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derived a CPR to predict asymptomatic chlamydia and/or gonorrhea
(CT/NG) infection among women and heterosexual men at in-person STI
clinics based on 5 predictors. Population differences between clinic-based
and Internet-based testers may limit the tool's application across settings.
The primary objective of this study was to assess the validity, sensitivity,
and overall performance of this CPR within an Internet-based testing envi-
ronment (GetCheckedOnline.com).
Methods: We analyzed GetCheckedOnline online risk assessment and
laboratory data from October 2015 to June 2019. We compared the STI
clinic population used for CPR derivation (data previously published) and
the GetCheckedOnline validation population using χ2 tests. Calibration
and discrimination were assessed using the Hosmer-Lemeshow goodness-
of-fit test and the area under the receiver operating curve, respectively. Sen-
sitivity and the fraction of total screening tests offered were quantified for
CPR-predicted risk scores.
Results:AsymptomaticCT/NG infection prevalence in theGetCheckedOnline
population (n = 5478) was higher than in the STI clinic population (n =
10,437; 2.4% vs. 1.8%, P = 0.007). When applied to GetCheckedOnline,
the CPR had reasonable calibration (Hosmer-Lemeshow, P = 0.90) and dis-
crimination (area under the receiver operating characteristic, 0.64). By
screening only individuals with total risk scores ≥4, we would detect
97% of infections and reduce screening by 14%.
Conclusions: The application of an existing CPR to detect asymptomatic
CT/NG infection is valid within an Internet-based STI testing environment.
Clinical prediction rules applied online can reduce unnecessary STI testing
and optimize resource allocation within publicly funded health systems.

T esting is an essential response to the rising rates of sexually
transmitted infections (STIs) globally, facilitating diagnosis,

treatment, and prevention of further complications.1,2 With declin-
ing investments in publicly funded sexual health systems, there is a
need to optimize the allocation of resources and spending related
to STI testing.3 To reduce testing volumes in universal screening
programs, strategies to restrict screening to individuals at a higher in-
fection risk may be considered, including the use of population-based
screening guidelines or selective screening methods such as clinical
prediction rules (CPRs).4–6 Clinical prediction rules estimate an
individual's probability of having an infection based on a predetermined
set of variables.7 Moreover, in low-prevalence settings, selective
screening is more cost-effective than universal screening.8

With this in mind, we previously developed a CPR to detect
asymptomatic chlamydia and/or gonorrhea (CT/NG) infections
among predominantly heterosexual clients (women and men) at-
tending in-person STI clinic services, in British Columbia (BC),
Canada.9 The CPR included 5 predictor variables including age,
race/ethnicity, number of recent sex partners (past 6 months), pre-
vious chlamydia diagnosis (ever), and previous gonorrhea diagno-
sis (ever). Diagnosing asymptomatic infections in this population
can prevent further complications such as pelvic inflammatory dis-
ease in women and epididymitis in men.10 Screening for CT/NG
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TABLE 1. Clinical Prediction Rule for Estimating Risk of Chlamydia
and/or Gonorrhea Infection Among STI Clinic Clients in Vancouver,
British Columbia9

Variable Scoring Points

Age, y
14–19 8
20–24 3
25–29 1
30–39 −2
≥40 0

Race/ethnicity
White 0
Non-White 5

No. sexual partners in previous 6 mo
0 0
1–2 5
≥3 6

Previous chlamydia diagnosis ever
Yes 7
No 0

Previous gonorrhea diagnosis ever
Yes 1
No 0
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was recommended as a composite outcome, as clinically both infec-
tions are typically tested for in the same sample. Recommending
screening only for clients with a minimumCPR-predicted risk score
of 6 maintained a 91% sensitivity in detecting infections (168/184
infections detected) while reducing potentially unnecessary tests
by 32% (3361/10,437 tests not needed).

Internet-based STI testing services have expanded in recent
years.11,12 Notably, the COVID-19 pandemic has led to significant
closures of publicly funded sexual health clinics, leading to the
necessary expansion of Internet-based services in response to re-
stricted access to in-person care.13,14 The application of tools like
CPRs to these settings is an emerging area of interest.15,16 Existing
CPRs that have been developed within in-person clinic settings
may not be directly applicable to Internet-based testing services
because of population differences among those accessing either
setting.17,18 Thus, validation studies applying existing CPRs to
Internet-based testing environments are necessary before their imple-
mentation. GetCheckedOnline, an Internet-based testing service for
STIs and blood-borne infections in BC, Canada, currently uses a uni-
versal approach for CT/NG screening,wherein all individuals are rou-
tinely recommended CT/NG nucleic acid amplification test (NAAT)
urine screening, regardless of reported risk.19 The primary objective
of this studywas to assess the validity, sensitivity, and overall perfor-
mance of our existing clinic-based CPR for recommending CT/NG
screening within the GetCheckedOnline testing environment.

MATERIALS AND METHODS
The TRIPOD checklist for reporting the validation of a

multivariable prediction model for individual prognosis or diagno-
sis was used to inform the description of our methods.20

Data Source
GetCheckedOnline is available in 6 cities across the prov-

ince of BC, Canada, with approximately 1000 STI tests completed
monthly and an overall test positivity rate of 6% (oral communica-
tion with Heather Pedersen, Online Sexual Health Services Man-
ager, BC Centre for Disease Control, December 2019). Use of
GetCheckedOnline is free of charge and confidential, with formal
enrollment in a publicly funded health program not required. The
model for testing is described elsewhere.19 In brief, clients must
first create an account online and provide demographic informa-
tion, including mandatory provision of gender and date of birth
(used to derive age), with optional provision of race/ethnicity.
GetCheckedOnline assesses gender using sex and gender terms in-
terchangeably (e.g., “man/male” and “woman/female”); for clarity,
“men” and “women” are used herein. To initiate a test episode, cli-
ents complete a 14-question risk assessment questionnaire. This
includes mandatory questions about the gender of sex partners,
the presence of STI-related symptoms, and having a sex partner
(s) with a diagnosed STI, in addition to optional questions about
types of sex (past 3 months), number of sex partners (past 3
months), previous chlamydia diagnosis (past year), and previous
gonorrhea diagnosis (past year). Recommendations for any urine,
oropharyngeal, and rectal NAAT for chlamydia and gonorrhea, as
well as serology for syphilis, HIV, and hepatitis C, are tailored
based on risk assessment questionnaire responses. All women
and heterosexual men, categorized at a test episode level by sexual
behavior, are automatically recommended chlamydia and gonorrhea
urine NAAT, with additional rectal swabs recommended for clients
who report being a receptive anal sex partner. GetCheckedOnline
clients download their laboratory requisition forms to bring directly
to participating laboratory locations for specimen collection. All
STI testing is conducted centrally by the provincial Public Health
Laboratory, and results are recorded in each client's electronic
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medical record; results are provided online (if negative) or by tele-
phone (if positive or indeterminate). Compared with clients of
in-person sexual health services, GetCheckedOnline clients are
more likely to be older, identify as a sexual minority, and have
had previous experience accessing STI testing services.18

CPR for CT/NG Screening
The existing clinic-based CPR used in this study predicts

CT/NG infection among asymptomatic women and heterosexual
men (excluding transgender individuals because of low sample
sizes).9 Clinician-recorded predictor variables were extracted from
electronic medical records of STI clinic attendees in Vancouver,
BC, Canada, from 2000 to 2006. Multivariable logistic regression
modeling was used to quantify relationships between predictors
and CT/NG infection. The CPR assigns numeric scores to each
test episode, with total risk scores ranging from −2 (negligible
risk) to 27 (very high risk; Table 1). CT/NG screening was recom-
mended by authors for clinic attendees with a minimum total risk
score of 6, as this detected CT/NG infection with 91% sensitivity
while reducing the fraction screened by 32%, close to the recom-
mended performance benchmarks of 90% sensitivity and 40% re-
duction in fraction screened.21 The area under the receiver
operating characteristic curve (AUC) was 0.74 (95% confidence
interval [CI], 0.70–0.77).9

Study Population, Data Collection, and Preparation
We extracted clinical data from the GetCheckedOnline pro-

gram database and laboratory data from electronic medical records
between October 2015 and June 2019. Client demographics, risk
assessment questionnaire responses, and testing results were
linked at a test episode level using a unique identifier. We included
all CT/NG test episodes (urine and/or swabs) completed within the
study period among clients whowere at least 14 years old. We ex-
cluded test episodes completed by nonheterosexual men or men
who did not report the gender of their sexual partners, and by cli-
ents who identified as transgender. Test episodes where clients re-
ported experiencing STI-related symptoms or contact with a
partner with a diagnosed STI were excluded because testing would
be clinically indicated, obviating the need to apply a CPR.
ually Transmitted Diseases • Volume 48, Number 7, July 2021



Online Chlamydia and Gonorrhea Screening
Our primary outcome of interest was CT/NG infection di-
agnosed within a GetCheckedOnline test episode. Risk of infec-
tion was predicted by the clinic-based CPR. Responses for the 5
CPR predictor variables, captured in client demographics and risk
assessment questionnaires, were categorized to match those in the
CPR. Variables were considered to have missing data if no response
was provided or if clients selected “Prefer not to answer,” “Do not
know,” or “Not applicable.”A complete case analysis was conducted,
excluding any testing episodes with missing data for any of the 5
CPR predictor variables, with the justification that, in implementa-
tion, any testing episode with missing datawould be recommended
automatically for CT/NG testing within GetCheckedOnline.
Statistical Analysis
We conducted bivariate analyses to compare CT/NG infec-

tion prevalence and the distribution of CPR predictor variables be-
tween the STI clinic derivation population (data previously
published) and the GetCheckedOnline validation population using
χ2 tests, significant at α < 0.01. We described CT/NG infection
prevalence for each predictor variable and calculated univariate
odds ratios (ORs; with 95% CI) to assess the direction and magni-
tude of association between predictor variables and CT/NG infec-
tion. Predicted probabilities of CT/NG infection were calculated
per test episode by assigning a score for each predictor variable ac-
cording to the CPR and calculating a total risk score (see CPR
Figure 1. Study sample selection.
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scoring in Table 1). We assessed calibration by conducting the
Hosmer-Lemeshow goodness-of-fit test using the score as its
discretization, with P < 0.05 indicating poor model fit, and by de-
scribing CT/NG prevalence within total risk score categories. The
model's ability to discriminate between CT/NG-positive and CT/
NG-negative episodes was assessed by calculating the AUC, with
95% CI estimated using bootstrap samples on 1000 resamples of
the data. Sensitivity, specificity, the fraction of clients screened,
and the positive predictive value were quantified. Cutoff scores
meeting the same performance benchmarks as used in the CPR
derivation (≥90% sensitivity) were determined.

We conducted sensitivity analyses to explore the impact of
excluding missing data from the 5 CPR predictor variables. Miss-
ing data were first described per CPR predictor variable and then
assessed for associations with CT/NG infection. We then imputed
missing data using Multiple Imputation with Chained Equations
using the mice package in R.22 Furthermore, CPRs may be modi-
fied or updated with the addition or removal of predictor variables
to improve performance in novel settings.23 We updated the CPR
by removing any predictor variables having different associations
with the outcome within the GetCheckedOnline and STI clinic
populations, keeping all other variables constant, and assessed
the updated CPR's sensitivity, fraction screened, and AUC within
the complete case data set. Absolute total risk scores per testing
episode would change; however, relative scores were used to cal-
culate the AUC. Analyses were performed using R version 3.5.2
483
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(2018-12-20).24 Ethics approval was granted by the University of British
Columbia's Research Ethics Board (certificate no. H18-00437).
RESULTS
From October 2015 to June 2019, 14,967 CT/NG test epi-

sodes were completed using GetCheckedOnline. We excluded 4815
test episodes among behaviorally nonheterosexual men and
transgender-identified individuals and further excluded 2603 test ep-
isodeswhere individuals reported symptoms or a partner with an STI.
Of the resulting 7549 episodes among asymptomatic women and
heterosexual men, 2071 episodes (27.4%) were excluded from the
analysis because of missingness for any CPR predictor variable. A
total of n = 5478 CT/NG testing episodes remained for our com-
plete case analysis, representing 36.6% of all completed CT/NG
testing episodes during the study period (Fig. 1).

The overall prevalence of CT/NG infection was slightly
higher in the GetCheckedOnline validation population (n =
5478; 2.4% prevalence) than in the STI clinic derivation popula-
tion (n = 10,437; 1.8% prevalence), and this was significant (P =
0.007). The GetCheckedOnline testers included greater propor-
tions of women, those aged 30 to 39 years, those who reported
more than 3 recent sexual partners, and thosewithout previous his-
tories of either CT or NG diagnosis, but had a similar distribution
by race/ethnicity (Table 2). CT/NG infection prevalence within
levels of each CPR predictor variable also differed between popula-
tions (Table 3). The direction of association betweenmost predictors
and CT/NG infection was the same in the GetCheckedOnline and
STI clinic populations; however, the magnitude of these relation-
ships differed. Notably, in the GetCheckedOnline population, there
TABLE 2. Population Comparisons Between Sexually Transmitted Infecti

Variable
STI Clinic, 2000–2006

Derivation Population, n (%)

Chlamydia or gonorrhea case
Yes 184 (1.8)
No 10,253 (98.2)

Gender*
Women 3496 (33.5)
Men 6941 (66.5)

Age, y
14–19 257 (2.5)
20–24 1962 (18.8)
25–29 2651 (25.4)
30–39 3181 (30.5)
≥40 2386 (22.9)

Race/ethnicity
White 7732 (74.1)
Non-White 2705 (25.9)

No. recent sexual partners†

0 644 (6.2)
1–2 6857 (65.7)
≥3 2936 (28.1)

Previous chlamydia diagnosis‡

Yes 1518 (14.5)
No 8919 (85.5)

Previous gonorrhea diagnosis‡

Yes 619 (5.9)
No 9819 (94.1)
Total 10,437 (100)

Significant difference between populations is set in bold (P < 0.01).
*In derivation population, gender categorized as “female” and “male.”
†STI clinic: past 6 months; GetCheckedOnline: past 3 months.
‡STI clinic: ever; GetCheckedOnline: past year.
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was no association between race/ethnicity and CT/NG infection
(OR, 1.14; 95% CI, 0.76–1.67).

Total CPR-predicted risk scores for the GetCheckedOnline
population ranged from −2 to 25. The CPR model fit the
GetCheckedOnline data well (Hosmer-Lemeshow statistic =
3.43, P > 0.90), and similar to trends within the STI clinic popula-
tion, CT/NG prevalence within the GetCheckedOnline population
increased with increasing total risk score categories (Supplemen-
tary Fig. 1, http://links.lww.com/OLQ/A591). The CPR had a rea-
sonable discriminative ability between those with and without CT/
NG infection (AUC, 0.64; 95% CI, 0.60–0.69; Supplementary
Fig. 2, http://links.lww.com/OLQ/A591). Applying the minimum
cutoff score of 6 (recommended in the derivation study) to the
GetCheckedOnline population resulted in a sensitivity of 82%
while screening 66% of the population (Table 4). However, be-
cause a sensitivity of at least 90% is recommended, the screening
threshold would need to be lowered to a minimum total risk score
of 4 or greater, which would yield a sensitivity of 97% and a
greater proportion of clients screened (86%). The prevalence of
CT/NG infection among those eligible for screening at a risk score
cutoff of 4 was 2.7% compared with 0.5% among those not rec-
ommended for screening.

Proportions of missing data in GetCheckedOnline varied
by predictor variable, with ethnicity having the highest proportion
of missing data (23.0%), followed by number of sexual partners in
the past 3 months (3.9%), past-year chlamydia diagnosis (3.5%),
and past-year gonorrhea diagnosis (3.5%). Prevalence of CT/NG
infection among observations with missing data for any predictor
variable was 2.2%. Missing data for any predictor variable were
not associated with positivity (OR, 0.90; 95%CI, 0.63–1.25). In ap-
plying the CPR to a multiply imputed data set (n = 7549), the CPR
on (STI) clinic9 and GetCheckedOnline Clients

GetCheckedOnline, 2015–2019
Validation Population, n (%) χ2, P Value

0.007
132 (2.4)
5346 (97.6)

<0.001
2655 (48.5)
2823 (51.5)

<0.001
168 (3.1)
1071 (19.5)
1304 (23.8)
1780 (32.5)
1155 (21.1)

0.013
4158 (75.9)
1320 (24.1)

<0.001
222 (4.1)
2926 (53.4)
2330 (42.5)

<0.001
388 (7.1)
5090 (92.9)

<0.001
38 (0.7)

5440 (99.3)
5478 (100)

ually Transmitted Diseases • Volume 48, Number 7, July 2021
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Online Chlamydia and Gonorrhea Screening
had a similar ability to discriminate between CT/NG-positive and
CT/NG-negative GetCheckedOnline testers as in the complete case
analysis (AUC, 0.65; 95% CI, 0.60–0.69). At a cutoff risk score of
4, 93% of infectionswould be detected by screening only 81% of all
clients (Supplementary Table 1, http://links.lww.com/OLQ/A591).

Given that therewas no association between race/ethnicity and
CT/NG infection in the GetCheckedOnline population (Table 3), an
updated CPR excluding race/ethnicity as a predictor variablewas also
applied to the complete case data set. Comparedwith the performance
of the original CPR, this modified CPR had a similar overall discrim-
ination (AUC, 0.66; 95% CI, 0.62–0.71) and a similar sensitivity
(94%) and fraction screened (83%) at a minimum cutoff score of 4
(Supplementary Table 1, http://links.lww.com/OLQ/A591).
DISCUSSION
The application of an existing CPR to detect asymptomatic

CT/NG infection is valid within an Internet-based STI testing en-
vironment. The distribution of predictor variables, overall CT/NG
infection prevalence, and unadjusted associations between predictor
variables andCT/NG infectiondiffered between theGetCheckedOnline
and STI clinic populations. The CPR had a lower discriminative ability
when applied to the GetCheckedOnline validation population
(AUC, 0.64) compared with the STI clinic derivation population
(AUC, 0.74). To maintain a minimum sensitivity of≥90%, testing
would be reduced by 14%. Sensitivity analyses demonstrated little
difference in the CPR's performance by proportions of missingness
in data collected online.

Population differences in in-person, clinic-based, and
Internet-based testers are important considerations comparing this
CPR's performance across settings and time. In considering STI
services specifically, population dynamics (e.g., shifts in incidencewithin
TABLE 3. Prevalence and Unadjusted Odds Ratios (ORs) of Chlamydia/
Populations

STI Clinic, 20
n = 10,4

Variable % CT/NG Positive

Gender*
Women 2.1
Men 1.6

Age, y
14–19 7.4
20–24 2.8
25–29 1.8
30–39 1.1
≥40 1.2

Race/ethnicity
White 1.2
Non-White 3.4

No. sexual partners in past 6 (clinic)
or 3 (GetCheckedOnline) mo
0 0.5
1–2 1.8
≥3 2.0

Previous chlamydia diagnosis (clinic: ever;
GetCheckedOnline: past year)
Yes 5.1
No 1.2

Previous gonorrhea diagnosis (clinic: ever;
GetCheckedOnline: past year)
Yes 2.1
No 1.7

*In derivation population, gender categorized as “female” and “male.”
Bold signifies that the 95% confidence interval excludes 1.
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specific sexual networks or population subgroups) may influence
risk over time beyond individual-level factors used in a prediction
tool created at one time point. Temporal differences in transmis-
sion and prevalence between the period of CPR derivation
(2000–2006) and validation (2015–2019) may explain perfor-
mance differences; similar to our findings, a lower discrimination
(AUC, 0.64) was observed when the CPR was validated in a
clinic-based population at a later period.9 Also similar to our find-
ings, external validation of this CPR to STI clinic settings beyond
Vancouver (the site of the CPR's derivation) demonstrated lower
discriminative power (AUC, 0.69) within a higher CT/NG preva-
lence (5.3%) sample.25 Regional differences in underlying CT/
NG prevalence, as can be observed within GetCheckedOnline's
provincial scope, may have impacted the CPR's performance.26

Although we observed differences in the distribution of gender be-
tween the STI clinic and GetCheckedOnline populations, discrimina-
tion on GetCheckedOnline was similar between women (AUC, 0.63;
95% CI, 0.54–0.69) and men (AUC, 0.64; 95% CI, 0.57–0.71; data
not shown). The lower AUCmay be explained by the nonassociation
between non-White race/ethnicity and CT/NG infection, and CPR
performance was similar when race/ethnicity was removed as a
predictor variable. Given that GetCheckedOnline addresses physical,
psychosocial, and sociocultural barriers in accessing in-person STI test-
ing services,18,27 our findings support the notion that the population of
Internet-based testers may be distinct from those testing in-person.

To our knowledge, this is the first study validating the use
of a clinic-based tool online, with several important strengths
and limitations. Our validation study uses a large sample size of
Internet-based testers to identify population differences compared
with clinic-based testers. Similar methods could be used to de-
velop or validate existing tools specific to other priority popula-
tions, such as men who have sex with men, and for other STIs,
Gonorrhea (CT/NG) Infection in STI clinic9 and GetCheckedOnline

00–2006,
37

GetCheckedOnline,
2015–2019, n = 5478

OR (95% CI) % CT/NG Positive OR (95% CI)

1.31 (0.97–1.77) 2.8 1.41 (1.00–2.01)
Reference 2.0 Reference

6.49 (3.58–11.75) 4.2 2.91 (1.11–6.86)
2.30 (1.46–3.63) 4.7 3.28 (1.92–5.88)
1.50 (0.94–2.38) 1.9 1.31 (0.71–2.48)
0.88 (0.53–1.45) 1.9 1.26 (0.71–2.33)

Reference 1.5 Reference

Reference 2.3 Reference
2.90 (2.16–3.89) 2.7 1.14 (0.76–1.67)

Reference 0.9 Reference
3.43 (1.10–10.73) 1.7 1.91 (0.59–11.74)
3.92 (1.23–12.45) 3.4 3.91 (1.22–23.87)

4.40 (3.27–5.93) 5.2 2.42 (1.44–3.85)
Reference 2.2 Reference

1.21 (0.69–2.14) 5.3 2.27 (0.37–7.53)
Reference 2.4 Reference
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TABLE 4. Sensitivity and Specificity of Cutoff Scores in STI Clinic9 and GetCheckedOnline Populations

Score Cutoff

STI Clinic
Derivation Population, %

GetCheckedOnline
Validation Population, %

Sensitivity Specificity Screened PPV* Sensitivity Specificity Screened PPV

≥−2 100.0 0.0 100.0 1.8 100.0 0.0 100.0 2.4
≥−1 100.0 1.2 98.8 1.8 100.0 0.9 99.1 2.4
≥0 100.0 1.3 98.7 1.8 100.0 0.9 99.1 2.4
≥1 100.0 2.6 97.4 1.8 100.0 2.3 97.8 2.5
≥2 99.5 3.7 96.4 1.8 100.0 2.3 97.8 2.5
≥3 99.5 3.7 96.4 1.8 100.0 2.3 97.8 2.5
≥4 96.7 16.7 83.5 2.0 97.0 14.6 85.7 2.7
≥5 95.8 22.2 78.1 2.2 87.1 24.9 75.4 2.8
≥6 91.2 32.7 67.8 2.4 81.8 34.2 66.2 3.0
≥7 84.9 47.7 52.8 2.8 72.0 50.6 50.0 3.5
≥8 82.2 53.0 47.7 3.0 64.4 56.5 44.0 3.5
≥9 72.2 65.2 35.4 3.6 53.0 69.0 31.5 4.1
≥10 67.3 70.6 30.1 3.9 33.3 77.4 22.9 3.5
≥11 62.5 74.8 25.8 4.3 31.1 79.8 20.5 3.7
≥12 52.6 81.4 19.2 4.8 27.3 85.3 15.0 4.4
≥13 47.7 84.5 16.1 5.2 26.5 88.2 12.1 5.3
≥14 35.1 91.1 9.3 6.6 17.4 92.8 7.4 5.7
≥15 32.4 94.2 6.3 9.1 8.3 96.0 4.1 4.9
≥16 25.9 95.9 4.5 10.1 7.6 97.1 3.0 6.0
≥17 21.2 96.9 3.4 10.9 3.0 98.5 1.6 4.7
≥18 19.9 97.2 3.1 11.4 3.0 98.6 1.5 5.0
≥19 14.3 98.5 1.8 14.4 2.3 99.3 0.8 7.0
≥20 11.6 99.0 1.2 16.9 1.5 99.4 0.6 5.7
≥21 7.3 99.5 0.6 20.9 1.5 99.7 0.3 11.1
≥22 2.8 99.9 0.2 28.0 0.0 99.9 0.1 0.0
≥23 2.8 99.9 0.1 33.8 0.0 99.9 0.1 0.0
≥24 2.8 99.9 0.1 33.8 0.0 99.9 0.1 0.0
≥25 2.8 99.9 0.1 33.8 0.0 99.9 0.1 0.0
≥26 0.7 100.0 0.0 30.0 N/A N/A N/A N/A
≥27 N/A N/A N/A N/A N/A N/A N/A N/A

PPV indicates positive predictive value.
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such as syphilis. One limitation of our analyses may be outcome
ascertainment bias and underestimating undiagnosed infections,
particularly among women, as GetCheckedOnline did not offer
oropharyngeal CT/NG swab testing for women during the study
period. The complete case analysis may have introduced selection
bias into our analytic sample, particularly when data are not miss-
ing completely at random.28 However, predictor missingness be-
ing unassociated with CT/NG positivity and multiple imputation
analyses demonstrated that missing responses may have been
missing at random. Requiring mandatory responses to avoid
missingness in GetCheckedOnline data may be unnecessary and
may infringe upon service users' personal autonomy and right to
skip or refuse answering questions. That being said, misclassifica-
tion of sexual orientation by behavior was possible if men did not
report the gender of their sexual partners, in which case they were
excluded from this analysis and the number of behaviorally hetero-
sexual men using GetCheckedOnline may be underestimated. We
also recognize the limitation of using a combined CT/NG out-
come, and this may limit generalizability; in future research, we
will be assessing the utility of separate CPRs for these infections.

Clinical prediction rules can be used as tools in
Internet-based STI testing platforms for streamlining resource al-
location through restricting testing to those at highest risk, reduc-
ing both client- and systems-level testing-related burdens. These
tools could also be used as self-assessment educational tools to
raise awareness of STI infection risk, or to direct clients to different
types of STI supports, such as broader psychosocial and preventa-
tive interventions, based on predicted infection risk. Deriving a
novel CPR using data from clients of Internet-based testing services
486 Sex
may address performance differences and improve yields in reduc-
ing testing volumes, as variables not included in this CPR (e.g.,
condomless sex) may be relevant in predicting infections online.15

However, missing data characteristic of online environments may
limit the yield of applying CPRs because of the need for complete
data at the time tests are recommended.

Further research is needed before determining whether or
how to fully integrate CPRs into Internet-based testing services.
For example, evaluating the clinical impact (such as earlier diagno-
sis) and cost-effectiveness of using this CPR in an online setting,
compared with not applying the CPR, would help inform the use
of these tools.23 From the service user perspective, it will be im-
portant to study the acceptability of using CPRs to guide STI test
recommendations, particularly for clients of Internet-based testing
services, who may or may not be recommended testing that matches
their own estimate of sexual risk or situation. This is especially pertinent
given the absence of a direct clinical consultation in Internet-based
testing and could lead to some clients answering assessment ques-
tions in ways that allow them to access tests they would otherwise
be denied. Finally, we recognize the need for further research
among individuals holding socially marginalized identities who
may be impacted by these tools, including co-developing effective
and appropriate messaging as to why testing may or may not be rec-
ommended. Before implementation, meaningful consideration is also
necessary regarding racialized and transgender communities who are
or are not represented in these data and broader health services.29,30

As Internet-based STI testing services become more inte-
grated in publicly funded healthcare systems, it is critical to con-
sider the translation of existing selective screening tools to these
ually Transmitted Diseases • Volume 48, Number 7, July 2021
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contexts. Our findings provide strong evidence of the validity of
using a clinic-based CPR in optimizing Internet-based testing
services such as GetCheckedOnline. However, further work is
needed both in considering the practicalities of implementing
tools like CPRs and in mitigating unintended consequences of
their use within these services.
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