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Background. Pharyngeal and rectal Neisseria gonorrhoeae and Chlamydia trachomatis play important roles in infection and 
antibacterial resistance transmission, but no US Food and Drug Administration (FDA)–cleared assays for detection at these sites 
existed prior to this study. The objective was to estimate performance of assays to detect those infections in pharyngeal and rectal 
specimens to support regulatory submission.

Methods. We performed a cross-sectional, single-visit study of adults seeking sexually transmitted infection testing at 9 clinics in 
7 states. We collected pharyngeal and rectal swabs from participants. The primary outcome was positive and negative percent agree-
ment for detection of N. gonorrhoeae and C. trachomatis for 3 investigational assays compared to a composite reference. Secondary 
outcomes included positivity as well as positive and negative predictive values and likelihood ratios. Subgroup analyses included 
outcomes by symptom status and sex.

Results. A total of 2598 participants (79% male) underwent testing. We observed N. gonorrhoeae positivity of 8.1% in the pharynx 
and 7.9% in the rectum and C. trachomatis positivity of 2.0% in the pharynx and 8.7% in the rectum. Positive percent agreement ranged 
from 84.8% to 96.5% for different anatomic site infection combinations, whereas negative percent agreement was 98.8% to 99.6%.

Conclusions. This study utilized a Master Protocol to generate diagnostic performance data for multiple assays from different 
manufacturers in a single study population, which ultimately supported first-in-class FDA clearance for extragenital assays. We ob-
served very good positive percent agreement when compared to a composite reference method for the detection of both pharyngeal 
and rectal N. gonorrhoeae and C. trachomatis.

clinical Trials Registration. NCT02870101.
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Molecular diagnostic assays have transformed the field of in-
fectious diseases, allowing for swift and highly sensitive de-
tection of organisms previously challenging to diagnose, 
including infections due to Neisseria gonorrhoeae (NG) and 
Chlamydia trachomatis (CT) [1]. Extragenital sites such 
as the pharynx and rectum are important reservoirs for di-
sease transmission. Pharyngeal NG infection may serve as 
an important source of NG antimicrobial resistance [2–6]. 
The prompt diagnosis and treatment of infection interrupts 

transmission pathways, thus decreasing the risk for further 
spread to sex partners, acquisition of human immunodefi-
ciency virus (HIV) infection, and the spread of NG resistance 
[7–9]. Nucleic acid amplification tests (NAATs) have become 
the gold standard for detecting NG and CT infections in the 
urogenital tract but, prior to this study, none were cleared for 
marketing by the US Food and Drug Administration (FDA) 
for use in pharyngeal or rectal sites, despite widespread use 
and recommendation by the US Centers for Disease Control 
and Prevention (CDC) [2, 10]. Therefore, such testing was 
only available in select clinical laboratories and reference la-
boratories that have completed verification studies according 
to the Clinical Laboratory Improvement Amendments [11]. 
FDA clearance will extend availability of those assays to la-
boratories serving public health and clinical settings and thus 
fill an important gap in the prevention and control of those 
infections.

mailto:jdklausner@mednet.ucla.edu?subject=
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Demonstrating the performance of new NAATs that have 
greater analytic sensitivity than the traditional culture-based 
reference method poses unique challenges, and comparison to 
an imperfect standard might bias the performance estimates for 
an assay under consideration [12–14]. Instead, a composite ref-
erence method made up of multiple, independent assays offers 
a better approach [15]. However, creating a composite reference 
method poses additional challenges, including obtaining co-
operation among multiple device manufacturers. If successful, 
the outcome could be the validation of multiple assays, each 
of which is both independently evaluated and used as part of 
the composite reference method for the other assays [16]. We 
and others have previously described an innovative study de-
sign known as a “Master Protocol,” which simultaneously as-
sesses the performance of multiple interventions or, as reported 
herein, multiple diagnostics, in a single study population [17, 
18]. Here, we collaborated with multiple manufacturers—with 
FDA consultation—to establish an agreed-upon composite ref-
erence method to assess diagnostic performance of 3 different 
assays for the detection of pharyngeal and rectal NG and CT 
infections. The use of the Master Protocol allowed a single 
subject’s samples to be used in the evaluation of 3 different diag-
nostic assays with the ultimate purpose of providing data to the 
assay manufacturers to support a regulatory submission.

METHODS

Study Design, Setting, and Population

This was a cross-sectional, single-visit study of consecutive 
adults seeking sexually transmitted infection (STI) testing at 9 
clinics offering STI testing (2 community clinics, 4 public health 
clinics, 2 reproductive health clinics, and 1 clinic serving sexual 
and gender minority populations) located in 7 states (California, 
Colorado, Florida, Louisiana, Michigan, Pennsylvania, and 
Texas) from 10 April 2017 until 12 March 2018. We enrolled 
both symptomatic and asymptomatic participants. Participant 
inclusion criteria were (1) attending a study clinic for evalua-
tion of STI(s); (2) ≥18 years of age at date of testing; (3) able and 
willing to provide informed consent; and (4) willing to comply 
with study procedures. We excluded participants for receipt of 
any systemic antibacterial drug in the past 14 days and/or re-
ceipt of myelosuppressive chemotherapy in the past 30  days. 
Participants were not required to have specific behaviors or 
symptoms to join the study. We obtained human subjects re-
search approval from all necessary institutional review boards 
(IRBs). Participants provided oral informed consent. Due to 
the minimal risk of study participation, the IRBs waived the re-
quirement for written documentation of consent.

Study Procedures

Using each manufacturer’s urogenital specimen collection 
kit containing a swab and transport media, trained clinicians 

collected 4 swabs from the participant’s pharynx and 4 swabs 
from the rectum, in addition to any swabs taken as part of rou-
tine clinical care. Clinicians collected swabs for routine care 
first. We randomized the order of collection of the research 
swabs to account for the possibility that the performance of 
each assay may be affected by order of specimen collection. 
Swabs were stored and transported per manufacturer guide-
lines for urogenital collection and testing, and specimen collec-
tion training was standardized for all study sites [19–23]. While 
participants consented to both pharyngeal and rectal swab col-
lection, if swabs from only 1 anatomic site were submitted, the 
swabs for that anatomic site were included in the analysis. If 
clinicians submitted <4 swabs at a site, we excluded results from 
that participant’s anatomic site from the analysis.

Assays Under Consideration

The study evaluated 3 distinct NAATs, each of which utilizes 
different molecular methods, microbial genetic targets specific 
to NG and CT only, and instruments (Table 1). Henceforth, the 
3 assays under interest will be referred to as assays 1, 2, and 
3. A  fourth NAAT with unique molecular genetic targets was 
used in case of disagreement between the 2 comparator assays 
and is referred to as the tiebreaker assay. The tiebreaker assay 
tested for CT or NG separately.

Central Laboratory Procedures

Two reference laboratories shared the processing and testing of 
the assays for the study. Laboratories conducted quality control 
and quality assurance procedures according to the manufac-
turers’ recommendations and in compliance with the College 
of American Pathology. Each clinical study site sent speci-
mens to 1 of the 2 laboratories. Trained laboratory staff pro-
cessed swabs, tested the specimens, and interpreted the results 
according to each manufacturer’s instructions on respective 
FDA-cleared urogenital assays [19–23]. Staff repeated initial 
equivocal, invalid, or otherwise undetermined results once per 
manufacturer guidelines before classifying as positive, negative, 
equivocal, or no result.

One reference testing laboratory was responsible for running 
the tiebreaker assay, regardless of which laboratory ran the ini-
tial specimen. Laboratory testing staff were blind to clinical in-
formation and the composite reference results.

Clinical Data

Site personnel included assessed participants for clinical signs 
and symptoms of infection in the pharynx and/or rectum as 
well as age, race, ethnicity, sex, and gender. Staff collected pha-
ryngeal symptoms including sore throat, pain with swallowing, 
and swollen or tender lymph nodes. Staff collected rectal symp-
toms including rectal discharge, rectal bleeding, rectal itching, 
or painful bowel movement. Any other symptoms at either 
anatomic site were recorded as free text. Study staff recorded 
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reason for withdrawal from the study for subjects who with-
drew consent.

Determination of the Anatomic Site Infected Status Composite 
Reference Method

Based on the prior methods for creating a composite reference 
in situations where either no accepted gold standard exists or 
when a gold standard such as bacterial culture is less sensitive 

than the assay under evaluation (ie, patient infected status), the 
anatomic site infected status (ASIS) was determined for each 
anatomic site and each organism (Figure 1; Supplementary 
Table 1) [15, 24]. Possible outcomes of the ASIS included in-
fected, not infected, indeterminate, and invalid/excluded from 
analysis. For each assay under consideration, the ASIS was 
derived from the 2 other assay results. We defined ASIS out-
comes a priori in the protocol. We considered the anatomic site 

Table 1.  Assay Names, Molecular Methods and Targets, and Laboratory Testing Platforms

Assay Manufacturer Target(s) Laboratory Test Platform

Assay 1 Xpert CT/NG Assay (Cepheid, 
Sunnyvale, California)

Real-time PCR to detect 2 noncontiguous chromosomal DNA regions from 
Neisseria gonorrhoeae (NG2 and NG4)—both of which must be positive 
to yield a positive result—and 1 chromosomal DNA target from Chlamydia 
trachomatis (CT1) [20]

GeneXpert System

Assay 2 Aptima Combo 2 Assay 
(Hologic, Inc, Marlborough, 
Massachusetts)

Utilizes target capture, TMA, and a dual kinetic assay to detect regions from the 
16S rRNA of NG and the 23S rRNA from CT using labeled DNA probes [23]

Panther System

Assay 3 Abbott RealTime CT/GC assay 
(Abbott Laboratories, Abbott 
Park, Illinois)

A combination assay that uses real-time PCR to detect a highly conserved re-
gion within the Opa gene of NG and 2 distinct regions within the CT cryptic 
plasmid DNA [19]

Abbott m2000 RealTime 
System

NG tie-
breaker

Aptima NG assay (Hologic, Inc) Utilizes target capture, TMA, and hybridization protection assays to identify the 
presence of NG 16S rRNAa [20]

Tigris DTS System

CT tie-
breaker

Aptima CT assay (Hologic, Inc) Utilize target capture, TMA, and hybridization protection assays to identify the 
presence of CT 16S rRNAa [21]

Tigris DTS System

Abbreviations: CT, Chlamydia trachomatis; DTS, direct tube sampling; GC/NG, Neisseria gonorrhoeae; PCR, polymerase chain reaction; rRNA, ribosomal RNA; TMA, transcription-mediated 
amplification.
aBoth tiebreaker assays utilize distinct molecular genetic targets from the assays under evaluation.

Figure 1. Schematic of the Master Protocol concept from the prototype perspective of evaluation of diagnostic performance of assay 1. The results from assays 2 and 3 de-
termine the anatomic site infected status for assay 1. Tiebreaker tests are performed only if indicated. Evaluation of assay 2 and 3 would proceed utilizing a similar approach. 
Individuals depicted in black and yellow represent participants without and with infection, respectively.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1105#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1105#supplementary-data
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infected if both of the other assay results were positive. We con-
sidered the anatomic site not infected when both other assay 
results were negative. If there was discordance between the 
comparator assays, we performed the tiebreaker assay. In that 
case, agreement of 2 of 3 of the comparator assays determined 
the ASIS. As the tiebreaker assay was a single CT or NG assay, 
the tiebreaker assay was only run for the organism with dis-
agreement (eg, if the comparator NG results were discordant 
and CT concordant, the tiebreaker assay was only run for NG). 
In the rare case when 2 of the 3 assays were equivocal or 1 was 
equivocal and 1 not performed, 1 assay result alone was used 
to determine the ASIS. If 2 assays were not performed, then no 
ASIS could be determined (ie, invalid) and results from that 
subject’s anatomic site were excluded from the analysis.

Determination of Positivity

After reviewing the results, we used the ASIS determined in the 
evaluation of assay 3, which used the results from assays 1 and 
2 (and if necessary the tiebreaker assay), to estimate positivity. 
That ASIS was chosen to define positivity as assays 1 and 2 

performed better than assay 3. We calculated percent positivity 
as the number of ASIS results classified as infected divided by 
the sum of all ASIS results for each anatomic site.

Statistical Methods

For each combination of assay, anatomic site, and organism, 
positive percent agreement (PPA) and negative percent agree-
ment were estimated using standard epidemiological methods, 
with 95% score confidence intervals (CIs) [25–27]. The com-
posite reference standard was the ASIS, described above. The 
study was designed with a sample size of 2500 evaluable partici-
pants under the assumption that prevalence of NG infection in 
the rectum, NG infection in the pharynx, and CT in the rectum 
would each be greater than 7.5% in the population under evalu-
ation [28–35]. That value provided at least an 80% probability of 
obtaining at least 174 participants with infection at each of those 
3 anatomic sites. In turn, that sample size would offer at least 
85% power to evaluate whether 90% PPA could be ruled out by 
the lower bound of the 95% CI if the true PPA of the assay was 
96%. An independent reviewer reviewed the observed positivity 

Figure 2. Standards for Reporting of Diagnostic Accuracy Studies diagram of participant flow. Abbreviation: ASIS, anatomic site infected status.
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Table 2. Participant Demographics and Disease Prevalence (N = 2598)

Demographics No. (%)

Sex at birth  

 Male 2059 (79)

 Female 539 (21)

Gender  

 Man 2010 (77)

 Woman 532 (20)

 Transgender man 3 (0.1)

 Transgender woman 42 (2)

 Genderqueer 8 (0.3)

 Declined to answer 3 (0.1)

Age, y, median (IQR) 30 (25–41)

Race  

 White 1285 (49)

 Black 935 (36)

 Asian 84 (3)

 Other race 145 (6)

 >1 race 71 (3)

 Unknown/declined to answer 78 (3)

Ethnicity  

 Hispanic or Latino 772 (30)

 Not Hispanic or Latino 1814 (70)

 Unknown/declined to answer 12 (0.5)

Site of enrollment  

 A 399 (15)

 B 367 (14)

 C 367 (14)

 D 356 (14)

 E 337 (13)

 F 290 (11)

 G 227 (9)

 H 143 (6)

 I 112 (4)

Any pharyngeal symptoms 307 (12)

Any rectal symptoms 198 (8)

Data are presented as no. (%) unless otherwise indicated.
Abbreviation: IQR, interquartile range.

by anatomic site every 500 participants during the course of the 
study. Based on the third review, the planned sample size was 
increased to 2600 evaluable subjects.

Positive and negative predictive values (PPVs and NPVs, re-
spectively) and positive and negative likelihood ratios (LRs) were 
also calculated. We calculated 95% CIs for the PPVs and NPVs 
using adjusted logit transformation, whereas the log method 
was used for the positive and negative LRs. We plotted PPVs and 
NPVs as a function of prevalence [26, 36]. Categorical tests for 
association were conducted using a χ 2 test. Sensitivity analyses 
classifying indeterminate ASIS results on the basis of reported 
symptom status or categorizing all indeterminate ASIS results 
as infected or as not infected were also examined. Authors L. K., 
T. T. T. T., and S. R. E. performed the statistical analyses.

RESULTS

The final study population included 2598 participants out of 
2767 enrolled (Figure 2). Reasons for exclusion of enrolled 
participants included a protocol deviation resulting in sam-
ples stored outside of the appropriate temperature range 
(n = 167) at 1 study site, withdrawal of consent (n = 1), and 
postenrollment exclusion (n  =  1). Of the 2598 enrolled el-
igible participants, there were 2590 (99.7%) with evaluable 
pharyngeal specimens and 2585 (99.5%) with evaluable rectal 
specimens. Reasons for unevaluable participant specimens 
included <4 swabs submitted, error in collection method, or 
shipment error. Swabs were not collected in randomized order 
in 22 participants (<1%), all of whom were included in the 
study analysis.

Table 2 shows the demographic characteristics and pre-
senting symptom status by anatomic site among participants. 
The majority of participants (79%) were male and most were 
asymptomatic (88% at the pharyngeal site, 92% at the rectal 
site). Neisseria gonorrhoeae positivity was 8.1% in the pharynx 
and 7.9% in the rectum, whereas positivity for CT was 2.0% in 
the pharynx and 8.7% in the rectum. Positivity varied by study 
clinic and organism, with ranges at the 9 clinics of 0.9%–16.9% 
for NG and 0–4.6% for CT in the pharynx, and 0.9%–17.1% for 
NG and 1.8%–14.3% for CT in the rectum.

Table 3 shows the diagnostic performance measures for the 3 
assays by anatomic site. Sensitivity analyses, classifying indeter-
minate results based on symptom status or as either all infected 
or all uninfected, yielded similar results (data not shown). 
Tiebreaker testing was performed for ASIS determination in 96 
(4%) participants for pharyngeal NG, 146 (6%) for rectal NG, 
44 (2%) for pharyngeal CT, and 186 (7%) for rectal CT. There 
were no significant associations between swab order and assay 
performance result for either organism or anatomic site (NG 
pharynx, P = .65; NG rectum, P = .95; CT pharynx, P = .34; CT 
rectum, P = .80). Figure 3 shows the PPVs and NPVs as a func-
tion of infection prevalence by assay.

Subgroup Analysis

Positivity was higher among symptomatic participants (NG: 
pharynx, 13%, rectum, 20%; CT: pharynx, 2.9%, rectum, 13%) 
compared to asymptomatic participants (NG: pharynx, 7.4%, 
rectum, 6.9%; CT: pharynx, 1.8%, rectum, 8.4%). Positivity for 
NG in the pharynx and rectum for males was 9.9% and 9.8%, 
respectively. For females, positivity for NG in the pharynx 
was 0.9% and in the rectum was 0.7%. Male CT positivity was 
2.2% in the pharynx and 9.4% in the rectum, while female 
CT positivity was 0.9% and 6.4% in the pharynx and rectum, 
respectively.

Supplementary Tables 2 and 3 show the performance of the 
assays by subgroup. Sensitivity analyses for each subgroup, clas-
sifying indeterminate results based on symptom status or as ei-
ther all infected or all uninfected, yielded similar results by both 
sex and symptom status (data not shown).

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1105#supplementary-data
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Swab Collection Complications

There were a total of 21 (<1%) participants with swab collection 
complications. The majority of those were related to a problem 
with the specimen handling or testing materials, such as placing 
a swab in the wrong tube, dropping the swab, or inability to 
snap the swab at the scored handle. One participant reported 
excessive discomfort during rectal swab collection and with-
drew consent for study involvement.

DISCUSSION

Using a Master Protocol to evaluate multiple assays in a single 
study population, we generated diagnostic performance data 
for 3 assays at 2 anatomic sites, which supported regulatory 
submission for 2 of the manufacturers. The FDA cleared the 
Aptima Combo 2 Assay and the Xpert CT/NG assay for mar-
keting on 23 May 2019, an important step for public health 
that is expected to expand testing reach, thereby improving 
control of these infections and their attendant complications 
[37]. A unique strength of this study included collaboration be-
tween device manufacturers, the National Institute of Allergy 
and Infectious Diseases of the National Institutes of Health, the 
Antibacterial Resistance Leadership Group, and the FDA to 
develop a composite reference method to use as a comparator. 
That composite reference method allowed for the efficient eval-
uation of multiple assays with higher analytic sensitivity than 
the traditional culture-based standard [28–30, 35, 38]. This fea-
sible and efficient Master Protocol study design can and should 
be replicated for the evaluation of other infectious diseases 
diagnostics [18]. Given the rapidly developing and widespread 
problems with antimicrobial resistance in NG, future studies 
may include testing of diagnostics that can rapidly identify 

antimicrobial-resistant strains, allowing for more appropriate 
and targeted treatment [3, 39, 40].

We observed very-good to excellent PPA when compared to 
the composite reference for the detection of both pharyngeal and 
rectal NG and CT. It should be noted that assay 3—which is the 1 
assay for which FDA clearance was not sought—had consistently 
lower PPA compared to the other 2 assays, which may be relevant 
in light of the fact that many testing laboratories may use this test 
under the Clinical Laboratory Improvement Amendments. The 
2 FDA-cleared assays had similar performance characteristics 
for detection of the 3 anatomic site-organism combinations for 
which this study was powered. Negative percent agreement was 
excellent and similar across assays. Our results align with prior 
published estimates of the performance for the 3 assays evalu-
ated in this study. For the detection of NG, prior reported sen-
sitivities were 84%–100% (pharyngeal) and 76%–100% (rectal), 
and specificities were 96%–100% (pharyngeal) and 95%–100% 
(rectal) [29–31, 34, 35, 41]. For the detection of CT, prior re-
ported sensitivities were 100% for the pharyngeal site and 
71%–100% for the rectal site, and specificities were >99% for the 
pharynx and 89%–100% for the rectum [28–33, 42]. Differences 
are likely due to variation in the definition of the reference 
method used in each study. In the study population of partici-
pants presenting for STI testing at a wide variety of clinics, the 
positivity of infection was similar to other estimates from a va-
riety of settings. Prior investigators have reported median prev-
alence values of 8% for NG in the pharynx, 10% for NG in the 
rectum, 3% for CT in the pharynx, and 14% for CT in the rectum 
in persons seeking extragenital testing [43–45].

The frequency of NG and CT infection in asymptomatic 
patients was high, underscoring the importance of further 

Table 3. Performance of Assays Under Consideration for Detection of Pharyngeal and Rectal Neisseria gonorrhoeae and Chlamydia trachomatis

Site and Infection PPA (95% CI) NPA (95% CI) PPVa (95% CI) NPVa (95% CI) Positive LR (95% CI) Negative LR (95% CI)

Pharynx, NG       

 Assay 1 94.7 (90.7–97.0) 98.8 (98.2–99.1) 87.1 (82.0–90.8) 99.5 (99.2–99.7) 77 (54–111) 0.05 (.03–.10)

 Assay 2 95.1 (91.3–97.3) 98.8 (98.3–99.2) 88.2 (83.3–91.8) 99.6 (99.2–99.8) 78 (54–112) 0.05 (.03–.09)

 Assay 3 84.8 (79.4–89.0) 99.5 (99.2–99.7) 94.2 (89.9–96.7) 98.7 (98.1–99.0) 183 (101–330) 0.15 (.11–.21)

Rectum, NG       

 Assay 1 91.2 (86.5–94.4) 99.6 (99.3–99.8) 95.4 (91.5–97.6) 99.3 (98.8–99.5) 238 (124–457) 0.08 (.05–.15)

 Assay 2 96.5 (92.9–98.3) 99.2 (98.8–99.5) 92.8 (88.4–95.6) 99.8 (99.5–99.9) 127 (80–202) 0.04 (.02–.07)

 Assay 3 88.3 (83.2–92.0) 99.6 (99.2–99.8) 94.8 (90.6–97.1) 99.0 (98.5–99.3) 205 (110–381) 0.12 (.08–.17)

Pharynx, CT       

 Assay 1 95.9 (86.3–98.9) 99.7 (99.4–99.8) 85.5 (73.8–92.4) 99.9 (99.7–100.0) 303 (151–606) 0.04 (.01–.16)

 Assay 2 88.2 (76.6–94.5) 99.7 (99.4–99.8) 84.9 (72.9–92.1) 99.8 (99.5–99.9) 279 (139–562) 0.12 (.06–.25)

 Assay 3 84.0 (71.5–91.7) 99.8 (99.5–99.9) 89.4 (77.4–95.4) 99.7 (99.4–99.8) 354 (158–794) 0.16 (.08–.30)

Rectum, CT       

 Assay 1 86.0 (80.9–89.9) 99.3 (98.9–99.6) 92.5 (88.1–95.3) 98.6 (98.1–99.0) 124 (76–203) 0.14 (.10–.19)

 Assay 2 88.7 (83.9–92.3) 98.7 (98.2–99.1) 88.7 (83.9–92.3) 99.1 (98.7–99.4) 70 (49–100) 0.11 (.08–.17)

 Assay 3 83.0 (77.5–87.2) 99.1 (98.6–99.4) 90.0 (85.3–93.4) 98.3 (97.7–98.8) 91 (59–140) 0.17 (.13–.23)

Abbreviations: CI, confidence interval; CT, Chlamydia trachomatis; LR, likelihood ratio; NG, Neisseria gonorrhoeae; NPA, negative percent agreement; NPV, negative predictive value; PPA, 
positive percent agreement; PPV, positive predictive value.
aPPVs and NPVs were calculated based on the positivity observed in this study.
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research to understand the implications of these infections 
and how they impact population-level transmission, as well 
as to determine the benefit of routine screening and treat-
ment of asymptomatic infection at these sites. Notably, the 
rates of CT in the rectum were high in females, which may 
reflect concomitant urogenital (ie, cervical) infection but 
has also been described in a substantial proportion of those 
without urogenital infection. We did not have access to uro-
genital testing results that might have been done as part of 
routine clinical care. Additional cost-effectiveness studies 

of routine rectal CT screening in females are warranted 
[46–48].

Several limitations of our study should be noted. First, in the 
absence of a universally accepted gold-standard comparator, a 
new comparator (the ASIS) was developed [15, 49]. Since all 
of the assays under consideration were NAATs, testing errors 
could be correlated resulting in biased estimates. However, each 
assay utilized different molecular methods and genetic targets 
of each organism, which should mitigate that issue [12–14]. 
In addition, because the ASIS composite reference method 

Figure 3. A, Positive predictive value (PPV) as a function of Neisseria gonorrhoeae prevalence. B, Negative predictive value (NPV) as a function of N. gonorrhoeae preva-
lence. C, PPV as a function of Chlamydia trachomatis prevalence. D, NPV as a function of C. trachomatis prevalence. All blue bands reflect 95% confidence intervals.
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incorporated results from the other 2 comparator assays, limi-
tations in performance of one of the assays had the potential to 
affect estimates from multiple assays. Finally, this study did not 
evaluate self-collection methods, which are preferred in many 
settings and should be evaluated in future studies in real-world 
settings, such as clinics and laboratory specimen collection sites.
In summary, this trial allowed evaluation of multiple new diag-
nostic assays in a single study to develop clinical performance 
data, which ultimately led to FDA clearances of 2 assays.
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