilis from past treated infection. As a result, overdiagnosis
and subsequent unnecessary treatment inevitably occur. This
situation is likely to be of most concern among populati ons
where syphilis (or other treponemal infection resulting in pres-
ma of treponemal antibodies such as yaws) is prevalent. Fur-
thermom, the psychosocial ramifications of a *positive” syphilis
test are often far-reaching and worthy of consideration.

As we have previously reported [15], the sensitivity of the in-
dividual DPP treponemal line compared to the conventional lab-
oratory reference treponemal test was lower (89.8%) than that
previously published [12-14], but specificity (99 3%) was similar.

In our study, the DPP nontreponemal line sensitivity com-
pared to a reactive nontreponemal laboratory test (KPR =1:1)
was 94, 2% (95% CI, 91.8%-9.0% ). The increased sensitivity
among high-titer specimens (98 3% [95% CI, 96.3-99.2]) is con-
sistent with findings reported elsewhere [12, 13, 31]. Among
those with active syphilis infection, T2 sensitivity among low-
titer KPR specimens improved to 95.0% (95% CI, 89.1%—
G98.0%). In our study, T2 spedficity compared to a nonreactive
reference nontreponemal test was poor (62.2%), and is in contrast
to specificities noted by Castro et al (98.6%) [12], Yin et al (95%)
[13], and Ayove et al (92.5%) [31]. There was no statisically sig-
nificant difference in T2 specifidty by HIV status, although the
number of HIV-infected participants was limited. Despite stan-
dardized training on performing these tests, this poor specificity
might be explained by technicians beng overly cautious and -
wrding even very faint shadows at the nontreponemal line region
as reactive. Further exploration of this finding by stmtifying DPP
non treponemal line specifidty by referenoe treponemal test reac-
tivity suggested that spedficity was lower among trepon emal me-
active specimens (43.1%) vs nonreactive spedmens (78.8%).

To our knowledge, we are the first to report the clinical im-
plications of the DFF test's ability to distinguish active from past
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syphilis. Among those with serologically determined past syph-
ilis, the DPP test outcome correctly identified more than one-
quarter (27.5%) of cases. In a clinical setting, these cases
would not receive treatment. The incorredly identified cases
here could be considered as biological false positives (7.1%],
no syphilis (15.6%), and misdiagnosed active infection
(49.8%). OFf these, only those called active infection would be
offered treatment, and represent the ongoing “overdiagnosis”
and “overtreatment” oocurring with the use of a POC ted.

Our conchusion that the use of the DPF test would suooess-
fully detect 50.2% of past cases as not active syphilis is likely to
be true only if patients who do have lesions of early primary
syphilis are excluded. This is explained by the fact that a number
of patients with polymerase chain reaction—positive early pri-
mary lesions and some treponemal antibody marker positivity
have negative nontreponemal tests (up to 20% at VIDRL;
D. Leslie, personal communication). In light of this, the DPP
test may have a different potential under screening and clinical
presentation with a genital ulcer.

Although it appears that most active infections would be de-
tected (>93%), our previously published data show that the sen-
sitivity of the DPP treponemal line is lower than that of some
other treponemal-only syphilis POC tests, such as Determine
TP [15]. In considering the use of this novel dual test, although
there is evidence that it can improve identification of past @ses
and avoid unnecessary treatment, it is important to note that
this may come at the expense of 2 somewhat reduced trepone-
mal sensitivity, resulting in missing cases that may truly require
treatment. The balance between possible reduction in overtreat-
ment offered by the DPP test and loss of sensitivity is important
to consider in the context of the population at risk. Unless there
is a substantial prevalence of past/treated infection (or yaws), a
treponemal-only POC test may be preferred or, alternatively, a
treponemal-only test might be considered as first line, followed
by the doal test to minimize overdiagnosis and subsequent
treatment. Another setting in which the DPP test may prove
useful is that of yaws eradication and monitoring programs,
which usually occur in regions where standard laboratory meth -
ods are highly impractical.
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Chapter 4: A randomised trial of point-of-care tests for chlamydia
and gonorrhoea infections in remote Aboriginal communities: Test,

Treat ANd GO- the "TTANGO" trial protocol

This chapter provides context relating to the ‘Test, Treat ANd GO’ (TTANGO) trial, and

sets the scene for the subsequent publications presented in Chapters 5 and 6.

The peer-review publication contained in this chapter is not counted as one of the

publications contributing to this thesis, as | was fourth author.

Guy RJ, Natoli L, Ward J, Causer L, Hengel B, Whiley D, Tabrizi SN, Donovan B, Fairley CK,
Badman SB, Tangey A, Wand H, Shephard M, Regan DG, Wilson D, Anderson D, Kaldor
JM. A randomised trial of point-of-care tests for chlamydia and gonorrhoea infections in
remote Aboriginal communities: Test, Treat ANd GO- the "TTANGO" trial protocol. BMC
Infect Dis. 2013; 13(1): 485
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Abstract

Background: High prevalence rates of Chlamydia trachamatis (CT) and Meissera gonorhoeae (NG) have been
reported in Aboriginal people in remote and regional areas of Australia for well over two decades, and repeat
positivity rates are high. To intemupt disease trans mission and reduce the risk of complications, eary diagnosis and
treatment is important, However in many remote and regional areas there are long delays between testing for
these curable sexually ransmissible infections and providing treatment, due to both physical distance from
laboratories and difficulties when recalling patients for subsequent management once results are available. Point-of-
care (POO) tests have the potential to provide mare timely diagnosis, to increase treatment and contact fracing,
and in turn reduce CT and NG infection rates.

Methods/design: TTANGD (Test, Treat, ANd G0) is a cross-over cluster randomised controlled trial in 12 regional ar
remote Australian health services, which predominantly provide clinical services to Aboriginal people. The owverall
aim of TTANGO is to measure the clinical effectiveness, cost-effectiveness and cultural and opermtional acceptability
of molecular POC testing for CT and NG infection. The primary outcome is repeat positivity at three months after
treatment of an initial CT or NG infection.

Participating health services will undertake the clinical management of CT and NG under two different modalities
for one year each. In the first year, st health services will be randomly assigned to manage these infections under
current diagnostic quidelines. The other s will supplement cument diagnostic guidelines with FOC testing,
whereby diagnosis is made and subsequent treatment for those with positive POC tests is offered at the initial
consultation. In the second vear, the health services will cross aver to the oppasite management modality.
TTANGD will be conducted over four years; 1.5 years of trial initiation and community consultation, 2 years of trial
conditions and evaluation, and & months of data analysis and feedback

Discussion: TTANGD is the first cluster mndomised trial of PCC testing for CT and NG intemationally. The results of
this trial will provide crucial information to guide sexual health clinical practice in remote Aboriginal communities
and other high prevalence settings.

Trial registration: Australian and Mew Zealand Clinical Trials Registry ACTEN12613000808741
Keywords: Point-of-care testing, Sexually tmansmitted infections, Randomized controlled trial
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Background

Chlamydia trachomatis (CT) and Neisseria gonorrioea
(MG) are sexually transmissible infections (5T1s) that are
fully curable with single dose treatment but are often
asymptomatic for long periods of tme [1]. Both infec-
tions can lead to serious complications [1] including pel-
vic inflammatory disease (PID) [2], ectopic pregnancy
and tubal factor infertility [34], and a range of adverse
pregnancy and necnatal outcomes [56]. The sk of PID
increases by 4—6 fold in women with repeated CT infec-
tions [7].

Along with several other 5Tls, CT and NG have been
reported at highly elevated rates in Aboriginal and
Torres Strait Islander peoples (hereafter referred to as
‘Aboriginal’} in Australia, According to the most recent
national data, CT and NG were 3.6 and 3006 times [8]
more likely to be diagnosed in Aboriginal people, re-
spectively, compared to the non-Indigenous population.
As in many areas of health, the disadvantage experi-
enced by Aboriginal people is amplified in regional
and remote communities, where more Aboriginal
Awustralian’s reside. Aboriginal people comprise approxd-
mately 2.5% of the total Australian population, yet 25%
live in remote or very remote areas compared with < 2%
of non-Indigenous people [9]. In 2011, CT and NG were
diagnosed 83 and 61 times more often among Aborig-
nal people in remote areas, respectively, compared to
non-Indigenous people in remote areas, and diagnoses
rates were highest in young people aged 16-19 years [8].
Marked differences in rates of diagnosis among Aborigi-
nal people are also evident according to area of resi-
dence; in 2011 CT and NG were diagnoses were 2.5 and
11 times higher in remote areas, respectively, compared
to Aboriginal people in major cities [8]. Although the
complications of CT and NG are not systematically
monitored in Auvstralia, clinical reports from remote
Aboriginal communities in Central and Morthemn
Awustralia indicate that PID and infertility cccur at rates
far higher than in other parts of Australia [10-12]

In regional and remote areas, primary health services
play an important role in the prevention, testing, treat-
ment and management of CT and NG, These health ser-
vices are either State or Territory government funded or
Federal government funded Aboriginal Community
Controlled Health Services (ACCHS) and are the pri-
mary health care provider for Aboriginal people. There
are an estimated 150 ACCHS located across Australia.
Current clinical practice in most remote Aboriginal
communities [13-15] follows guidelines which provide
for immediate treatment if NG or CT are suspected on
the basis of specified symptoms or risk [16]. Although
symptom-driven diagnosis has the advantage of provid-
ing a rapid pathway to treatment, it has poor sensitivity
and specificity for detecting infection, particularly in
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women [17,18]. Used as a diagnostic strategy on its own
it therefore leaves many infections untreated, and results
in unnecessary treatment in others.

As CT infections are mainly asymptomatic, and NG
infections are mainly asymptomatic in women and in
about 50% of men [19-21], treatment and contact tracing
is usually initiated onoe a specimen has been tested and
found positive by the laboratory. Treatment for these in-
fections is almost inevitably delayed due to a range of
factors including the time taken to transport the speci-
men from remote health services to laboratories [22],
and delays in recalling patients when a positive diagnosis
occurs. Some health services are more than 10K kilo-
meters away from the laboratory and pathology is sent
on a weekly basis by small plane. A recent review of 5T1
programs in remote Aboriginal communities showed
that in a 12 month period only 75-8%% of people diag-
nosed with an 5TI were treated, and the average time
from diagnosis to treatment in asymptomatic people was
21 days [23] , far longer than the 2-3 day interval expe-
rienced in most urban settings [24].

In order to interrupt disease transmission, it is essen-
tial to diagnose and provide treatment as early as pos-
sible to reduce the average duration of infection among
those with CT and NG [25]. Without treatment, infec-
tion with CT and WG can persist for on average
12 months and & months, respectively [26-28]. Timely
diagnosis also reduces the risk of sequelae. A number of
studies have found that within just a few weeks between
testing and treatment, 2-3% of patients with CT infec-
tion have already developed PID [29,30]. Timely diagno-
sis also enables potentially infected sex partners to be
contacted and treated (contact tracing), and in turn re-
ducing the risk of re-infection in the index case which
often occurs due to subsequent sex with an untreated
existing partner [31]. Repeat chlamydial infections fol-
lowing treatment are also common. In a prospective co-
hort of young women in urban Australia, the repeat CT
positivity rate was found to be 22.3% by 12 months [32].
Data based on routine re-testing remote Australian Abo-
riginal communities found the CT and NG repeat posi-
tivity rates was 50f% within 12 months [33].

The use of point-of-care (POC) testing in the Australian
Indigenous health sector is well established for chronic dis-
eases (disbetes and renal diseases) through the national
QAAMS (Quality Assurance for Aboriginal and Torres
Strait Islander Medical Services) Program, which currently
operates in over 170 Aboriginal medical services nationalby
[34.35]. POC tests for CT and NG would be the first use of
infectious disease POC tests in this sector and could enable
clinical services to offer treatment and begin the process of
contact tracing at the initial consultation. However to date,
use of CT and NG POC tests has been imited as only lat-
eral flow devices have been commercially available with
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poor sensitivity and specificity [36,37]. Recently, molecular
CT and NG POC tests have been developed, which have
very high sensitivity and specificity of >9%, providing an
opportunity to utilize these tests to control infections rates
in high prevalence settings [38]. Mathematical modeling by
Hui et al. [39] has shown that CT/NG POC tests with 95%
sensitivity could reduce the prevalence of CT in remote
Aboriginal communities from 11.9% to 8.9% and NG from
7.1% to 57% and # the annual STT screening coverage is in-
creased from 44% (estimated current rates) to 60% the
prevalence of the infections could drop further to 31% and
1.8% for CT and NG, respectively.

The overall aim of the TTANGO tral is to measure
the clinical effectiveness, cost-effectiveness and cultural
and operational acceptability of POC testing for CT and
MG infections in remote Aboriginal communities. The
primary chjective is:

L To determine whether the addition of POC testing
to standard dizgnostic procedures significantly
decreases rates of repeat positive infections at three
months among people with CT or NG infection in

remote communities,
The secondary obhjectives are to determine:

L Whether the addition of POC testing to standard
diagnostic procedures significantly increases the
proportion of CT and NG infections treated within
seven days of specimen collection;

2 The cultural acceptability of POC tests to patients.

3. The operational accepiability to health service staff
in remote community settings.

4 The cost effectiveness of the addition of POC testing
to standard diagnostic procedures in remote primary
health care services.

5. The diagnostic performance characteristics
[sensitivity, specificity and positive and negative
predictive value) of the POC test in a field setting
compared to conventional laboratory testing.

6. A best practice model for quality management of
STI/POC testing in remote health services.

Methods

Study design

TTANGO i a crossover cluster randomised controlled trial
set in 12 health services in regional or remote areas of
Cueensland, West Australia and South Australia (Figure 1:
Study overview). Participating health services will undertake
the clinical management of CT and NG under two different
parallel modalities for ome year each, in 2 randomly
assigned order. In the first year six of the health services
will be randomly assigned to manage these infections under
current diagnostic guidelines (“standard practice” phase or
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“control” phase). The other six will supplement current
diagnostic guidelines with POC testing ("POC” phase), such
that diagnosis is made and subsequent treatment for those
with positive POC tests i offered at the time of initial con-
sultation. In the second year, the health services will cross
over to the opposite management modality. The study will
require four years to complete, including L5 years prepar-
ation and community consultation, 2 years for the interven-
tion and ewaluation, and 6 months for analysis and
reporting. The fundamental premise of the trial is that
more timely treatment for 5Tls (both index case and part-
niers ), will result in a substantial reduction in the percentage
of people with repeat positive CT and NG infections.

A randomised trial is required because it will provide
the most compelling evidence to guide future use of a
novel technology which is currently not routinely used
for STI management. The cross-over design allows each
health service to act as its own control, thereby eliminat-
ing the effect of between-health service variation in the
study endpoints. Furthermore, health services are more
inclined to participate in a trizl of an innovative ap-
proach to service delivery if they are guaranteed to re-
ceive the intervention during the course of the trial.
Individual patient randomisation would not be feasible
as the POC tests would then be used for some patients
but not others within the same health service, potentially
causing disruption and confusion for health service staff
and patients.

CT and NG are the focus of the trial, because they
cocur at very high rates in remote Aboriginal communi-
ties and are easily detected and curable with single dose
treatment, making them good candidates for strategies
which aim to improve detection and treatment of infec-
tions with antibiotics. Although syphilis is also curable
and has been endemic in some remote communities,
rates have decreased considerably over the past decade
and is now much rarer than the other STls [8]; also at
the time of the trial design syphilis point-of-care tests
were unable to differentiate recent from past syphilis in-
fection [40]. Despite its focus on CT and NG, TTANGO
encourages best practice for the detection and treatment
of all 5Tls.

Ethics and informed consent

The TTANGO study protocol has been approved by five
ethics committees from participating urisdictions: the
Western Australian Aboriginal Health Information Eth-
ics Committes, the Western Australian Country Health
Service Board Research Ethics Committee, the Cairns
and Hinterland Health Service Human Research Ethics
Committee, the Townsville Health Service District Hu-
man Research Ethics Committee and the Aboriginal
Health Research Ethics Committee of South Australia.
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Participating health services sign a Site Participation
Agreement prior to commencement of their involve ment
in TTANG(. This agreement outlines trial details, re-
sponsibilities of the research team and participating ser-
vices, principles of confidentiality and dats ownership,
and defines processes for reporting of findings and pub-
lic release of study results.

Community engagement and collaboration

Engagement with stakeholders including Govermment,
state-based Aboriginal Community Controlled Health
Organisations (which represent ACCHSs in each state),
and laboratories will be a key principle of the TTANGO
trial. Efective community engagement will ensure that
an appropriate framework is developed to guide project
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implementation, and that transparency is maintained at
all levels,

Identification of communities and health services and
eligibility criteria

In the first nstance, potentially eligble health services will
b identified in consultation with Government and Aborigi-
nal Community Controlled Health Organisations. Identified
heealth services will then be approached and invited to par-
ticdpate in TTANGO f they meet the following indusion
criteria: located in communities classified as regional, re-
mote or very remote by the Australian Bureau of Statistics
[41]; annually offer CT and NG testing to 2 minimum of
150 people aged 16—29 years (see sample se section), with
a CTand NG positivity of at least 10% in 16-29 year olds
agree to be randomly assigned in one year out of two to the
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POC phase; have an electronic patient management system;
and have the staff and resource capacity to fulfl protocol

requirements.

Randomisation

Health services within the four geographic regions will
be randomised to intervention (“POC” phase) or control
arm (“standard practice” phase) strategies for year one in
a 1:1 ratio, and will cross over to the opposite arm in
year two. Randomisation within geographic regions is
mainly for pragmatic reasons so that the TTANGO co-
ordinators are able to manage worlload appropriately,
and avoid the possibility of all services in one region be-
ing randomised to the same study arm. The andomisa-
tion scheme will be developed by the TTANGO
statistician using 5AS5 statistical software (Version 9.3)
and will be communicated to participating health ser-
vices once participation agreements have been signed.

During the POC Phase health services will continue
routine 5TI testing and management practices (syn-
dromic management, and sending off specimens to la-
boratories for routine NAAT tests) but will supplement
their activity with CT and NG POC testing, so treatment
and management of positive CT and NG POC tests oc-
curs at the time of inital consultation. The POC test se-
lected for the trial is the GeneXpert CT/NG® (Cepheid)
which is a new test based on nucleic acid amplification
technology, with dual detection of CT and NG in under
O minutes, The GeneXpert CT/NG POC test had been
demonstrated in laboratory and field evaluations in
Australia [#243] and the US [44] to have similar sensi-
tivity and specificity to routine laboratory based NAAT
tests, and was easy to use. The test has 5 targets, includ-
ing & specimen processing control, specimen adequacy
control, one CT target and two targets for NG, Two sep-
arate targets for MG allows for more specific detection
and confirmation of NG [45]. The GeneXpert CT/NG
test was approved by the Therapeutic Goods Adminis-
tration for disgnostic purposes in Australia in March
2013 and obined Conformité Européenne (CE) mark-
ing and US Food and Dmgs Administration (FDA ) clear-
ance in 2012,

During the Stamdard Practice phase health services
will maintain routine STT testing and management prac-
tices involving syndromic management, and sending off
specimens to laboratories for routine NAAT tests, with
treatment and management of asymptomatic infections
based on the results that are received from the labora-
tory. The NAAT tests commonly used at the laboratories
are the Roche Cobas and the Gen Probe Aptima.

Health services in both trial phases will receive dinfoal
performance incentives and will participate in ST7 guality
improvement (see further details below). Health services
operating in the POC Phase will receive POC traiming
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and ongoing support and will participate in laboratory
guality management procedures (see below).

5T guality improvement

In both trial phases, de-identified clinical and laboratory
data will be used to generate regular site specific reports
on 5TI screening and management Reports will show
the percentage of health centre attendees patients tested
for 5Tls, the percentage testing positive, time to treat-
ment, the percentage re-tested 3 months after treatment,
and the percentage with a repeat positive result at re-
test The reports will be discussed at initial and subse-
quent visits, and are intended to assist services to reflect
on current practice and develop strategies to achieve
best practice in ST service delivery [16,46,47]. Accord-
ingly, health services will be supported to increase and
appropriately target opportunistic STI testing, provide
treatment  promptly where indicated, and follow
recommended guidelines for re-testing and contact tra-
cing. Where necessary, TTANGO coordinators will re-
spond to identified training needs to strengthen sexual
health service delivery.

Clinical performance incentives

In both trial phases, health services will receive incentive
payments at six monthly intervals. Payments will be
slightly higher in the POC phase, in recognition of the
addiional time spent fulfilling trial data collection re-
quirements, Over the course of the trial (POC phase and
Standard Practice phase), health services will be eligible
to receive a maxdmum of S5MKL In the POC phase, pay-
ments will be on the basis of $20 per POC test, up to a
maximum of 150 tests, and 530 per re-test in clients
who test positive. In the standard practice phase, pay-
ments will be on the basis of 10 per test, up to a max-
imum of 150 tests, and $30 per re-test in clients who
test positive. Trial coordinators will provide support in
both phases of the trial to strengthen testing and re-
testing practices.

POC training and support

In the POC phase, health service personnel will be
trained onsite in use of the GeneXpert machine,
complete a competency assessment, and will be provided
with all materials necessary to perform POC testing
throughout the POC phase. ‘Real-time” monitoring and
support will be provided remotely by TTANGD coordi-
nators, through the use of LogMeln’ software. Trial co-
ordinators will also provide support at their & monthtly
visits and by phone /email.

Quality management for POC processes
The trial will incorporate Cuality Management proce-
dures to ensure that QM is conducted and that data are
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generated, documented and reported in compliance with
good clinical laboratory practice. Standard operating
procedures (SOPs) for POCT have been developed and
are reinforced through POCT training and competency
assessment processes, and compliance with 50Ps s
monitered during site visits. Any specimens generating
discordant results (between laboratory reference test and
the GeneXpert) will be stored at the local laboratory,
and at the end of the trial transferred to a2 research la-
boratory for re-testing with the COBAS 4800 test.
Whilst the GeneXpert machine has a range of sophist-
cated built-in quality test processes, health services will
be required to test a known positive “in house” quality
control sample (consisting of non-infectious DMNA of
both CT and NG and prepared to simulate an infection
of average bacterial load) each month and four blinded
external quality assurance samples twice during the trial.
The quality assurance procedures were developed by the
Mational Serology Reference Laboratory for this trial and
involve sending out swabs with freeze-dried organism
(CT, CT and NG, NG and negative) [48].

Outcome measures
The primary outcome is repeat  positivity at  three
months after treatment among people with CT or NG
infection.

The secondary outcomes are:

L. Proportion of infections treated within seven days of
specimen collection.

2 Cultural acceptability of POC tests to patients.

3 Operational acceptability of POC tests to health
service staff in remote community settings.

4 The cost effectiveness of the addition of POC testing
to standard diagnostic procedures.

5. The sensitivity, specificity, negative and positive
predictive value of the POC test in a field setting
compared to the reference laboratory test.

6. A best practice model for quality management of
STI/POC testing in remote health services,

Data collection methods and varables

The trial will utilise a number of methods to collect nfor-
mation to calculste the trial outcomes above and these are
described in further details in Table 1. Confidentiality will
be maintained at all levels of data colledtion, transfer and
analysis by de-identifying participating health services, staff,
patimts and other key stakeholders.

Sample size

Power calculations were performed using the methods of
Julious et al. [49], for paired binary comparisons and Hayes
et al. [50] for community randomised trials. We assumed
that the prevalence of CT andfor NG will be 15% at
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recuitment to the trial in each year, that 30% of patients
will have a positive re-test within three months (in the
standard practice phase), and that at least 150 patients aged
16-29 years will be tested at each health service in both
POC and standard practice years. Table 2 shows the total
number of health services needed to detect a reduction in
CT and NG repeat positivity rate from 30% in control
health services to 15% in intervention health services with
80F% and 9% power, differing community coefficients of
variation (025, 0.30) and equal numbers of health. services
in each arm. At least ten services will provide data in both
the intervention and control arms. This will ensure B8%
power to detect a decrease in CT and NG repeat positivity
rate from 30% to 15%, and 78% power to detect a reduction
from 2% to 1. Conservatively, 12 services will be in-
cluded in the trial.

Statistical analysis

We will compare results between the two years (with
and without POC testing) from within the 150 patients
aged 16-29 tested each year in participating health ser-
vices. Characteristics of participating health services will
be summarized at baseline and across trial arms (stand-
ard practice or POC phase). The primary endpoint of
the study will be the health service specific difference
between the two years in repeat positivity rates at three
months. The secondary endpoint will be the health ser-
vice specific difference between the two years in the pro-
portion of true CT and NG infections that were treated
within seven days of presentation. For both the primary
and secondary endpoints, the average difference between
the two years (with and without POC tests) will be cal-
culated across participating health services. Other sec-
ondary outcomes will be measured as follows:

Criltrral acceptability of POC fests to patients: will be
assessed by a descriptive analysis of questionnaire feed-
back received from patients.

Operational acceptabidity of POC tests to health service
staff in remote comwmunity settings: will be assessed by
calculating the proportion of staff who indicated that
they agreed or strongly agreed on the Likert scale with
the accepability questions in the staff questionnaire.

The cost effectiveness of the addition of POC testing to
standard diggnostic procedures: The treatment interval,
repeat positivity rate and contact tracing data collected
in this trial will enable us to parameterise the models.
Our analyses will apply similar technigques to those used
by other studies in the context of POC tests [51,52], but
explicitly represent regional and remote Australian Abo-
riginal community settings. Cur approach will extend
previous work by developing a more realistic model
based on simulated sexual networks rather than popula-
tion averages. The mathematical approach will use an
individual-based model to enable ws to accurately
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Table 1 Tools, methods and desaiption of infermation cllected in the trial

Tool

Method and frequency

Description of data collected

L amsegsment
o

« Comple®d by TTANGD Coordinatos ar baseline,
and updared 6 maonthly in all health senices

Clinical dara -« Collaed fom ane or mane of the fallowing
{quantitative) SRS
1l Health senvice patient information management
atamE
i) Laboratony data
- Exmacred 3 manthly for all health sendces
Qualiny - Sanvices moond saulhs of BOA and forsasd 1o
TRANSg ement coondinancrs,
data .
- twice during POC phase
= Intennal qualing conmrol Testing, once per maonth
= Temperature montoring of rest consumables
during fransport
- Enowiedos and competency asseament of saf
foliowing training in GensXpen wage
Sunveys - 5taf acceprability survey at end of FOC phase
(quantitathe} « Jient acceprabilly sunvey, with amending cliens
n last month of FOC phase
n-depth « Stakeholders {national)
niTany s ;
(qualitativel - Srakeholders (national and international)

« Health senvice s1af

Bmoad desciption of

1 Clinical senvices and staffing
10 AT testing pacres

i) Patent infarmation gystam

i) COimic seting as it elares 10 bocation of GeneXpet machine and
oconsumables

1 Patent consuitation data and asociated damogs phics

10 AT resting {point of care and labomtony), reteating and  meatmeant
CATonmas

« Bsternal quality assurance and internal quality conted TesT resuls

« Temperarure range of cansumables during Transport
+ Multiple choice quiz and observed practice against competency sEndands

« Confidence wsing the test; satsfBorion with raining tust in the resultg
ease of uwse; experience of discosdant results, and impact on heath senice
ORE TN

« Prefisrance for Bating modality POC tes v conventionall, convenisnos
satsfcrion with B process and communication of ssults

+ Uhallenges and implications of intraduecing FOC esting
«+ Quaality management and t=ining considenations
+ Accentabilny

simulate and track repeat positivity rates, which is not
possible with previous models. The epidemiological
transmission models will project the estimated preva-
lence, incidence and repeat positivity rates expected
from implementing POC tests in communities.

These model outputs will become inputs in a health
economics analysis. The cost of using POC tests in re-
gional and remote health services including the in-
creased clinician and patient waiting time for POC tests
and the patient costs incurred in a return visit to the
health service for medication after a positive test result
will be directly measured in the trial. These data will be
used to estimate the additional cost of implementing
POC tests in combination with NAAT testing, compared

Table 2 Sample size estimates based on reduction in
repeat positivity rate from 30% to 15%

Coefficient of variation Number of services

Bl poweer D0 power
25 a 10
1] 10 14
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to standard diagnostic procedures. Costs related to re-
search will be excluded.

The total costs associated with the widespread imple-
mentation of POC tests, including estmated logistical,
clinical and administrative costs, will be compared with
the long-term health and financial savings associated
with their use (including the prevention of new infec-
tions, co-morbidities, and saving in reduced quality of
life as well as costs of treatment saved due to decreased
infections). As is standard with health economic ana-
lyses, discounting will be applied at levels of (%%, 3% and
5%. The health economic analyses will be carried out
from the perspectives of the provider and the client The
integrated epidemiological and economic modelling will
examine issues of allecation, efficiency, and cost
effectiveness,

The sensitivity. specificity, negative and positive pre-
dictive value of the POC test in a field setting compared
to the rgerance laboratory test: POC test performance
will be assessed by comparing the results of the POC
tests performed during the POC phase with the refer-
ence test (NAAT).



Guy ar al BMC Infectiows Disaeses 2013, 13:485
httped v biomed central £ omy 147 1-3334,1 3,485

Discussion

Rates of CT and NG in remote Aboriginal communities
in Australia are unacceptably high, and TTANGO will
evaluate whether POC testing for these 5Tls can im-
prove the timeliness of treatment and in turn reduce re-
peat infection rates. To our knowledge, TTANGOD will
be the first randomized trial of molecular POC tests for
CT/NG infection internationally.

It is anticipated that one of the main challenges for
TTANGOD will be to sustain the involvement of health
service staff amidst the numerous competing d emands
and health prioribes, and also ensure POC operator
competency is maintained in the context of high staff
turnover. Regular communication and training with trial
sites from a dedicated TTANGO coordinator should
help to mitigate this risk Another challenge will be if
the services randomised to the POC arm in the first year
prefer to keep the POC machines due to realized im-
provements in 5TI management. In the consultation
phase we emphasized to health services the importance
of the cross-over design to ensure long term policy
change and funding. Finally, repeat positivity rates are
calculated from those who re-tested and these need to
be similar in both POC and non- FOC arms to minimize
biases — lower re-testing rates are often associated with
higher repeat positivity due to re-testing in those with
symptoms [53] To mimimise any imbalance in re-
testing rates, a quality improvement program and incen-
tives associated with re-testing have been provided in
both arms.

This research is significant as study outcomes will
make an important contribution to the international un-
derstanding of S5TI control wsing POC tests. The re-
search may also lead to significant decreases in STI
prevalence and reinfection across multiple sites with
long term benefit for the sexumal health and wellbeing of
young Aboriginal people. Finally, it has the potential to
influence public health policy and result in [54] uptake
of CT and NG POC tests into further remote clinical
services in Australia, and other settings.
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Abstract  Backgrowmd: Pomt-ofcare (POC) tests could be imporant public health wols in setlings with treatment
delavs and high rates of sexually transmissible infections (STIs). Use is limited due to suboptimal performance. The
performance and ease-ol-use of a new molecular-based POC test for simultaneous detection of Chiamydia trachomatis
(CT)yand Neisseria gonorrhoeas (NG) was assessed, alongside two single-organism immunochromatographic tests (ICT).
Methods: The evaluation occurred between May 2012 and March 2013 during community STI screens in two remotes
Aboriginal health services. Urine was tested with the CH:HQ:KPI:TI.MCT."NG and if sufficient volume, also with Diaquick CT
and Gonorhoea Canl. The gold standand comparison was laboratory nucleic acid amplification testing (NAAT).
Operational characteristics wene also assessed. Resmfts: Among 198 samples, GeneXpen CT sensitivity and
specificity was 100% [95% confidence mtervals (CT): 75.9-100] and 99 5% (95% CI: 96.5-100), and NG was 100%
(95% CI: 965-10d) and 1008 (95% CL 97.5-100), respectively. Among a sample subset, Diaguick CT (n= 104)
sensitivity and specificity was 27.3% (95% C1: 7.3-60.7) and 66.7% (95% CL 12.5-98.2), and Gonorthoea Card (n=29),
was 66.7% (95% CI: 12.5-98.2) and 76.9% (95% CI 56.0-902), respectively. GeneXpert required | mL of unne, four
steps, | min specimen preparation and 90min to result. ICTs required 15 mL of urine, eight steps, |8 min prepamtion and
10—15 min to result. Comelusion: The accuracy and opemtional benefits of GeneXpert CT/MNG make it very suitable in these
settings where delays (o treatment are encountensd.

Received 18 August 2014, accepted 21 October 20104, published online 27 November 2014

Background

Sexually transmissible infections (STls; chlamydia, ponomhosa
and trichomonas) remain at high levels in emote Australian
Abon ginal communities despite the wide availability of accurate
diagnostic laboratory tests and effective treatment. A recent
study in 68 remote Aboriginal communities' estimated the
prevalence of chlamydia (Chlamydia trachomatis; CT) o be
9% i 16-34 wvear olds, 7% for gonorthoea (MNersseria
gonorrhoeae; NG) and 18% for tnchomonas (TV) among
fermales. For all three STIS, rates were highest in 16-19 vear
olds® These STIs are often asymptomatic™™ for long time

Joumal compilation © CEIRO 2015
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periods and, if untreated, can lead to serious complications”
including pelvic inflammatory disease (PIDY ™ and adverse
necnatal outcomes,' and unteated NG ocan also lead o
disseminated infection.”

In regiomal and remote areas of Austmlia, primary health
services play an important mle in the prevention, testing,
treatment and management of CT and NG, These health
services are either government funded or provided by
Abonginal Community-Controlled Health Servicss (ACCHS)
and are the primary healtheare provider for Aboriginal people.
Current  clinical  practice in most  remote  Aboriginal
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communities'"'* follows guidelines that provide for immediate
treatment if CT or MG are suspected on the basis of specified
symptoms or risk,”™ For those patients who are asymplomatic,
which comstitutes the majonty of cases, specimens are sent Lo
laboratories and treatment 15 mitiated onee the result 15 received
and actionad by the health service.

In these remote locations, the control of ST is compromised
by delays in diagnosis and treatment due to considerable
distances  betwesn  remote  health  servicss  and  urban
laboratories, as well as difficulties locating and mecalling
patients for treatment when results are received. Reports from
eight mmote health services in centml Morthem Territory in
Australia imdicated that 15-20% of patients memain untreated
and that the average time to treatment is 21 days,™ compared
with 3 davs i urban centres, Among pregnant digenous
women attending primary healtheare centres in Townsville in
200003, 18% remained untreated, the average time o
treatment was 21 days and contact tracing occumed in 17%
of cases."™ Also, symptom-driven diagnosis has poor sensitivity
and  specificity  for  detecting  imfection,  paticulady  in
o | 18

Pomt-ofcare (POC) testing in this setting, defined as
‘pathology testing which is performed on behall of the
treating medical pmctiioner by a trained operator in an on-
site clinical setting while the patient is in attendance, allowing
the test result to be penerated and used to make an immediate
informed decision that contributes to an improved  health
outcome for the patient’'” may have public health benefits by
increasing the uptake and timeliness of treatment and, in turn,
reducing STI tmnsmission in these communities. Mathematical
modelling has shown that a POC test, even with a modemis
sensitivity of 60%% in a setting of high prevalence, could reduce
community prevalence if coupled with conventional laboratory
testing, ™ Recent mathematical modelling focussed on remote
Aboriginal communities m Australia, sugeests that if a mom
accurate POC test was used (>95% sensitivity/specificity), the
prevalence of NG and CT could Bll from 7.1% and 119% to
5.7% and B.9% respectively after 10 vears.™ This impact could
be increased further by mcreasing semeening coverage.

While a POC test has these theoretical benafits, it can only be
wsed in practice if it combines a high level of diagnostic
perfommance with ease of wse for both the clinician and the
patient. The first peneration STIPOC tests, based on lateml fow
o immunochromatographic test (ICT) platforms for the
diagnosis of CT and NG, have penemlly demonstmted poor
performance” ™" and as a result, have not been widely
implemented. Mewer POC  technologies  have  recently
provided the opportunity to reconsider the use of POC tests
for ST control in high prevalence settings. In order to mform
the choice of test for a large scale, cross-over, randomised
controlled trial of STI POC testing in remote Aboriginal
communities i Australia, we ewalusted the operational
perfommance, ease-of-use and feasibility of a new molecular-
hased POC test and two ICTs in mmote field settings. The
subssquent larger trial, called TTANGO (Test, Treat and Go),
will investigate the feasibility, acceptability, cost effectiveness
and impact of POC testing on the timeliness of 3T treatment
testing and reinfections in 12 remole communities over a

Zyear period, ™
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Methods

Setting

Following consultation with communities and their associated
health services, and supported by the study reference group
consisting of representatives from the govemment, ACCS and
pathology providers, the field evaluation was conducted at
two memote Aboriginal health services. The servicss wen
purpssefully selected for their high rates of STIs (as is the
case in many remole arsas in Australia), their willingness to
participate in the evaluation and their STT community screening
progrms that provided the greatest number of specimens within
the study timefame. The anmual community ST scresning
programs at these services aim o screen the population most
atsisk of STIs and provide treatment for those with positive tests
over a 34 week penod.

POC tests selected

Based on preliminary laboratory evaluations of nine ICTs tests
(six for CT and three for NG) conducted at the Queensland
Paediatric Infectious Diseases Laboratory (D. Whiley, pers.
comm.,) and a laboratory evaluation of a molecular-based
POC assay at the Royal Women's I-Ir|.1n.l;i:|n'Ll.ELI.,ET the chosen
tests for this feld evaluation were the best performing
devicss for detection of CT and NG in urine available at the
time to the msearchers ™ These selected tests included: the
(i) GeneXpert™CT/MNG [Cepheid, Sunnyvale, CA, USA]
(simultaneous detection of CT and NG), (i) Diaquick CT
[DIALABE, Newdorf, Austria] (CT only), and (i) Gonorrhea
Card Test [bnmuno-Diagnostics, Foster City, CA, USA] (NG
only). Although the package insert of the Gonorrhea Card Test
recommended genital swabs only be wsed the preliminary
laboratory evaluation showed that it has superior peformance
compared with a mnge of other ICTs when unne was used.

Brefly, the GeneXpert System 15 a closed sel Feontaned,
fully-integrted amnd automated platform that s designed 1o
purifly, concentrate, detect and dentify targeted nuclee acid
sequences using real-time polymerase chain reaction (PCR)
assavs, thereby delivering results directly fom unprocessed
samples. The system has a modular design. Patient samples
are sdded to diseases-specific, single use, disposable cartn dees,
containing all PCR reagents, buffers, primers and probes, and
these are then loaded into one of the system’s modules. The test
cartridge also contains an internal control o verify adequate
processing of the tapet sequence and the system monitors the
presence of inhibitors in the PCR assay o avoid a filse-ne mtive
result. Test results (detected or not detected), as well as assay
details mcluding sample adequacy and quantitative crossing
points for each organism, ame accessed from a  laptop
connected to the system. Results can be stored and viewed at
the convenience of stafl at any time after the test is completed.
For this feld evaluation, we used unne, CT/NG detection
carridges, and 2:x4-module systems side-by-side to perform
the tests (Fig 1).

The Diaguick and Gonorhea Card tests are membrane-based
immunochmmatogmphic assays in which a patient sample,
pretreated with selected buffers to release the target antigen
inte solution, is added to a well in a cassette containing a solid
substrate test strip. The sample mixes with dred coloured
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Fig. 1.

Side-by-side setup of 2 x 4 module GeneXpent CT/NG.

conjugate (containing antibody to either CT or NG) and flows
along the strip via capillary action. As the mixture migrates
along the strip, it encounters the test zone, embedded with
antibody to the conjugate, which tuns red when bound.
These ICTs also contain a control region which, when red,
indicates a valid test and functional reagent. Results are
subjective and the test strip is viewed to determine the
presence or absence of a coloured test line, indicating a
positive or negative test, at the designated time recommended
by the manufacturer.

POC testing process

Urine specimens are the most commanly collected specimen for
diagnosis of NG and CT in remote communities and were self-
collected by patients attending the two sites during their annual
community screening These specimens were aliquotted and
tested onsite at the services by the study team using the three
POC devices. The study team had no formal laboratory technical
qualifications, but patticipated in a I-day training program
before the field evaluation commenced POC tests were
performed acconling to the manufacturer’s nstructions;
however, as the Gonorthea Card Test is recommended for
use with genital swabs, the use of unne samples here was a
deviation from the kit protocol. Where delays to immediate
testing were apparent, specimens were refrigerated until testing
was conducted (as per manufacturer recommendations). All
were tested within 24 h of specimen collection.

Reference test

Urine specimens were transported for reference laboratory CT
and NG testing using either the Cobas™ 4800 CT/NG Test
(Roche Molecular Diagnostics, Pleasanton, CA, USA) or
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Aptima Combo 2 Assay (Hologic Gen-Probe Inc., San Diego,
CA, USA) nuleic-acid amplification tests (NAAT), as per
rmoutine laboratory practice. As reported in the literature, both
these assays have very high sensitivities and specificities for the
detection of both CT and NG in urine. ™'

Patient management

POC test results were not provided back to patients, as the
tests were not approved at the time by the Therapeutic
Goods Administration (TGA) and therefore were considered
experimental. To maintain patient anonymity, specimens were
de-identified before study stafl performed the POC tests. POC
testing did not influence the clinical management of patients and
clinical stafl’ provided care as per usual practice.

Test performance analysis

POC test results were recorded manually, then entered into a
Microsoft Excel (Microsoft Corporation, Redmond, WA, USA)
database. Results were compared with respective laboratory
reference NAAT results (CT or NG: Cobas or Aptima
depending on the site), with sensitivity and specificity and
95% confidence intervals (CI) calculated by using standard
methods’® McNemar's test for agreement was used to
calculate P-values for each POC test (StataCorp.; Release 12,
College Station, TX, USA).

Assessment of operational characteristics

The study staff who conducted the POC testing formally
assessed selected operational chamactenstics and ease-of-use
using a standardised checklist, which included urine volume
and equipment required, number of steps, time for specimen
preparation and to conduct the test and time-to-result. Both
study staff who conducted the tests (n=4) and clinical staff
(Aboriginal health workers) who closely observed the testing
(n=2) were also asked about their perceptions and acceptability
of POC testing. The information was recorded by hand and
analysed descriptively.

Ethical approvals

The research received approval from relevant jurisdictional
human research ethics committees (HREC): West Australian
Abonginal Health Ethics Committee, Townsville Health Service
District HRECs (Queensland Health) and University of New
South Wales HREC.

Results

Study population

In total, 198 urine specimens were collected for testing. Equal
numbers were collected from each of the two sites, with more
specimens from men than women (64% vs 36%) tested. All 198
specimens were tested with GeneXpent CT/NG, and due to
limited urine volumes, only 104 were tested with Diaquick
and 29 with Gonorrhea Card.

POC test sensitivity and specificity
POC test sensitivity and specificity [with 95% confidence
intervals (CI) and P-values] compared with laboratory NAAT
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tests are shown in Table 1. For GeneXpert, CT sensitivity and
specificity was 100% (95% CI: 75.9-100) and 99 5% (95% CL
96.5—100) respectively, and for NG, it was 100% (95% CI
56.1-100) and 100%% (95% CI: 97.5—100) respectively. The one
GeneXpert result (CT) discordant with the commercial NAAT
result had a crossing point of 36.9 for CT, ndicating a low
hacteral load.

The sensitivity of Diaguick CT was 27.3% (95% Ck
7.3-607) and the specificity was 98.5% (95% CL
93.9-99.9), while for Gonorrhea Card, the sensitivity was
66. 7% (95% CL 12.5-98.2) and the specificity was 76.9%
(95% CI: 56.0-90.2).

Operational charactedstics

The operational characteristics of the three POC tests are
summarnised in Table 2. Equipment required for  the
GeneXpert CT/NG test included the GeneXpent machine
itself, a configured laptop with GeneXpert software connected
o the machine, a pmtected power supply for both the machine

L. M. Causer ef al.

and laptop and the CT/NG test canridgs and tmnsfer pipette,
Only ImL of urine and a total of four steps were required o
perfomm the GeneXpert CT/NG test; the total time to conduct
the test was 91 min, including | min for specimen preparation
and test initiation, then 90min o mesult. Once initiated, the
GeneXpert CT/NG test did not require any further mtervention.
Stall did not have to return immediately at the completion of
the test as the CT and MG result is displayed on the laptop screen
(and electromically saved) once the test is complete,
Equipment required for the ICTs ncluded the test cassette
itsell, transfer pipettes and two buffer solutions specific to the
ICT and a centrifuge device with an appropriate tube for
spinming the specimen before testing. A minimum of 15mL
of uring amd a total of eight steps were required to pedform
each KT (a total of 30mL to conduct both tests); the total tme
to conduct the ICT was 28-33min: |8min for specimen
preparation (including centrifuging) and test initiation, then
10-15min to result depending on the ICT being performed.
The test start time needed to be noted and the test cassettes
were left o process for the designated time, according o

Table 1.  Poin-of-care (FOC) test sensitivity amd specificity compared with reference laboratory mscleic acid amplificaton testing (NAAT)

CT, Chilwomydia trre hain; NG, Nedsswra gonorrhoes; STL sexually ransmissible infection; CIL confidence interval. POC test typse numibers vary as urine
volume was not abways sufficient to perform all tree POC tesis; priority was given to GeneXpert, followed by Diaguick then the Gonorrhoea Card Teat.
“The Gondrrhes Card Test is recommended for use with genital swabs so the use of urine samples in this study was a deviation from the kit protocol

POC test ST N NAAT* POC Sensitivity Specificity Poyalue®
reault (+—) result (+/—) (%% CT) {95% CT)

GeneXpent cT 198 L6182 17711 L0 (7591040 5 (965100 0.32

CieneXpent NG 198 7191 T4 L0 (56,1100 L0010 {97 5—10d) L0

Diiaquick cT 104 1A 47100 273 (T3-60.7) 985 (93.9-0049) 002

Giemorhea Card Test” NG 29 326 B2 66.7 (12.5-08.2) 76.9 { 56.0-90.2) 006

*Reference laboratory NAAT: Cobas 4800 or Aptima Combo 2 (depending on health servioe).
*Povalue caleulsted using McMemar's ed.
wExact McMemar's Povalue,

Table 2. Operatdonal characteristes of point-of-care (FOC) tests (preparation tme, number of steps, ease of wse and equipment regquived)
Note: Preparation time was the median time messured between commencing transfer of wrine from the collection continer i the beginning of test
proscessing, CQualitative commenis related to ease of interpre mtion of resulis were noted during informal feedback from mesearchers and saff

POLC st Specimen preparation Preparation Time v MNumber Esse of interpretation Equipment requined
time {min) msult of steps of resulis
{min)
f‘mbe!i'.';w'l‘t Transfer | mL urine & cartridge, 1 W 4 Very easy (quantitative Power supply and GeneXpert
CTHNG scan cartridge, enter patient D, result on the compuwier). machine and laptop
load cartridge in e hine, compuier, CTHNG
commence e, Giene Xpent cartridges,
transfer pipettes, gloves
Driaquick cT Transfer 15mL urine to centrifuge 18 10 B Moderaie (qualitative Diaquick test kit, buffer,
tubse, centrifuge for 10 min, dp resulis —weak bands centrifuge plus power
off supematant, resuwspend were subjective). supply, tubes, ransfer
pellet with buffer, wait, add pipeties, gloves, timer’
portion b0 second buffer, mix, stopwaich
add specimen i kit
Lateral Flow Transfer 15ml urine to centrifuge 18 15 B Moderaie (gqualitative Gonorrhea Cand test kit,
Cronarrhes tubve, centrifuge for 10 min, tip resulis —weak bands buffer, centrifiuge plus
Cand® off supematant, resuspend were subjective). power supply, tubes,

pellet with buffer, wait, add
portion 10 second buffer, mix,
add specimen i kit

transfer pipeties, gloves,
timerstopwatch.
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manufacturer’s instructions (Diaguick CT = 10 min; Gonorrhea
Cand=15min). Sl were requred to visually inspect the
cassette and record the result by hand at the designated end
time (different of each ICT) to ensure a valid result. As per the
manufacturer’s  instructions, results  interpreted  afler  the
designated end times are hable to be invahd.

Study and clinical staff performing the POC tests identified
several advantages of the GeneXpert over the ICT deviess,
including: the small volume of urine required no additional
specimen preparation needed, fewer steps perfommed, ability o
test both CT and WG simultaneously, multiple specimens tested
at the same time, results reported objectively (did not require
visual interpretation) and the result stored electronically on the
GeneXpert laptop computer. Disadvantages included: the need
fior electricity and the close attention required to avoid potential
cross-contamination  between  specimens while  transfeming
samples into the test catrdges.

Study and clinical staff noted the advantapes of the ICTs
over the GeneXpert, which mcluded ease of transportation
and stompe of test ks and Bmilianty with other POC tests
with similar lateral Aow platforms such as premancy tests.
Disadvantages of the ICTs included: large volumes of urine
required, the need for the centifugation of the specimen,
numerous steps to perform the test, one infection detected per
test, visual nterpretation of the result and no immedate
pemmanent mecord of the result. Taking all this  into
consideration  overall, clinical stafl  reponted  that  the
GeneXpert was easier o use and feasible for use n ther
health service while the ICT devices wem more complicated

Discussion

To the best of our know ledgs, this is the fimst report of the fisld
use, in a remote setting, of these POC tests for the diagnosis of
sexually transmitted CT and WG, The results demonstrate that
the GeneXpert CT/NG test had a very high sensitivity and
specificity in this remote feld setting, with all chlamydia or
ponorthoea  infections  detected and  only  one  discordant
chlamydia result (with a high crossing point sugpesting the
bacterial load was close to the detectable threshold), using the
labomtory results as the reference test. The GeneXpert CTNG
test requirad a mimimal volume of urine (1 mL) and preparation
time (1 min), and despite taking 90 min to result, there was no
additional intervention required once the test was mitiated. Staff
considered the GeneXpen easy to perfom and identified several
advantages over other POC tests, including the simultaneous
detection of both CT and NG and an objective, electronically
stored mesult at end of testing.

The performance of the GeneXpert CT/NG test in this feld
study is consistent with published literature and manufeturer
information”™™ ™ and also consistent with eardy results from the
TTANGO tmal. Inthe TTANGO trial, more than 1500 STIPOC
tests have besn performed across the six participating health
services randomised to POC in the first vear. Routine nucleic
acid laboratory tests for CT and WG conducted in parallel o
POC testmg have shown that the POC test results (primarily
performed by Aboriginal health practitioners and nurses) for CT
and NG have excellent concordance with laboratory mesults ™
The operational sensitivity of the GeneXpert POC test for CT as
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of May 2014 was 100Fq (95% C1: 96.4-100) and the specificity
was 99.6% (95% C1: 99.0-99.9), and for NG, it was 100% (95%
CL: 94,7100 and 99.9% (95% CI: 99.4-100) respectively,™
and as was seen in this field study, the mre discordant results
ocewrred mainly as the organism load was close to the assay
detection threshold. ™

Both the Diaquick and Gonorrhea Card ICTs performed
poorly, which is consistent with other published evaluations
of these types of ICT tests. ™' The estimates of performance
ofthe ICTs should be mterpreted with caution, as numbers tested
were small, paticulady for Gonorhea Card (n=29). However,
despite the small numbers tested, the upper limit of confidence
for sensitivity of the Diagquick test was only 60%, which was
sigmificantly lower than that of the Gene Xpert test for detecting
CT. The upper limit for specificity of the Gonomhea Card Test
(90%%) remaing conceming, given the potential psycho-social
consequences of reporting false-positive results o patients. The
performance of these ICTs is in stark contrast to syphilis and
HIV ICTs, with reported sensitivities and specificities of
=05%.% However, as syphilis and HIV infections result in a
sustamed antibody  response, WCTs for diagnosis of these
infections are designed to detect this antibody mesponse and
are  compared with  similar  laboratory-based  eneyme
immunoassays, while ICTs for CT and NG are designed to
detect antigens and are compared with labomtory-hased nucleic
acid amplification methods that detect the bactena DNA, and
thus have lower-limits of sensitivity,™

The maimn strength of our evaluation s that it was conducted at
sites with community STI screening pmograms, which enabled
the POC tests to be evalusted using fresh specimens and
occurred in a closedo-real-wordd setting. Some challenges
and limitations were also experienced. We had anticipated
600 samples were required to provide confidence intervals
+13% amund the sensitivity estimates; however, various
fictors meant this sample swee was not achieved, including
traditional events occurring in the communities leading o
mduced numbers of patients attending the services for STI
screening durng the study time period. Additional sites were
considensd; however, after completing the evaluation at the two
sites, the GeneXpen CT/NG test became TGA approved,
meaning that he GeneXpert CT/NG test could be used as an
approved diagnostic and treatment offered to those patients with
positive results. Given these circumstances, the evaluation was
closed despite the reduced sample siee. In addition, urine
volumes were not always sufficient to allow testing of all
three POC tests, particularly as each ICT required 15mL of
uning for poesssing. POC testing was priontised to favour the
GeneXpert, followed by Diaguick, then the Gonorthea Card
Test; CT testing was priotitised over NG in order to collect
specimens for a CT substudy, with the net result that fewer
specimens were tested using ICTs The reduced overall sample
size and limited wine volumes resulled in wide confidence
intervals, particularly around performance estimates for the
ICTs and, therefore, these results should be nterpreted with
S0TIE Caution.

Although tests wene performed by study stafl rather than
health service stafl, we believe the expenences of study stafl,
who had not had any formal labomtory traning, provides a
preliminary indication of feasibility and ease-ofuse in this
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setting. A formal assessment of acceptability, once integrated
into routing clinical practics and used o mitiate treatment, will
be conducted as part of the larger TTANGO trial. Although our
evaluation was implemented over a short ime penod to comcide
with busy ammual sereeming programs at each of the two health
services, stfl indicated that the GeneXpert test could be
incorpomted into the service and uwsed for routine testing.
Preliminary results from the TTANGO trial indicate that the
GeneXpert CT/NG test is being ncorpomted as a screening tool
in routine adult health checks™ and that patients are willing 1w
wail gither in or close by the health service until their test results
are available (at least 90 min).

In conclusion, our results demonstrate that the GeneXpet test
has very high sensitivity and specificity for the detection of both
CT and NG, and study and health service stall indicated that the
GeneXpert test was easier o use than the ICTs evaluated.
Although not evaluated here, cost s an important factor that
will influence wider uptake and access to this POC testing
modality, Madicare rebates, similar to that obtained for
existing chronic disease POC testing in the QAAMS (Quality
Assumnee for Aboriginal and Torres Strait Islander Medical
Service) program, will be important m the long term and POC
costs will nead to be weighad agamst costs saved in rgards to
health service stafl recalling patients and potential public health
benefits associated with more timely treatment.

The results of this field evaluation have informed the design
and implementation strategies of the TTANGO trial, which aims
to formally explore the acceptability, effectivengss and cost-
effectivensss of the GeneXpert CT/NG test in a randomised
controlled trial in remote communities across Australia ® Also,
the findings have mformed a study of GeneXpert CT/NG use in
antenatal secreening in Papua New Guinea later this vear. Thess
studies will provide empirical evidence to support the wider
implementation of the technology.
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ABSTRACT

Background: A new molecular point-of-care (POC) test for Chlamydia trachomatis (CT) and
Neisseria gonorrhoeae (NG) has been shown to accurately replicate the results of
conventional nucleic acid tests when used by dedicated personnel. We examined the
diagnostic performance of the POC test when used routinely by primary care clinicians,
both medical and non-medical, working in a setting of high prevalence for these two

infections.

Methods and Findings: After receiving training, clinical staff at 12 remote primary health
services in central and northern Australia were instructed to use the GeneXpert®CT/NG
assay to test specimens from all patients attending the health service for routine care for
whom the test would normally be indicated according to clinical guidelines. Specimens
from the same patients were also sent for laboratory-based CT/NG nucleic acid
amplification tests (NAATs) as per standard practice. During the study period, 2486
specimens were tested with the GeneXpert with a valid result obtained. Overall CT
concordance was 99.4% (95% confidence interval [Cl]: 99.1-99.7) with positive
concordance of 98.6% (95% Cl: 95.9-99.7) and negative concordance of 99.5% (95%Cl:
99.1-99.8). Overall NG concordance was 99.9% (95%Cl: 99.7-100.0) with positive
concordance of 100.0% (95%Cl: 97.5-100.0) and negative concordance of 99.9% (95%Cl:
99.7-100.0). Most discordant results (14/16) were for CT, with 11 positive on GeneXpert.
The two discordant NG results were both positive on GeneXpert. Mean cycle threshold for
discordant GeneXpert CT positive results (35.3) was higher than for concordant results

(29.1) (p<0.001).

Conclusions: In the first study to report on the routine use of the GeneXpert CT/NG in the
hands of primary health service staff, we found excellent concordance compared with
laboratory-based NAATs. Discordant results have arisen mostly in specimens with low
organism loads, possibly from degradation due to the long journey to the laboratory. The
use of the GeneXpert CT/NG at the POC has the potential to transform management and
control of sexually transmissible infections in high burden settings with rapid results

ensuring timely treatment.
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Introduction

Ensuring access to accurate diagnosis and timely treatment is a critical strategy in the
control of sexually transmissible infections (STIs). There could, therefore, be potential
benefit in shifting diagnostic capability from centralised laboratories to more locations
where patients are encountered such as at primary health services or outreach locations.(1-
6) Point-of-care (POC) testing for STls would allow clinicians to offer appropriate treatment
to patients at the time of consultation rather than waiting for a laboratory result to return
and requiring patient attendance at a second visit, which may be delayed or missed, thus

potentially limiting complications and ongoing transmission.

STls such as chlamydia (caused by Chlamydia trachomatis; CT) and gonorrhoea (caused by
Neisseria gonorrhoeae; NG) are ideal candidates for POC testing: they can be diagnosed
with easily collected specimens such as urine and treated with single doses of antibiotics at
the time of consultation. Furthermore, these infections continue to represent a significant
global public health burden (7), with common complications such as pelvic inflammatory
disease (PID),(8) infertility and ectopic pregnancy,(9) and a range of adverse pregnancy and
neonatal outcomes.(10) These infections contribute to a range of psychosocial
consequences, from feelings of discomfort and shame,(11) to relationship breakdown(12)

and can also play a role in the spread of HIV.(13-15)

In remote Australian Aboriginal communities, rates of infection with CT and NG remain high
despite the wide availability of accurate diagnostic laboratory tests and effective
treatment.(16) Clinical reports from these communities indicate that PID and infertility
occur at rates far higher than in other parts of Australia.(17-19) With diagnostic
laboratories located far from health services, and a highly mobile population, there can be
substantial delays between specimen collection and treatment, with some reports showing
about 20% of those diagnosed with an STI do not receive treatment, and for those treated,
the average time to initiation of treatment is around three weeks.(20, 21) In Australian

urban settings the corresponding figures are 97% and three days.(22)

Until recently, commercially available POC tests for CT and NG were mainly single antigen
detection lateral flow platforms which were inexpensive but required considerable
specimen preparation(23) and had poor sensitivity.(24-29) Recent technological advances
have resulted in the availability of new molecular-based assays and systems suitable for use

at the POC.
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The first GeneXpert assay for CT/NG (GeneXpert®CT/NG, Cepheid, Sunnyvale, CA) became
available in 2013 and has high analytical(30) and clinical(31) performance compared to
established commercial nucleic acid amplification tests (NAATSs), in highly-controlled
laboratory environments with dedicated staff.(32) However, the true test of a POC
diagnostic test’s value is in the hands of clinical staff, who would be required to use it in

routine practice.(33)

TTANGO (Test, Treat ANd GO) is a cross-over randomized control trial which commenced in
mid-2013 and was designed to comprehensively evaluate the clinical effectiveness, cost-
effectiveness, feasibility and acceptability of the GeneXpert CT/NG assay (hereafter
referred to as GeneXpert) for POC testing of STls in primary health services.(34-36) We
report here on the operational performance of the GeneXpert when used at the POC by

primary health care staff compared to conventional laboratory-based NAATSs.

Methods

Setting

Approximately one-fifth (21.1%) of the Australian Aboriginal population live in remote or
very remote areas of Australia, compared to 1.8% of the non-Indigenous population.(16)
Primary health care in remote Australia is generally provided through government or
Aboriginal Community Controlled Health Services. Services are typically staffed by
registered nurses and Aboriginal health practitioners/workers who provide the majority of
clinical care and reside in the community, along with resident or fly in/fly out medical

practitioners and visiting specialists.(37) There is frequent staff turnover in these settings.

In remote Australia where STIs are endemic, guidelines recommend annual CT/NG testing
for people sexually active and younger than 30 years, and up to 34 years in some regions.
Urine is the most commonly collected specimen for CT/NG testing in Australia, followed by
vaginal swabs (self-collected) and cervical swabs (provider-collected). Diagnosis of CT and
NG infections in Australia currently relies on testing of specimens (either urine or swabs)
using commercial or in-house NAATSs, which are conducted at centralised private or public
laboratories. In remote Australia, these laboratories are often significant distances (up to
3200 kilometres) from the primary health service which not only impacts turn-around time

for results but may also adversely affect specimen viability.
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The TTANGO trial and study design

Within the context of the TTANGO trial,(34) we conducted a prospective study to assess the
operational performance of the POC test used in the hands of primary health care staff

compared to routine conventional laboratory-based tests.

Briefly, 12 health services were enrolled in the TTANGO trial, with eight classified(38) as
being located in very remote areas, two in remote and two in outer regional areas. The
health services covered five geographical regions across Australia. Participating health
services were randomly assigned to either POC or routine laboratory testing for CT and NG
for one year before crossing to the opposite modality for another year. The recommended
target age group for STl testing was in accordance with clinical guidelines. During the 12
month period when the GeneXpert was available at each service, specimens were tested
using the GeneXpert by health service staff according to manufacturer recommendations
using either 1mL of urine or a swab specimen. All staff performing the POC test had
completed training as described below. Specimens continued to be sent for conventional

laboratory testing throughout the trial.

Clinical management of patients was informed by the POC test results according to local
guidelines. (39, 40) Where POC test results were not available, or the POC result was
negative but conventional laboratory NAAT was positive, the laboratory-based results

informed further patient management.

Training to perform the POC test

Study coordinators delivered standardised training to nominated clinical staff (Aboriginal
health workers/practitioners, nurses, doctors) at each participating health service. Training
was conducted in-person over one or two days on-site and included instruction on the
TTANGO protocol, trial and results documentation and data collection; performing the
GeneXpert test, maintenance of the device and quality assurance processes; and concluded
with an assessment of competency for those staff designated to be responsible to perform
the test at the service (“operators”). Staff received a competency certificate valid for 2
years if successful. On-line refresher training was also available. Study coordinators
monitored POC testing remotely (test numbers and results, including errors) and made
regular visits to services (approximately every 6 months) to discuss STl testing reports
generated from data collected during TTANGO and encourage best practice STI
management at the service.
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GeneXpert CT/NG test

The GeneXpert CT/NG test was approved by the Therapeutic Goods Administration (TGA) in
March 2013 for use in Australia. GeneXpert devices, test cartridges and specimen collection
kits were supplied to the participating health services free of charge to services for the

duration of the TTANGO trial.

The GeneXpert test is a molecular-based test platform suited to use at the POC. Details of
the operation of the GeneXpert platform and the CT/NG assay are described elsewhere.
(30, 41) Results generated by the GeneXpert at the conclusion of testing (approximately 90
minutes) for each specimen are reported separately for CT and NG and also include
information relating to test cycle thresholds, sample adequacy and test running time. Any
specimen generating an error result was retested where sufficient specimen volume

remained. Error results were investigated by study coordinators to identify possible causes.

Quality assurance

As part of TTANGO, all participating services were enrolled in an external quality assurance
(EQA) program supported by National Reference Laboratory (NRL) Australia, a not-for-profit
scientific organisation and WHO Collaborating Centre for Diagnostics and Laboratory
Support in Australia and internationally. Participating services were provided with blinded
samples for testing with the GeneXpert prior to commencement of routine patient testing
and again within the first 6 months of implementing the test at the service. EQA results
from all services were sent to NRL Australia for aggregation and reporting purposes.
Individual service results were reported back and any errors at the service level investigated
by the TTANGO coordinators. Quality control (QC) was monitored monthly with services
performing the GeneXpert test using positive CT and NG specimens supplied by The
University of Queensland. The results of the EQA and QC will be reported separately

elsewhere.

Comparative laboratory-based NAAT tests

Specimens collected for STI testing during the TTANGO trial were sent as per usual practice
by the health services with requests for conventional STI testing to their respective
laboratories. Across the six laboratories, a range of NAATs for CT and NG detection were
used including: Aptima Combo 2 (Gen-Probe, San Diago, CA, USA), Cobas 4800 (Roche

Diagnostics, Pleasanton, CA, USA); or in-house CT and NG assays.(42) Health service staff

149



cross-checked incoming laboratory results with POC test results in patient records and
manual POC test logs at the service, and alerted TTANGO coordinators to any discordant
results (where a difference between laboratory NAAT and the POC test result on the
GeneXpert was observed) as soon as they were identified. The corresponding laboratory
was then notified, and the original specimen stored (frozen) for additional reference

testing.

Additional reference laboratory testing of discordant specimens

Stored samples with discordant POC and laboratory results were transported from the
laboratories to the study reference laboratory in Melbourne (Royal Women’s Hospital) for
further investigation. Urine or samples received in Cobas transport media was tested using
Cobas 4800 (for both CT and NG), in-house OmpA CT assay,(43) PorA and Opa NG
assays.(44, 45) Any swab or Aptima sample received was extracted on MagNA pure 96
(Roche Diagnostic) and tested with the in-house OmpA CT assay, PorA and Opa NG assays.
A final reference laboratory “positive” result was assigned to any sample in which CT or NG
was detected by either the repeat Cobas 4800 assay or the in-house CT or NG assays. These
final reference results were not used to revise original results but rather provide additional

information as recommended in diagnostic evaluation guidelines.(46)

Data collection and statistical analyses

De-identified POC test results from the GeneXpert platform were captured via middleware
(ONDAS, Medical Communication Associates, Adelaide, Australia) and entered in a secure
SQL database (Microsoft SQL Server 2008, Microsoft Corporation, USA). GeneXpert results
were compared to corresponding laboratory NAAT results as reported to the health service.
Positive, negative and overall concordance(46) was determined separately for CT and NG
between POC test and corresponding laboratory NAAT results, along with 95% confidence
intervals (Cl) by standard methods. Error results generated by the POC test were

investigated informally by study coordinator and remedial actions implemented as needed.

POC test result cycle thresholds were analysed. Rank-sum and t-tests were used to assess if
there was a significant difference in the median and mean cycle threshold values for
concordant and discordant categories of POC CT positive samples, respectively. (47) As a
proxy indicating low-organism load, proportions with cycle thresholds greater than 35 were

also calculated.
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Sample size calculation

Sample size calculations for the TTANGO trial are described elsewhere.(34) For this
operational performance assessment, assuming a positivity of 10% in 16-29 year olds for
CT/NG and POC test concordance of 95% or above, we aimed to include a minimum of 2000
POC tests (i.e. 200 POC test positives) and estimated confidence intervals around positive

concordance would be +/- 4% and negative concordance +/-2%.

Ethics approvals

TTANGO was approved by the following Human Research Ethics Committees (HREC): West
Australian Aboriginal Health Ethics Committee; Kimberley Aboriginal Health Planning
Forum; West Australian Community Health Board Research Ethics Committee; Townsville

Hospital and Health Service HREC; Aboriginal Health Council (South Australia).
Results

There were 2509 GeneXpert tests performed from 1 July 2013 to 30 April 2015. Among
these, there were 2426 samples (96.7%) with a valid result at first test and 83 (3.3%) with
an error. Of the 83 errors, 60 results gave a valid result on repeat test, 8 an error at repeat
test and 15 had no repeat test conducted (Figure 1). The 2486 valid results (2426 results

and 60 retest results) formed the basis of the concordance analysis.

Among the 2486 samples included in the concordance analysis, the laboratory NAATs gave
a positive CT result in 212 (8.5%) samples and a positive NG result in 145 (5.8%) samples.
Overall CT concordance was 99.4% with positive concordance of 98.6% and negative

concordance of 99.5% (Table 1).
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Table 1: Concordance between GeneXpert and conventional laboratory NAAT results for

Chlamydia trachomatis (CT)

NAAT Result
GeneXpert Positive Negative Total
Positive 209 11 220
Negative 3 2263 2266
Total 212 2274 2486
% concordant 98.6 99.5 99.4
(95% Cl) (95.9 -99.7) (99.1 -99.8) (99.1-99.8)

Overall NG concordance was 99.9% with positive concordance of 100.0% and negative

concordance of 99.9% (Table 2).

Table 2: Concordance between GeneXpert and conventional laboratory NAAT results for

Neisseria gonorrhea (NG)

NAAT Result
GeneXpert Positive Negative Total
Positive 145 2 147
Negative 0 2339 2339
Total 145 2341 2486
% concordant 100.0 99.9 99.9
(95% ClI) (97.5 -100.0) (99.7 - 100.0) (99.7 - 100.0)

A total of 16 (0.6%) discordant results were identified. Discordant results occurred in
samples tested at most (5/6) laboratories and among both swab (n=6) and urine (n=10)
specimens. The majority of the discordant results identified were for CT tests (n=14), with

11 positive on GeneXpert and negative on laboratory NAAT and 3 negative on GeneXpert
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but positive on laboratory NAAT. Both discordant NG results were positive on GeneXpert

but negative on the laboratory NAAT.

The difference in the mean cycle threshold between discordant (35.3) and concordant
(29.1) GeneXpert CT positive results was statistically significant (p<0.001). The proportion of
GeneXpert CT positive samples with cycle thresholds greater than 35.0 was 63.6% among

discordant results compared to 6.2% among concordant results (p<0.001) (Table 3).

Table 3: Cycle threshold analysis among GeneXpert CT positive samples

GeneXpert N Median* (IQR) Mean® (SD) % Ct > 35.0c0 (95% Cl)
CT positive

Discordant 11 35.7(31.6-37.4)  353(3.7) 63.6 (30.8 — 89.1)
Concordant 209  29.0(263-326)  29.1(4.2) 6.2 (3.4—10.4)

Tests of significance: *Ranksum : p<0.001. *T-test: p<0.001. e=Chi-squared (Fisher’s exact):

p<0.001. IQR = interquartile range. SD = standard deviation. Cl = Confidence interval

Ten of 16 discordant samples had sufficient remaining volume for additional reference testing.

Reference laboratory testing was in final agreement with GeneXpert in six samples and in

disagreement for four samples (Table 4).
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Table 4: Select characteristics of specimens with discordant GeneXpert and conventional

laboratory NAAT results

Conventional GeneXpert Reference
Spec Pat  lab  Service Spec laboratory Results GeneXpert laboratory

D 1D D ID  type NAAT* Results ct” NAAT" result

CcT NG CT NG CT NG
1 1 1 2 Urine CTneg NGneg CTpos NGneg 34.2 Neg -
2 2 1 2 Urine CTneg NGneg CTpos NGneg 37.2 Pos -
3 3 2 6 Urine CTneg NGneg CTpos NGneg 29.6 N/A -
4 4 3 1 Urine CTneg NGneg CTpos NGneg 30.3 Pos -
5 5 4 4 LVS CTneg NGneg CTpos NG neg 37.7 N/A -
6 6 4 4 Urine CTneg NGneg CTpos NGneg 374 N/A -
7 7 2 8 Urine CTneg NGneg CTpos NGneg 37.2 Pos -
8 8 3 Urine CTneg NGneg CTpos NGneg 31.6 Neg -
9 9 2 6 Urine CTneg NGpos CTpos NG pos 42.4 Neg -
10 10 3 12 Urine CTneg NGneg CTpos NGneg 35.5 Pos -
11 11 3 12 Urine CTneg NG pos CTpos NG pos 35.7 Pos -
12 6 4 4 LVS CTpos NG neg CTneg NGneg 0 N/A -
13 12 2 3 LVS CTpos NG pos CTneg NG pos N/A Neg -
14 13 4 4 LVS CTpos NG pos CTneg NG pos N/A N/A -
15 14 4 4 LVS CTneg NG neg CTneg NG pos 37.5/35.5 - N/A
16 15 5 7 LVS CTneg NGneg CTneg NG pos 35.3/33.9 - Neg

LVS = Lower vaginal swab. * Aptima Combo 2 (Gen-Probe, San Diago, CA, USA), Cobas 4800 (Roche Diagnostics, Pleasanton,

CA, USA); In-house CT and NG (42).” Ct=Cycle threshold for discordant result only (CT-one threshold; NG — two thresholds [2

targets]) ¥ Reference laboratory result for discordant infection only: performed at Royal Womens Hospital (Melbourne) -

samples in Cobas transport media/urine retested by Cobas 4800 (for both CT and NG) and by In-house Omp CT assay, In-

house PorA and Opa NG assays. Swab or Aptima samples were extracted and run on in-house Omp CT assay,(43) In house

PorA and Opa NG assays(43-45) only. Positive result reported if detected on any one of these assays. N/A = sample not

available. ( - ) =result not applicable (not discordant)
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An error rate of 3.3% was observed across all 12 sites (83/2509), with a median of ten
errors (IQR 5-12) per site. Almost one quarter of all errors (21/83) occurred at one site in
a one month period; due to faulty cartridges. The timing of the remaining errors was
mixed with some services experiencing errors in the initial months of POC test
implementation while others on occasion throughout the study. These errors appeared
to be primarily related to the test operator including inadequate volume of specimen

(<1mL) being added to the GeneXpert cartridge.

Discussion

To our knowledge, the TTANGO trial represents the first use of the GeneXpert test
platform for STI diagnosis at the POC, integrated into routine primary health care and
performed by clinical staff. In our setting, clinical staff performing the test included
doctors, but more often nurses and Aboriginal health practitioners, a professional
category that has been established in Australia in recent decades to provide health care
in services with primarily Aboriginal patients.(37) The analysis and results reported here
demonstrate very high concordance of the GeneXpert for both CT (99.4%) and NG
(99.9%) undertaken at the POC by clinical staff, compared with conventional NAATs
routinely performed by scientists in laboratories. The POC results are consisted with
those obtained under more controlled conditions and in the hands of dedicated, non-

clinical operators. (23, 30, 41, 48)

POC test performance has been presented here as concordance rather than sensitivity
and specificity given the comparison to a non-reference gold standard.(46) Concordance
does not equate with accuracy as the non-reference standard used for comparison may
also be incorrect. Concordance in this setting represents agreement with the best
available test alternative currently being used, in this case laboratory NAATs. There is no
evidence from the TTANGO study to confirm superiority of either test, and therefore
commentary on false positives or false negatives with respect to the POC test has not

been provided.

Very few (0.6%) results were identified as discordant and these appeared to be unrelated
to operator, comparator NAAT or specimen type. The generally higher GeneXpert cycle
thresholds observed with discordant results suggests the presence of lower organism

loads, potentially at the limit of test detection. Further testing of these specimens by the
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study reference laboratory resulted in mixed agreement, supporting the very high

accuracy of both the GeneXpert and laboratory-based NAATSs.

Around 3% of the GeneXpert tests led to an error result when first run, but the vast
majority returned a valid result when repeated. Some errors occurred during the initial
period of implementation when the POC test was new to the service, while others
occurred during the more established period of implementation when staff turnover may
have occurred. These errors appeared to be generally related to operator inexperience.
Investigation by TTANGO coordinators identified inadequate sample volume resulting
from poor pipetting technique as a likely cause. Experience with using plastic pipettes
seemed limited at some study sites, thus staff experiencing such difficulties were
retrained in pipetting techniques and offered alternative methods such as using a syringe
to extract the required sample volume. TTANGO training programs were also modified to
include a greater emphasis on achieving competency in extraction of adequate sample
volumes. During the study, faulty cartridges appeared to be associated with a cluster of
error results at one service. Replacement of stock rectified this problem. The outcomes of
the investigation of errors highlights the need for good communication and logistics
support to minimize disruptions to STI testing at services and maintaining staff
confidence in performing the test and the result generated. We do not formally report
here on incomplete or aborted tests where no result is generated and which usually are
related to instrument failure or disruptions to power supply. Feedback from coordinators
indicated that this outcome was infrequently observed, however during the study, some
hardware including test modules and laptop computers, required maintenance or

replacement.

Although testing was integrated as part of routine clinical practice at services, the study
provided standardised training supported with regular telephone contact and in-person
site visits by study coordinators. Staff turnover is generally high in remote primary care
settings, however the training support offered as part of our study and the engagement
of Aboriginal health workers/practitioners as POC test operators (who mostly reside
locally in these communities) likely assisted in maintaining a relatively low error rate
under these circumstances. Further evaluations are warranted to provide evidence of
sustained high performance and clinical benefits of POC testing for CT and NG in these

and other settings outside a well-supported research environment.
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Remote monitoring of results in real-time allowed for the rapid identification of problems
and implementation of remedial actions to avoid any further misuse or technical issues.
The errors observed in this study appeared to have been associated with both operator
and equipment and if they had not been rectified quickly may have reduced the uptake
of POC testing in these services, particularly if alternative testing methods (laboratory-
based) continue to be available. Though not described here in detail, the EQA and QC
quality testing procedures implemented in TTANGO provided a complementary objective
snapshot of the quality of GeneXpert use at each participating service. These quality
procedures will be an essential component of any further expansion of STI POC testing

both in pilot programs and beyond.

This study was done in a population with a very high prevalence of both CT and NG in
very remote settings. It is possible that the POC test accuracy may be different when the
prevalence is lower however the same would apply to laboratory NAATs. As noted
recently by Chow and colleagues,(49) the use of highly sensitive testing in populations
with a very low prevalence of NG can lead to greater numbers of false positive results. An
advantage of the GeneXpert is the inclusion of two targets for NG, essentially having a
screen and confirmation in one step. Commercial NAAT assays (Cobas 4800 and Aptima)
detect one or two targets on the same gene, and laboratories are recommended to
conduct a second confirmatory test for NG using a different assay with a different target
for specimens from genital sites before reporting the results as positive, at additional
time and cost.(50) For extra-genital NG testing (not performed in this study), three

targets or additional genetic sequencing is required.

In conclusion, the results presented here suggest the GeneXpert integrated into remote
primary health service and performed at the POC by trained clinical staff has excellent
diagnostic performance, comparable with laboratory-based commercial and in-house
NAATs. These findings, coupled with the logistic, clinical and public health advantages of
being able to offer appropriate management to patients and their partners at the time of
their initial consultation, strongly support the use of this POC test technology on a
broader scale. However, to fully achieve the benefits and maximize its impact, POC
testing must be combined with other strategies including increasing opportunistic
testing, partner notification, retesting and health promotion in these remote Aboriginal

communities with high rates of CT and NG.
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Chapter 7: Conclusions

The aim of the research presented in this thesis was to generate new evidence to support
decision-making in relation to the use of POC tests for STls. The research projects reported
in this thesis specifically sought to provide evidence required to determine whether select
POC tests meet requirements to advance along various steps of the pathway from initial
technical development, through to laboratory and field evaluations, with the ultimate

objective of program implementation.
7.1 Syphilis POC tests

Laboratory and operational research studies had previously demonstrated that traditional
treponemal-only POC tests for syphilis had excellent performance characteristics in a
variety of laboratory, field and programmatic settings.(1-5) However, there was
comparatively little information available on the relative performance of competing POC
syphilis tests. Also, at the time of commencing this thesis, it was unclear if the
performances of these tests were affected by HIV co-infection. In many populations,
syphilis occurs more frequently in people with HIV infection, so the question is of
considerable practical importance. For example in Australia nearly half the new syphilis
cases diagnosed among men who have sex with men are among those with HIV co-
infection.(6) Another important question was the extent to which test performance was

affected by syphilis stage.

As described in Chapter 2, a large, multisite, head-to-head laboratory-based evaluation of
four POC tests for syphilis was conducted using archived Australian sera that could be
classified according to syphilis stage and HIV status. The aim of the study was to evaluate
the performance and ease of use of these tests, exploring potential differences by clinical
stage of syphilis and HIV status. The evaluation included three treponemal-only tests
selected based upon their commercial availability and suitability for future field use
(Determine TP, SD Bioline, CTK Biotech) and one newly available treponemal/non-

treponemal assay (Chembio DPP).

In the evaluation, all four tests were considered easy to use and interpret by the
technicians performing the tests. When compared against the laboratory reference

treponemal immunoassays (CIA and EIA), the Determine test was the best performing of
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the POC tests, with a sensitivity of 100% in both primary and secondary stage syphilis. The
other three tests had lower sensitivities among primary infection (77.3-88.7%) and while
their sensitivities increased in secondary infections (94.3-98.6%), none reached 100%, so
they would fail to detect a proportion of active infections. As described in Chapter 1, missed
infections are of particular concern for antenatal populations, in whom untreated syphilis
can lead to serious pregnancy outcomes in the short-term including stillbirth, early foetal
death, low birth weight, preterm delivery, neonatal death, or infection or disease in the
newborn.(7) Among men who have sex with men, untreated infection could increase the
likelihood of onward transmission of syphilis and the risk of HIV transmission.(8) The

performance of all four tests appeared to be unaffected by HIV status.

The treponemal performance and ease-of-use findings across the four POC tests for syphilis
are similar to other evaluations and support the role for these tests, particularly the
Determine test, for antenatal and other screening in countries that do not have access to
standard laboratory tests for syphilis, as per WHO and other recommendations.(3, 9)
Further programmatic efforts are needed to ensure coverage reaches 100% in a number of
countries, particularly in settings of high prevalence. Combined HIV and syphilis POC tests

may assist in improving uptake.(3)

The use of syphilis POC tests in high income countries such as Australia might be
considered in populations with high rates of syphilis and HIV co-infection, and in which loss
to follow-up is a significant risk. An important limitation of treponemal-only tests is their
inability to distinguish past, treated infection from new infection, an issue that is of
particular importance for high incidence populations such as men with HIV infection in
Australia. In this context treponemal-only tests could be utilised in a screening strategy with
any positive POC test leading to venepunture for routine laboratory-based syphilis serology

and retesting with a non-treponemal assay.

One of the four POC tests included in the performance comparison was a novel test capable
of detecting both treponemal and non-treponemal antibodies (Chembio DPP Screen and
Confirm), which had been newly introduced in 2010. At the time of commencing this thesis
in early 2011, there were limited performance data available for the test,(10) and none
quantifying the extent to which it could be used to avoid over-diagnosis (and treatment)
compared to traditional treponemal-only POC tests. No laboratory-based or field-based

operational performance data were available from Australia.
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Chapter 3 is based on a sub-analysis of data from the laboratory-based evaluation and
focuses on the performance of the Chembio DPP test. The study also explored the potential
clinical implications of the test. We found that although the DPP test would detect most
active infections (>93%), only around half (50.2%) of the past, treated cases would be
determined as not requiring treatment. These findings suggest that this POC test could lead
to a reduction in unnecessary treatment, but it may come at the expense of a somewhat
reduced treponemal sensitivity, resulting in missing cases that may truly require treatment.
When comparing to the best available treponemal-only assay (Determine) it is important to
consider the balance between the reduction in over-treatment offered by the DPP test and
the relatively lower sensitivity, resulting in some false negative results. The population
context will be important to consider in this comparison. If there is a substantial proportion
of past/treated infection (or yaws, which is serologically indistinguishable from syphilis), a
treponemal-only POC test may be preferred or, alternatively, a treponemal-only test might
be considered as first line, followed by the dual test to minimise over-diagnosis and
subsequent treatment. The DPP test may prove useful to support the monitoring of
programs to eradicate yaws, a disease that is generally endemic in regions where standard

laboratory methods are unavailable.

The potential benefit of using the dual test as a secondary test was recently explored in a
model-based cost-effectiveness evaluation comparing a number of different syphilis
screening strategies using available POC tests. The study focused on pregnant women
attending antenatal clinics in Peru, Tanzania and Zambia.(11) The model considered 10
screening and treatment approaches including testing algorithms involving RPR only,
treponemal-only POC tests and combined treponemal/non-treponemal (dual) POC tests, as
well as no treatment and mass treatment. The authors concluded that treponemal-only
tests were the most cost-effective option given the current costs of dual tests ($2.50), while
the sequential testing regimens were more costly but could reduce over-treatment.(11) The
authors also found that cost-effectiveness of these interventions could be improved with
increased screening coverage.(11) Mass treatment, though controversial, was considered to
be relatively inexpensive and effective in the absence of screening supplies, but would
result in unnecessary treatment of many women.(11) With a reduced cost of dual tests and
increased coverage, it is possible that a sequential approach may become more cost

effective than treponemal-only strategies in these settings.
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Since we conducted and reported our study, three additional papers have appeared
reporting on the performance of the Chembio DPP test.(12-14) These studies report good
performance of the DPP test (for each of the treponemal and non-treponemal components)
with treponemal and non-treponemal sensitivities ranging from 90.0 - 99.5% and 87.2 -
98.8%, respectively.(12-14) The study from China found the performance of the test in
outreach settings was as good as that in clinical settings and that there was no difference in
performance between specimen types (whole blood, finger prick and serum).(13) These
results demonstrate that the test can be performed to a high standard with different types
of specimens, in clinical and non-clinical settings, and by clinical staff or outreach team
members. The papers published since our evaluation did not consider the performance of

these tests according to HIV status.

The DPP test has also been evaluated recently for screening and diagnosis of yaws utilising
samples collected as part of a community prevalence survey in the Solomon Islands(15) and
among samples (blood and plasma) collected among clinically suspected cases of yaws as
part of a follow-up survey in the eradication effort in Papua New Guinea.(16) In the
Solomon Islands, the sensitivity of the DPP test components (treponemal and non-
treponemal) appeared to be much lower (59% and 42% respectively) than reported
estimates for syphilis (>85%), possibly due to generally lower antibody titres often found in
people with yaws compared to those with syphilis.(17) As in syphilis, the DPP test sensitivity
in yaws increased (to 92%) with higher RPR titres (>1:16).(15) In contrast, sensitivities were
higher in the PNG study (both treponemal and non-treponemal were 88%), with non-
treponemal sensitivity increasing to 94% at higher RPR titres (>1:8).(16) Given these mixed
results, further evaluations may be required to better define the role of the DPP test in
assessing patients presenting with yaws-like lesions in the setting of an eradication

environment.

Also subsequent to our reports, the dataset of more than 1000 records that we used for
syphilis laboratory evaluation in Australia has contributed to a recently conducted meta-
analysis of DPP test performance, including a total of nine datasets. The combined large
sample size for the meta-analysis will allow for more accurate performance estimates to be
calculated across a range of sub-groups defined by syphilis stage, RPR titres, infection type

(yaws or syphilis), and comparator reference test.
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7.2 Chlamydia and gonorrhea POC tests

As explained in Chapter 1, chlamydia and gonorrhea infections contribute substantially to
the global burden of STlIs.(18, 19) In Australia the highest incidence and prevalence of both
infections are reported among young people in remote Aboriginal communities, so there is
urgent need to identify new strategies to improve the uptake of testing and treatment.(6)
POC tests offer one potential solution to the problem of delays in treatment resulting from

the use of long distance laboratories.

Evaluations and reviews of the evidence of a variety of traditional lateral flow POC tests for
detection of CT and NG have demonstrated dismal performance and inconvenient timed
testing processes.(20-22) Recent technological advances have led to the development of
molecular-based POC testing devices capable of using methodologies previously limited to
well-resourced reference laboratories with trained technicians. The first of these devices to
be commercially available was the Cepheid GeneXpert, which uses pathogen-specific
cartridges and was initially promoted globally for the diagnosis of tuberculosis.(23) The
development of the CT/NG cartridge opened up the possibility of using this device for point
of care diagnosis of these infections. The first evaluations of the GeneXpert CT/NG assay in
laboratory (24) and in clinical settings (with specimens collected routinely at clinical
services and testing performed at a mix of investigational sites and a study laboratory)(25)
showed that it had a very high sensitivity and specificity, but it had not yet been shown to
be feasible for clinical POC use or that its high performance could be maintained in the

hands of clinicians in a primary care setting.

We therefore conducted a pilot field study of CT and NG POC tests (Chapter 5), to provide
evidence in the next step of the evaluation pathway. The pilot field study aimed to
determine the operational performance of the test, and explore the feasibility, acceptability
and ease of use of the GeneXpert CT/NG assay as compared to two of the better
performing lateral flow tests in two clinics providing health services to Aboriginal people in
remote communities. The evaluation was conducted in the context of annual STl screening
that the clinics were conducting in their communities, thereby allowing for the desired

sample size to be achieved in a relatively short time period.

In contrast with laboratory-based studies, the field-based evaluation allowed us to assess
performance of the assays in a more “real world” setting characterised by: (i) non-

laboratory technicians performing the tests and (ii) tests conducted on fresh specimens as
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they were collected from patients attending the health service for routine care or
screening. As with a laboratory-based study, staff performing the tests were blinded to all
clinical information and the reference test results. During this pilot field evaluation
laboratory results continued to guide patient management according to regional guidelines
as the GeneXpert POC test was not yet approved for diagnostic use by Australia’s regulatory
body (TGA). As a result, this study was not able to evaluate the impact on time to

treatment by using the POC tests.

The results demonstrated substantially superior performance of the GeneXpert, with CT
sensitivity of 100% and specificity of 99.5%, compared to 27.3% and 66.7% respectively for
the lateral flow test; and NG sensitivity and specificity of 100%, compared to 66.7% and

specificity of 76.9% for the lateral flow test.

Unlike a laboratory-based study, the pilot field study provided the opportunity to ascertain
how these POC tests might be incorporated into the clinic workflow and to explore the
perspectives of the operators and clinic staff regarding the use of the tests, acceptability
and likely suitability in similar remote settings. Despite the length of time to result with the
GeneXpert test being longer than traditional lateral flow tests (90 minutes vs 10 -15
minutes), there were fewer specimen preparation steps and minimal preparation time for
the GeneXpert (four steps; 1 minute preparation) compared to the lateral flow tests (eight

steps; 18 minutes preparation).

The field study provided some insight into the feasibility and potential scale of logistics that
might be required to include a molecular-based POC test such as GeneXpert for STI
diagnosis into a large scale trial of STI POC testing performed by clinical staff as part of
routine care. The GeneXpert CT/NG failed to meet some of the ASSURED criteria (26)
(rapidity of result and scope of equipment required), but its high accuracy and substantial
operational benefits over the traditional lateral flow are good indicators of its potential
suitability for use in such remote settings where delays to treatment, and loss to follow-up

following a positive test are frequently encountered.

Guided by the findings from this pilot field study, a large scale trial known as TTANGO (Test,
Treat and Go) was implemented as the next step in the evaluation pathway to determine
clinical impact and quantify operational performance and acceptability, feasibility and
cost/cost-effectiveness of a POC testing strategy for STls using the GeneXpert CT/NG assay.

As described in Chapter 4, the design was a cross-over RCT trial in which 12 remote health
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services (clusters) were randomised to commence with either standard STl care or standard
care plus POC testing for CT and NG for 12 months. At the completion of the first period,
each service then crossed over to the alternative care strategy for the next 12 months.
Services were selected based upon a number of criteria including likely sufficient number of
positive CT and NG results to achieve the required sample size (a limitation already noted
for the pilot study). In both phases (standard care and POC testing), specimens continued to
be sent to jurisdictional laboratories for routine NAATSs. This not only provided a reference
test result as the comparator for an estimation of POC test performance but also ensured
no disruption to processes for mandated STI notifications and culture/isolation for

gonococcal AMR monitoring conducted by these reference laboratories.

In contrast to the pilot study (and as TGA had by then approved the GeneXpert for
diagnosis on CT/ NG in 2013), the POC test result guided STI management for asymptomatic
patients (syndromic management continued as per guidelines for symptomatic and high-
risk clients). In the standard care phase, results of routine laboratory NAATSs continued to
guide STI management as usual. Designated clinical staff from the health service were
trained to perform the POC test (rather than study staff as was done in the pilot study) and
incorporated the POC test as part of routine clinical practice. Treatment could therefore be

offered immediately to those found to be positive by the POC test.

Chapter 6 reports on the operational performance of the GeneXpert CT/NG assay in the
context of this trial. With more than 2500 POC tests performed, overall concordance with
laboratory-based NAATs for CT was 99.4% (95% Cl: 99.1-99.8) and for NG was 99.9% (95%
Cl: 99.7-100.0). The large sample size provided more precise performance estimates
(narrower confidence intervals) compared to those in the earlier pilot study. Concordance
in this setting represents agreement with the best available test alternative currently being
used, in this case laboratory NAATs. There is no evidence from the TTANGO trial to confirm
superiority of either test, and therefore commentary on false positives or false negatives
with respect to the POC test is not provided. Analysis of the GenXpert cycle thresholds and
the additional testing at the study reference laboratory of the discordant results (using a
combined algorithm of both a commercial and in-house molecular CT and NG assays)
suggests that these discordant results have arisen mostly in specimens with low organism
loads, possibly from degradation due to the long journey to the laboratory. The results of
this discordant testing were not used to modify our estimates of concordance, which is in

keeping with recommendations for reporting.(27)
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As far as we are aware, the TTANGO trial represents the first use of the GeneXpert CT/NG
assay for point of care use in a general, primary care setting anywhere in the world,
although it has been used in specialised STI primary care settings.(28) The findings strongly
suggest that the GeneXpert CT/NG assay, integrated into these settings and performed at
the POC by trained clinical staff is both highly practical and diagnostically accurate to a level
comparable with laboratory-based commercial and in-house NAATs. As mentioned in
Chapter 4, the TTANGO trial aimed to provide evidence not only on operational
performance of the POC test but also on clinical impact (measured in the short term in this
trial by a change in numbers of reinfections), acceptability of the POC test and testing to
patients and staff (measured through qualitative and quantitative interviews and
questionnaires), cost and cost-effectiveness. Some of the results of these objectives which
complement the work in this thesis have been presented and published already by co-

investigators as briefly noted below.

Acceptability of POC testing was assessed through a series of qualitative studies (in-depth
interviews and self-administered questionnaires) through the perspective of key informants
and stakeholders (29, 30), and staff (31) and patients (unpublished). Stakeholders believed
POC testing could achieve anticipated outcomes of reduced time to treatment and
expedited partner notification though they also highlighted the need for systems to be
developed to maintain the completeness of notification reports and gonococcal
antimicrobial resistance (AMR) surveillance.(29, 30) Most staff reported the GeneXpert
CT/NG test was both easy to use and improved STI management, resulting in more timely
and targeted treatment, earlier commencement of partner notification, and reduced time
and effort associated with client recall.(31) For some, barriers included the manual
documentation processes and managing positive test results in a shorter time frame.(31)
Preliminary data on time-to-treatment suggests that even at a health service with a strong
and comprehensive STl control program further improvement in STI management can be
achieved with POC tests, with treatment occurring on average 8 days sooner for those

treated on the basis of a test result.(32)

Beyond the topics considered in this thesis, key issues for POC test implementation that
were incorporated in TTANGO include training, and quality assurance. The experience
gained through designing and implementing these programs will require formal assessment

to ensure that findings will be available to guide future implementation of POC testing in
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Australia. Funding of tests and linkage to public health notification systems for STIs will also

need to be taken into consideration.

Building upon the lessons learned and findings from the TTANGO trial, and enthusiasm
from the participating health services to continue POC testing, funding (through NHMRC
and Australian Department of Health) was secured in 2015 to design and implement larger
scale roll out of POC testing for CT/NG in 33 remote health services in Australia. The
expansion of POC testing will be undertaken in concert with other key strategies to increase
testing coverage, retesting and partner notification. The program will also introduce POC
testing for trichomoniasis using the same GeneXpert platform, as this new assay has
recently been demonstrated to have good performance in the laboratory (33) and to be
feasible for use alongside testing for chlamydia and gonorrhoea.(34) This expanded
program, known as TTANGO2, includes a formal monitoring and evaluation component to
comprehensively assess the clinical impact of POC testing on STls, impact on testing for HIV
and syphilis (non-point of care diagnosis), program cost, training methodologies, alternative

gonococcal AMR surveillance and STI notification strategies.

Availability and use of the GeneXpert at the POC for STI diagnosis has the potential to
transform management and control of STls in remote Australia and other high burden
settings with rapid results ensuring timely treatment. Ideally, to measure the impact of this
strategy, significant longer term clinical outcomes such as PID should be assessed. In these
settings with very high incidences and prevalences of curable STls, control is likely to
require more than just the availability of POC testing; a combination of approaches will be
needed including increasing opportunistic testing, partner notification, retesting and health
promotion in these remote Aboriginal communities with high rates of chlamydia and
gonorrhoea.(6, 35) Determination of costs and cost-effectiveness of these approaches will

be essential to advocate sustainable funding over the longer term.
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Chapter 8: Recommendations

The following recommendations are based upon the findings generated through the
research described in this thesis and are proposed in the context of other relevant work
being implemented and recently published around POC testing for STls. These
recommendations have been presented and discussed with co-investigators and colleagues
but not formally endorsed by them. As such they represent the views of the author and are

intended to promote discussion of next steps and future work.
8.1 Syphilis POC tests

Our research demonstrated that a selection of treponemal-only POC tests for syphilis and
one novel dual test perform well in an Australian laboratory setting and could be
incorporated into a comprehensive POC STl testing strategy among populations at greatest
risk. Whether the benefits of using the DPP test (being able to distinguish some cases of
past, treated syphilis from current active cases), outweighs the limitations (a number of
missed cases) needs further consideration through both empirical research and cost-

effectiveness modelling.

For syphilis in urban, gay men in Australia, time to treatment and loss-to follow-up are of
lesser concern than they might be in an endemic low resource setting in which maternal
transmission is a threat. POC tests for syphilis may nevertheless have a role when there is a
need to rapidly and substantially increase testing coverage. For example, they have been
used to respond to the recent outbreaks of infection in remote communities of central and
northern Australia (36) and they could also be of relevance in an at-risk population in an
urban setting. Circumstances where opportunistic screening is suitable may also be
amenable to POC testing such as cultural or sporting events where increased testing

coverage may lead to identification of potential cases for further follow-up.
At this time, we recommend:

e Continue traditional laboratory-based serological diagnosis of syphilis in Australia

e Conduct field research to explore circumstances in Australia in which POC testing
for syphilis might add benefit through increased testing coverage and treatment
completion, e.g. outbreaks, outreach or opportunistic settings, possibly in

combination with HIV POC testing
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e Conduct laboratory-based and/or field research as appropriate on other new,
promising dual tests (treponemal and non-treponemal), and combination/dual

infection tests such as for HIV plus syphilis
8.2 Chlamydia and gonorrhoea

Our operational research has demonstrated that the GeneXpert CT/NG test used clinically
in remote health services performs as well as currently available laboratory based NAATs
and is feasible for use in this setting. Other complementary findings generated from the
TTANGO trial suggest that the POC test and strategy are welcomed by high-level
stakeholders,(29) and both clinical staff (31) and patients (unpublished). Preliminary results
on clinical impact suggest a significant reduction in time to treatment,(32) but analysis of

the primary RCT endpoint (reduction of reinfections) has not been undertaken yet.

As a next step in the evaluation pathway, the recently funded expansion of POC testing for
CT and NG strategy (TTANGO2) will be implemented and formally assessed to evaluate its
impact, sustainability, costs and acceptability. To reduce the STI prevalence in this high
burden setting, POC testing will need to be accompanied by health promotion and other
strategies to increase testing, partner notification, retesting and treatment timeliness. For
example, in Western Australia, clinical guidelines have recently changed to recommend bi-

annual STl screening in endemic regions.(37)

In addition to its broader goals, it is important that the evaluation of the TTANGO2 POC

testing program assesses

e Impact of the multi-faceted STI program on STl clinical practices in health services
including changes in the uptake and frequency of STI testing and timeliness of
treatment

e Impact on re-infections, STI prevalence and if possible, sequelae of STIs such as PID.
These outcomes are difficult to measure in implementation studies, so may need to
be explored using mathematical modelling

e Cost and cost-effectiveness of testing, with a view to providing evidence to inform
applications for sustainable funding mechanisms (through government schemes

such as Medicare)
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e Impact on other STl testing (HIV and syphilis in particular) - to ensure the
introduction of POC testing for CT/NG and TV does not have any unintended
detrimental effects to non-POC testing for other STls

e Whether the program meets public health surveillance goals, particularly STI
notification and gonococcal AMR surveillance

e Acceptability of the training model to clinical staff and quality management
processes

e Compatibility of POC device with current electronic patient management systems
to record POC test results (and mimic, where possible, electronic delivery processes
for standard laboratory results)

e Training methodologies to ensure competency of clinical staff/test operators

This GeneXpert device has the potential to be used for screening or diagnosis of other
infections that are related to sexual and other risk behaviours including HIV (for the
detection of very early infection), HPV (human papilloma virus), and hepatitis C. In 2017,
Australia will implement a new program for cervical cancer screening, based on 5-yearly
HPV screening rather than traditional Pap tests. In remote Aboriginal communities, health
services will likely face similar issues to those that arise with STI testing, requiring that
specimens be sent to centralised urban laboratories, the need to follow up in a mobile

population and difficulties recalling patients once results are received.

We recommend future research include:

e Investigation of how the GeneXpert POC can be used to expand access to HPV
screening in remote Aboriginal communities and how best to integrate STl and HPV
screening (recognising that target age groups for HPV screening are likely to be

older than for other STIs)

As recently reported by Natoli et al, there is also potential for the GeneXpert POC for
chlamydia and gonorrhoea to have benefits in other populations and settings.(38) The
recent release (2015) of the small, portable, battery operated, single cartridge “Omni”
platform from Cepheid is likely to be more feasible for use in mobile outreach programs,
when available for STl assays, than the current more bulky versions used in our clinic-based

studies.

We recommend future research include:
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e Investigation of use of POC testing for STIs using new, more portable devices in
outreach programs and prison or other settings where high-risk individuals may
experience barriers to access regular clinical facilities and there may be significant

loss to follow-up before treatment.

As described in Chapter 1, curable STls are important causes of adverse maternal and
neonatal health outcomes but in many resource-limited settings these infections remain
undiagnosed and therefore untreated in pregnancy, because of a lack of suitable diagnostic
technology. Evaluations of the effectiveness and costs of diagnosis and treatment of STls in
pregnant women using the GeneXpert assays for STls (including CT, NG and TV) in antenatal

clinics in resource-limited settings are a priority.

One such trial is about to commence at a number of antenatal clinics in Papua New Guinea.
This trial will use a cluster-randomised design to compare birth outcomes between women
attending antenatal clinics who were offered POC STl testing with those who were not, and
will evaluate the implementation requirements, costs and acceptability of antenatal POC
STl testing and treatment compared to routine care. The trial will have a potentially major

impact on practice in all low-resource, high-burden settings.

In conclusion, the research presented in this thesis has contributed substantially to the
knowledge surrounding the use of POC tests for STls in Australia and already influenced
approaches to programmatic implementation. Although much remains to be done to
realise the potential benefits of POC testing for STls at the patient and community level,
this research along with future work conducted in the framework of the evaluation
pathway will ensure that these tests and testing strategies are in implemented in the most

appropriate and effective ways possible.
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