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Abstract

Background: We conducted systematic reviews on the benefits and harms of screening compared with no
screening or alternative screening approaches for Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) in
non-pregnant sexually active individuals, and on the relative importance patients’ place on the relevant outcomes.
Findings will inform recommendations by the Canadian Task Force on Preventive Health Care.

Methods: We searched five databases (to January 24, 2020), trial registries, conference proceedings, and reference
lists for English and French literature published since 1996. Screening, study selection, and risk of bias assessments
were independently undertaken by two reviewers, with consensus for final decisions. Data extraction was
conducted by one reviewer and checked by another for accuracy and completeness. Meta-analysis was conducted
where appropriate. We used the GRADE approach to rate the certainty of the evidence. The Task Force and content
experts provided input on determining thresholds for important effect sizes and on interpretation of findings.

Results: Of 41 included studies, 17 and 11 reported on benefits and harms of screening, respectively, and 14
reported on patient preferences. Universal screening for CT in general populations 16 to 29 years of age, using
population-based or opportunistic approaches achieving low screening rates, may make little-to-no difference for a
female’s risk of pelvic inflammatory disease (PID) (2 RCTs, n=141,362; 0.3 more in 1000 [7.6 fewer to 11 more]) or
ectopic pregnancy (1 RCT, n=15,459; 0.20 more per 1000 [2.2 fewer to 3.9 more]). It may also not make a difference
for CT transmission (3 RCTs, n=41,709; 3 fewer per 1000 [11.5 fewer to 6.9 more]). However, benefits may be
achieved for reducing PID if screening rates are increased (2 trials, n=30,652; 5.7 fewer per 1000 [10.8 fewer to 1.1
more]), and for reducing CT and NG transmission when intensely screening high-prevalence female populations (2
trials, n=6127; 34.3 fewer per 1000 [4 to 58 fewer]; NNS 29 [17 to 250]). Evidence on infertility in females from CT
screening and on transmission of NG in males and both sexes from screening for CT and NG is very uncertain. No
evidence was found for cervicitis, chronic pelvic pain, or infertility in males from CT screening, or on any clinical
outcomes from NG screening. Undergoing screening, or having a diagnosis of CT, may cause a small-to-moderate
number of people to experience some degree of harm, mainly due to feelings of stigmatization and anxiety about
future infertility risk. The number of individuals affected in the entire screening-eligible population is likely smaller.
Screening may make little-to-no difference for general anxiety, self-esteem, or relationship break-up. Evidence on
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values and preferences

transmission from studies comparing home versus clinic screening is very uncertain. Four studies on patient
preferences found that although utility values for the different consequences of CT and NG infections are probably
quite similar, when considering the duration of the health state experiences, infertility and chronic pelvic pain are
probably valued much more than PID, ectopic pregnancy, and cervicitis. How patients weigh the potential benefits
versus harms of screening is very uncertain (1 survey, 10 qualitative studies); risks to reproductive health and
transmission appear to be more important than the (often transient) psychosocial harms.

Discussion: Most of the evidence on screening for CT and/or NG offers low or very low certainty about the
benefits and harms. Indirectness from use of comparison groups receiving some screening, incomplete outcome
ascertainment, and use of outreach settings was a major contributor to uncertainty. Patient preferences indicate
that the potential benefits from screening appear to outweigh the possible harms. Direct evidence about which
screening strategies and intervals to use, which age to start and stop screening, and whether screening males in
addition to females is necessary to prevent clinical outcomes is scarce, and further research in these areas would be
informative. Apart from the evidence in this review, information on factors related to equity, acceptability,
implementation, cost/resources, and feasibility will support recommendations made by the Task Force.

Systematic review registration: International Prospective Register of Systematic Reviews (PROSPERO), registration
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Background

Impact of the infections

Chlamydia trachomatis (CT) and Neisseria gonorrhoeae
(NG) are the most commonly reported bacterial sexually
transmitted infections (STIs) in Canada [1, 2]. In 2017,
CT was reported for 0.6—1.3% of males and 1.1-2.5% of
females 15-29 years old, and for <0.4% for those above
30 years old [3]. NG rates are about one-tenth of CT
[1, 2]. These annual reported cases are thought to
underestimate actual rates by at least 70% [4], likely
because the infections are largely asymptomatic, often
treated using syndromic management, and are incom-
pletely reported [4]. Additionally, without widespread
testing of extragenital sites, reported rates generally
reflect genital infections whereas oropharyngeal and
rectal CT and NG infections can be as high as 20%
and often occur in the absence of a genital infection
[5-7]. Lastly, lower reported rates in 15-19 year olds
compared with 20-24 year olds, and in males, are
attributed to lower testing rates rather than true differ-
ences in prevalence. Screening studies have reported
much higher rates in 15-19 year olds and similar rates
between sexes [8, 9], which aligns with knowledge about
behavioral (e.g., condomless sex [10]) and biological (e.g.,
cervical ectopy in adolescent females [11]) risk factors.
Several sexual behaviors such as inconsistent condom use,
multiple sexual partners, and partner(s) having concurrent
partners place one at higher risk. Although the total
number of cases is relatively low compared with other
provinces and populations, the highest population-based
prevalence rates in Canada are observed in Nunavut and
the Northwest Territories and for Indigenous peoples [4].

These rates may reflect the relatively high impacts on sev-
eral social determinants of health such as socioeconomic
status, geography, demographics (younger median age),
and other aspects of social vulnerability including coloni-
alism [12]. There is also concern about the lack of access
to screening as well as to culturally safe care especially in
rural and remote regions. Some individuals (e.g, MSM,
transgender) are disproportionally impacted because of a
delay or avoidance of seeking STI-related information,
care, and services as a result of anticipated homophobia,
transphobia, ignorance, and insensitivity [13]. Having
other ST1Is is also a risk factor. Up to 20 to 40% of individ-
uals infected with NG are co-infected with CT, although
fewer people (0.6—10%) with CT also have NG [4, 14-18].

Rates of CT and NG increased three-fold and five-fold,
respectively, between 1997 and 2017 in Canada, with
steady increases in CT and more accelerated increases in
NG over the last 5 years [3]. These rises to some degree
reflect increases in case finding, from the use of highly
sensitive (86—98% [19]) nucleic acid amplification tests
[1, 2], the availability of urine and self-swab sample col-
lection, and increased screening of extragenital sites.
There is also a hypothesis that the increased rates of CT
are paradoxically due to increased reinfection rates
following aggressive control efforts “seek and treat”, due
to an “arrested immune state” associated with early initi-
ation of treatment resulting in interruption of naturally
acquired immunity [20].

The mean duration of CT is 1.4 years [21] and of NG
is about 6 months [22]. The infections will resolve spon-
taneously if not treated, but while active, they can initi-
ate inflammatory and immunological processes leading
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to several complications [23]. In females, CT and NG
are important causes of pelvic inflammatory disease
(PID), with CT implicated in one-fifth to one-third of all
PID cases [24-26]. PID can be asymptomatic, resolve
spontaneously, or lead to the sequelae of chronic pelvic
pain, ectopic pregnancy, and infertility. It may also be
possible for the infections to cause ectopic pregnancy
and infertility without first causing PID [27]. Best esti-
mates of the rates of complications in untreated CT,
from longitudinal cohorts and control arms of represen-
tative trials, are 10-16% for PID [28, 29], 3-8% for
chronic pelvic pain [27, 30], 0.02-2% for ectopic preg-
nancy, and 0.1-4.6% for infertility [27]. Infection with
NG results in more severe manifestations and increases
the risks of PID and its sequelae [31]. The duration and
severity of these outcomes will vary [32]. In males, re-
productive system complications include epididymitis,
with or without orchitis, and, rarely [33], infertility.
Other complications occur in both reproductive (e.g.,
urethritis, cervicitis) and non-reproductive sites (e.g.,
reactive arthritis, pharyngitis, proctitis) for both sexes.
An uncommon complication of NG is disseminated
gonococcal infection, thought to occur in <1% of those
infected and with the rare sequelae of endocarditis [34].
CT and NG may increase susceptibility to the human
immunodeficiency virus (HIV), although findings from
longitudinal studies examining the associations between
STIs and HIV acquisition have inconsistent findings, due
to poor accounting for actual HIV contact/exposure and
adjustment for confounders; moreover, trials have failed
to demonstrate that STI control interventions can
reduce HIV incidence [4, 5, 35—38]. Reinfection with CT
or NG increases the risk for complications [27, 39-41].
A meta-analysis of 38 studies found median reinfection
rates for CT of 13.9% (follow-up 2—-60 months) and for
NG of 11.7% (follow-up 3-20 months) [39]. Little is
known about the reproductive consequences from
single-site extragenital CT infections, although oropha-
ryngeal infection can be transmitted to the genitals [42],
and infection of the genitals may occur through contiguous
spread from extragenital sites [43]. Current treatment
regimens for uncomplicated urogenital CT and NG are
over 95% effective [44—48], if adhered to, although anti-
microbial resistance is becoming a major issue for NG [49].

Screening for CT and NG

Because of the largely asymptomatic nature of the infec-
tions, screening may be necessary to reduce the clinical
consequences discussed above related to the natural
course of infection. Screening refers to systematically of-
fering a test to detect an infection in those asymptomatic
or not purposively seeking care for symptoms. It in-
cludes the associated follow-up including treatment and
partner notification, as well as possibly re-testing for re-
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infection and counseling on future STI prevention. At a
population level, the aim of screening is also to reduce
transmission of the infections. However, screening might
lead to negative physical (e.g., serious adverse drug
effects from treatment) or psychosocial (e.g., stigma,
anxiety) consequences. Possible benefits from reducing
CT-related consequences relative to harms from the
procedure need to be considered during decision making
about implementing and participating in screening.

Different screening approaches are available with sev-
eral considerations required related to their advantages
and disadvantages. The relative priority between aims to
prevent complications in individuals and to reduce
transmission in the population may influence to whom,
how often, and where screening if offered. Frequent and
targeted screening of a specific proportion of the popula-
tion may enable overall reduction of transmission in the
larger population [50].Screening to reduce clinical com-
plications in individuals may focus on opportunistic
screening at visits to clinician offices or other health care
sites including school-based health centers, STI clinics,
pharmacies [51], or emergency departments [52]. Other
detection strategies may focus on hard-to-reach individ-
uals using outreach to non-health community settings
such as gathering sites at colleges, bars, sex venues, or
mobile vans [53-55]. Considerations for targeting
individuals at increased risk of infection, based on sexual
behaviors or group membership, include underreporting,
possible stigmatization, practical considerations (e.g.,
addition of pre-screen to identify those at risk), and
awareness that many cases may be missed. Conversely,
screening the general/entire population that will on
average have a lower prevalence of infection will increase
rates of false positives and may lead to some unintended
harm. The availability of non-invasive diagnostic tests
(urine, self-swabs) may reduce the likelihood of people
experiencing discomfort or embarrassment during the
procedure and make screening easier to implement.
However, the lower sensitivity for urine tests in females
needs consideration [56]. Although at much lower
prevalence than CT, consideration of whether to also
screen for NG arises because of the availability of labora-
tory tests that can evaluate both organisms from a single
sample and test and because current combined first-line
treatment for NG (regardless of CT presence) can in
most uncomplicated cases also treat CT [57].

Since 2010, national guidance from the Public Health
Agency of Canada has recommended screening for CT
in at-risk groups of any age and in all sexually active
females and males under 25 years of age and pregnant
women [58]. The 24-year age limit aligns with the statis-
tics used from 2004, in which the highest reported cases
of CT were among those aged 15-24 years. The inclu-
sion of males is due to their being a source for infections
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and reinfections of their female partners, for which the
consequences were considered more clinically signifi-
cant. Screening annually is recommended for those
under 25 years old and for gay, bisexual, and other
MSM and transgender populations; screening and repeat
screening, of unclear frequency, is recommended for
people >25 with risk factors. Guidance also extends to
case finding and partner notification as critical for con-
trolling NG, but a specific definition (e.g., active seeking
of signs and symptoms in at-risk individuals) or methods
for case finding are not described. The current Canadian
guidance was not based on a systematic review. Further,
rates of CT have increased over time for those aged 25—
29, and there are reports from screening trials completed
after 2010 that would not have been considered by the
guideline panel [8, 9, 28, 59, 60].

Preferences for or against a screening strategy are in-
fluenced by the relative importance people place on the
expected or experienced outcomes incurred [61-63].
Evidence on how people weigh the relevant outcomes is
important to inform guideline panels when considering
the balance of benefits and harms and determining
whether this balance might vary across different individ-
uals [64].

Purpose of review

To examine evidence on the effectiveness (impact of
screening on critical/important benefits and harms) and
comparative effectiveness of screening for CT and NG
infections and on the relative importance people place
on the relevant outcomes (patient preferences) from
screening, to inform the Canadian Task Force on Pre-
ventive Health Care when making recommendations on
screening to support primary health care providers in
delivering preventive care. Existing reviews on screening
effectiveness (e.g., [19, 65]) were considered out-of-date
with knowledge of at least one new trial [8] and had
different eligibility criteria than the Task Force’s. We are
not aware of any existing reviews covering the full scope
of the question on patient preferences. Several factors
provided rationale for this review and its associated rec-
ommendations, as described in the additional files of the
protocol [66].

Methods

The review was undertaken following a peer-reviewed
protocol [66] and is reported following current standards
for systematic reviews [67]. The methods are outlined
briefly here, focusing on the eligibility criteria and any
deviations or new methods developed after the protocol.
Methods for the review on the relative importance
placed on the outcomes from screening (values and pref-
erences) align with those used by members of Grading
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of Recommendations Assessment, Development and
Evaluation (GRADE) [62].

A working group of the Task Force, with input
from four topic experts, developed the key questions
(KQs) and inclusion/exclusion criteria for the review
(Additional file 1). The Task Force and topic experts
rated the outcomes according to methods of GRADE
[64]. Outcomes with final ratings as critical (7-9 on
9-point scale) by Task Force consensus were the fol-
lowing potential benefits (with reductions in): trans-
mission of CT and NG via reduced incidence or
prevalence of the infections over time, cervicitis, PID,
chronic pelvic pain in females, ectopic pregnancy, and
infertility in females and males. Two harm-related
outcomes were rated as important (4—6 on scale): ser-
ious adverse drug reactions and negative psychosocial
impact of screening or diagnosis. The ratings of out-
comes were not changed after findings from an out-
come rating exercise and focus groups with a sample
of sexually active individuals in Canada conducted by
an independent group with expertise in knowledge
translation from St. Michael’s Hospital in Toronto,
Ontario. Stakeholder organizations reviewed the KQs
and inclusion/exclusion criteria (n=14) and a draft ver-
sion of this report (n=15). All comments were taken into
consideration, and no substantive changes were made to
the conclusions.

Key questions
The key questions (KQs) of interest were as follows:

KQ1: What is the effectiveness of screening
compared with no screening for chlamydia and/or
gonorrhea in non-pregnant sexually active
individuals?

KQ2: What is the comparative effectiveness of different
screening approaches for chlamydia and/or gonorrhea
in non-pregnant sexually active individuals?

KQ3: What is the relative importance that people place
on the potential outcomes from screening for
chlamydia and/or gonorrhea?

Eligibility criteria

Key questions 1 and 2

The population of interest for KQs 1 and 2 was non-
pregnant sexually active individuals of any age, who were
not seeking care for symptoms. We excluded studies fo-
cusing on pregnant persons, but not those that may have
included individuals who were pregnant. Studies that in-
cluded more than 25% of individuals seeking care for
symptoms at baseline were excluded. We also excluded
studies enrolling individuals already known to have
recent CT and/or NG infections, except when capturing
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the outcomes of interest related to psychosocial harms
of a diagnosis from undergoing screening.

Interventions of interest included any screening
approach that included testing and management for in-
dividuals who tested positive. We excluded studies using
point-of-care tests because these tests are not approved
for use in Canada. We included studies on screening for
CT and/or NG along with any other STI(s) because the
outcomes of interest are attributed to CT and NG. The
comparisons of interest were no screening (KQ1) or a
screening approach differing from the intervention
(KQ2) by the main variables of interest (Additional file 1
Table 1).

The outcomes of interest were those rated as critical
or important for decision making by the Task Force, as
described above. Infection transmission and infertility re-
quired at least 3 and 12 month’s follow-up, respectively.
Chronic pelvic pain was defined as being of at least 6
month’s duration. Treatment rates in the study popula-
tions were considered as a proxy for transmission.

Randomized (RCTs) and non-randomized controlled
clinical trials (CCTs), as well as retrospective and pro-
spective controlled cohort studies, were included for all
outcomes. As defined in the protocol, the decision to
accept uncontrolled studies for the outcome of negative
psychosocial impact was based on the lack of evidence
from controlled studies. We did not have a minimum
threshold for a study’s risk of bias but considered the
risk of bias when interpreting the findings. We included
studies published in English or French, on or after 1996
aligning with the introduction of most relevant NAAT
tests, and conducted in high or very high Human Develop-
ment Index countries [68] to achieve a similar epidemio-
logic and healthcare context as Canada.

Key question 3

For assessing the relative importance of the outcomes,
all participants could have had symptoms or a recent
diagnosis of CT and/or NG. Participants may not have
experienced screening or testing for CT or NG but could
have experienced or been presented with information
about the relevant clinical outcomes. Post hoc, we in-
cluded studies where the participants (e.g., caregivers,
clinical experts) were serving as a proxy for the eligible
population. The exposures of interest were (i) experience
with any screening program for CT and/or NG, (ii)
experience with an infection or one of the critical out-
come(s) of interest, or (iii) exposure to scenarios about
the possible outcomes of screening. A comparator of no
screening was not relevant because the focus was on the
relative importance of the different possible outcomes.
Unlike when assessing harms from screening or a diag-
nosis in KQ1, in KQ3 studies with data on harms, partic-
ipants did not have to have experience with screening,
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there did not have to be data for comparison from be-
fore the intervention/diagnosis or with people without
these experiences, and there needed to be a comparison
with benefits. We also used qualitative findings for this
question but not for KQ1. Outcomes/data of interest
included (i) health-state utility values or other utility
values, (ii) non-utility, quantitative information on rela-
tive importance of benefits versus harms, and (iii) quali-
tative information indicating the relative importance
between benefits and harms. Any experimental, descrip-
tive, or qualitative study design met inclusion criteria,
including surveys, qualitative studies, stated and revealed
preference studies, and studies measuring health-state
utility weights (Additional file 1 Table 2). Criteria related
to language, publication date, and country were the same
as for KQs 1 and 2.

Searching the literature and selecting studies

Our research librarian conducted comprehensive, peer-
reviewed, searches in relevant bibliographic databases on
June 5, 2018, with an update on January 24, 2020: Ovid
Medline, Ovid Embase, Wiley Cochrane Library, CINA
HL via EBSCOhost, and Ovid PsycINFO (searches in
Additional File 7 in protocol [66]). The search was
comprehensive for all KQs, with the exception of studies
for KQ3 measuring health-state utility values for which
we updated the search of an existing systematic review
from 2013 to January 26, 2020 [32]. Additional sources
of literature for all KQs were ClinicalTrials.gov (inception—
2018), meeting abstracts via the Conference Proceedings
Citation Index—Science edition (Clarivate Analytics; 1996—
2018), and reference lists of included studies and relevant
systematic reviews. We also searched for reports of research
using websites of several organizations: Centers for Disease
Control and Prevention, BC Centre for Disease Control,
College of Registered Nurses of British Columbia, Inter-
national Union Against Sexually Transmitted Infections,
Pan American Health Organization, Public Health Agency
of Canada, and the World Health Organization. Independ-
ent review by two reviewers with consensus or third
reviewer involvement was used for screening and final
selection of studies.

Data extraction and analysis

One reviewer extracted data and another verified all data
for accuracy and completeness. Study and population
characteristics were extracted based on a priori variables
(Additional file 1) and were tabulated. As described in
Additional file 1, the definitions for some outcomes were
refined after study selection but before analysis. In par-
ticular, for psychosocial harms, we received clinical input
to determine which of many reported outcomes aligned
with the outcome categories of interest. Further, for
KQ3 when using utility values because of large variation
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in the duration of the different health states (e.g., PID
typically has a much shorter duration than chronic pel-
vic pain), we multiplied the utility values by an estimated
duration of effect using the range of durations applied in
various cost-utility analyses [32]. This generated an
estimated range of the quality-adjusted life year losses
(QALY loss) for each state. Using these QALY loss esti-
mates, we then determined a rank order of importance
of the relevant outcomes and reported this in addition
to the main outcome of the utility value for each health
state. Assumptions relevant to this approach are de-
scribed in Additional file 2.

We intended to assess risk status by participant re-
ports of sexual behaviors and/or other factors increasing
risk, but due to lack of reporting or use of risk factors
for inclusion, we needed to rely on CT or NG baseline
prevalence in the studies to categorize studies as enrol-
ling populations, versus individuals, at general or high
risk. Based on the baseline prevalence in the trials of
general populations (4—6%), consideration that Canadian
statistics (of about 1-2.5% CT) represent underreporting
possibly by 70%, and after input from the Task Force
and content experts, greater than 7% CT prevalence at
baseline was used as the threshold for an increased risk
study population.

When meta-analysis was possible and appropriate, due
to similarity in populations, outcomes, and interventions,
we used the DerSimonian Laird random effects model
using Review Manager Version 5.3 (The Cochrane
Collaboration, Copenhagen, Denmark). When results
were not combined using meta-analysis due lack of com-
mon measurement (e.g., harms data), we used narrative
descriptions of each study for our analysis and interpret-
ation. We then compared and contrasted study findings
by study methodology, populations, outcome presenta-
tions provided to participants (for KQ3), and analysis.
With qualitative studies in KQ3 on the relative import-
ance between harms and benefits when making decisions
about screening, there was often numerical data from
content analysis to use for the analysis, and in other
cases, we used data on the frequency of comments/
quotes related to our critical outcomes and interpreted
the strength of the preference based on the language in
quotes and narratives from the authors.

For studies using cluster design but not appropriately
accounting for this in their analysis, we adjusted the
findings using an interclass correlation coefficient of
0.028 [69]. For dichotomous outcomes, we report rela-
tive risks (RR) or odds ratios (OR) between groups with
corresponding 95% confidence intervals (95% CI). When
ORs were used for the analysis, we calculated RR using
the control event rate. We also calculated the absolute
risk reduction and risk differences, based on GRADE
guidance [70]. In addition to using the study control
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event rates (medians when multiple studies were in the
analysis) for calculating absolute effects, we also made
calculations to estimate—relying on natural history
parameters (see Additional file 2)—assumed/illustrative
effects for both general and high-risk (i.e., prevalence)
populations for the PID outcome.

We had several population and intervention variables
of interest for performing potential subgroup/stratified
analysis for the outcomes where meta-analysis was per-
formed and indicated heterogeneity (Additional file 1),
but because of including few studies in all meta-
analyses, no subgroup analyses were conducted. Several
sensitivity analyses were conducted, based on risk of
bias, study design, or our need to make assumptions
during data analysis. If there had been at least eight
studies of varying size in a meta-analysis, we would have
analyzed for publication bias both visually using the fun-
nel plot and quantitatively using Egger’s test [71].

Risk of bias assessments

We used several methods and tools for assessing risk of
bias, for RCTs and CCTs [72, 73], cohorts [74], surveys/
cross sectional studies [75], and qualitative studies [76].
We relied on recent guidance from GRADE for assessing
risk of bias of studies in KQ3 measuring utilities and
adapted the Newcastle-Ottawa tool for cohort studies
[74], as described in Additional file 2. Risk of bias ratings
for all studies contributing to each analysis were used
during our assessments of the certainty of evidence.

Assessing the certainty of the evidence on outcomes
across the studies

For KQs 1 and 2 on effectiveness, we did separate
GRADE assessments for trials (starting at high certainty)
and observational (starting at low certainty) study de-
signs and relied on guidance from GRADE [64, 77-79].
For the KQ3 on patient preferences, we relied on
GRADE guidance published after the protocol publica-
tion [61, 63]. We did not rely on RCTs for obtaining
high certainty evidence for this KQ because causation
from the intervention is not relevant to valuation of
outcomes.

Our GRADE assessments were based on absolute
rather than relative effects and considered thresholds for
minimally important effects that were developed (see
Additional file 2) for several outcomes: PID, 2.5 fewer or
more cases per 1000 (e.g., reflecting a 25-32% relative
reduction in estimated 0.8—1% CT-related PID); ectopic
pregnancy and infertility, 1 fewer or more per 1000; CT
and NG transmission, 5 fewer or more per 1000 (10
fewer or more per 1000 was determined to be a moder-
ate effect) when using prevalence data, and 20 more or
fewer per 1000 when using treatment rates as a proxy
for transmission. We did not base our assessments of
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