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A B S T R A C T

Background: Chlamydia trachomatis (CT) is one of the most prevalent bacterial sexually transmitted infections
(STIs) globally but has been inadequately detected for intervention. Introduction of point-of-care tests
(POCTs) for CT is critical for filling the intervention gaps. We conducted a systematical review and meta-anal-
ysis on diagnostic performance of POCTs for CT to assist in guiding the application of these assays in CT
screening and detection.
Methods: We searched PubMed/Medline and Embase databases, from January 2004 to May 2021, for studies
reporting the performance of POCTs for identifying CT using specimens collected from urethral, vaginal, cer-
vical, anorectal, or pharyngeal site or of urine. Two investigators independently screened and extracted data
for controlling the quality of data extraction. Any discrepancies in study selection and data extraction were
resolved through consensus. We only included studies with sufficient data to estimate sensitivity and speci-
ficity, and used laboratory-based nucleic acid amplification test (NAAT) as the reference standard. The main
outcomes were pooled sensitivity, specificity, and diagnostic odds ratio (DOR) and their corresponding 95%
confidence intervals (CIs). Summary estimates were calculated using a random-effects model and summary
receiver operator curves (SROCs) were generated using the Moses-Littenberg method. STATA 14.0 and Meta-
DiSc 1.4 were used for statistical analysis. The study protocol is registered with PROSPERO, number
CRD42019140544.
Findings: Of 3,038 records identified, 39 studies (42,336 specimens) were included in the study, including 14
studies on evaluation of antigen detection (AD)-based and 25 on NAAT-based POCTs. The overall pooled sen-
sitivity, specificity and DOR were 56% (95% CI 45%�67%), 99% (95% CI 98%�99%) and 86 (95% CI 46�163),
respectively, for AD-based POCTs and corresponding values for NAAT-based POCTs were 94% (95% CI
91%�96%), 99% (95% CI 99%�99%) and 1,933(95% CI 1,018�3,669), respectively. The pooled sensitivity of AD-
based POCTs varied across the types of specimens, indicating 46% for cervical swabs (95% CI 37%�56%; range
22.7%�71.4%), 52% for vaginal swabs (95% CI 34%�70%; range 17.1%�86.8%) and 57% for male urine (95% CI
36%�75%; range 20.0%�82.6%). For NAAT-based POCTs, the pooled sensitivity was 94% (95% CI 90%�96%) for
cervical swabs, 94% (95% CI 86%�98%) for vaginal swabs, 95% (95% CI 91%�97%) for urine specimens and 93%
(95% CI 87%�96%) for anorectal swabs.
Interpretation: NAAT-based POCTs for CT have a significantly better performance particularly in sensitivity for
diagnosing the infection with CT than the AD-based POCTs. Screening strategy with AD-based POCTs may
potentially result in a substantial under-detection of the infections.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Chlamydia trachomatis (CT) infection is one of the most prevalent
sexually transmitted infections (STIs) globally. The World Health
Organization (WHO) estimates that 127.2million new cases of CT
occur globally every year and most of them come from the resource-
limited countries [1]. Untreated CT infection in women can lead to
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Research in context

Evidence before this study

Point-of-care tests (POCTs) are critical for filling the gaps in
diagnosis of infections with Chlamydia trachomatis, particularly
in many settings where laboratory-based tests are usually not
available but performance of the available POCTs for detecting
CT at genital, rectal and oropharyngeal sites or using different
types of specimens is not well known. Three systematic reviews
were published in 2010, 2016 and 2017 respectively but none
of them include a meta-analysis assessing nucleic acid amplifi-
cation test (NAAT)-based POCTs for CT across different types of
specimens or the specimens from different anatomical sites
potentially exposed to the sexual contacts.

Added value of this study

This systematic review and meta-analysis includes a compre-
hensive set of published studies on evaluating performance of
POCTs for detecting antigen or nucleic acid of CT using different
types of specimens and/or specimens collected from different
anatomical sites. This study indicates that the sensitivity of
NAAT-based POCTs was significantly superior to that of anti-
gen-based POCTs, highlighting the importance to introduce
NAAT-based POCTs for overcoming underperformance of anti-
gen detection (AD)-based POCTs. Approaches to improve the
quality of specimen collection could substantially improve the
sensitivity of AD-based POCTs.

Implications of all the available evidence

NAAT-based POCTs have acceptable performance in terms of
identifying and excluding chlamydial infections in comparison
with the laboratory-based nucleic acid amplification tests. AD-
based POCTs which are widely used in many resource-limited
settings are not efficient to identify the infections, resulting in
half of infections to be missed. However, high cost of NAAT-
based POCTs may be one of barriers to prevent the introduction
of this approach particularly in resource-limited settings.
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serious complications, including pelvic inflammatory disease (PID),
ectopic pregnancy, tubal infertility, and chronic pelvic pain [2,3].
Among men CT infection is associated with non-gonococcal urethritis
and epididymitis [4]. CT infection in pregnant women can contribute
to the incidence of adverse obstetric outcomes such as preterm birth
and low birthweight [5]. In addition, genital CT infection significantly
increases the risk of HIV transmission and human papillomavirus
(HPV)-associated cervical carcinoma development [6,7]. Because over
70% of CT infections in women and 50% in men are asymptomatic [8],
effective control of the infections often relies on screening for CT fol-
lowed by treatment of the infected cases. Benefits of CT screening in
women have been demonstrated a reduction in rates of PID [9], and
prevention of adverse obstetric outcomes among pregnant women
[10,11]. Screening for CT is largely subject to the tests available and
accessible to the target populations. Laboratory-based nucleic acid
amplification tests (NAATs) provide a highly accurate diagnosis but
are usually neither affordable nor accessible in the developing coun-
tries because they require laboratory infrastructure and trained per-
sonnel and have a high cost [12]. In addition, delay in report of the
test results may lead to the impossibility to provide timely treatment
intervention. In contrast, point--of--care tests (POCTs) can be used in
either clinic or out-of-clinic settings and allow diagnosis and treat-
ment decisions to be made at the same visit, ensuring the immediate
treatment and preventing the losses of follow-ups [13].
A few published systematic reviews have summarized the accu-
racy of POCTs for the diagnosis of urogenital CT infections using vagi-
nal, cervical, urethral or urine samples [12,14,15]. However, most of
the POCTs included into these reviews were mainly based on antigen
detection in lateral flow format (AD-based POCTs). Since the publica-
tion of the latest review [12], many studies on performance of POCTs,
particularly NAAT-based POCTs, have been published. Additionally,
increasing rates of anorectal CT infections among men and women
call for requirement of these diagnostics to be applied in rectal speci-
mens [16,17]. Accordingly, we conducted a systematic review and
meta-analysis to update the diagnostic performance of AD- and
NAAT-based POCTs for diagnoses of urogenital, anorectal or oropha-
ryngeal CT infections.

2. Methods

2.1. Search strategy

The present systematic review and meta-analysis was conducted
in accordance with the MOOSE (Meta-analysis Of Observational Stud-
ies in Epidemiology) and PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis) guidelines [18,19]. We
systematically searched the PubMed/Medline and Embase for studies
published from January 2004 (the year in which WHO published its
pivotal report on POCTs for sexually transmitted infections) to May
2021. No restrictions were applied concerning language. The follow-
ing combinations of search terms were used: (Chlamydia trachomatis
OR chlamydia* OR (C. trachomatis)) AND ((point-of-care test*) OR
POC* OR assay* OR diagnostic* OR RDT*) AND (performance OR accu-
racy OR sensitivit* OR specificit*). We also manually searched the rel-
evant references to identify potential articles.

2.2. Study selection and data extraction

The full text of the studies deemed relevant were reviewed to
determine eligibility. The studies were included using the following
criteria: (1) any sexually active populations in any geographical loca-
tion; (2) technology in POCT or near POCT format used as the index
test for evaluating the performance in diagnosis of CT infection; (3)
sufficient data, including the absolute numbers of true positives, false
positives, true negatives, and false negatives, to construct 2£ 2 con-
tingency tables regarding sensitivity and specificity; (4) laboratory-
based NAAT assay used as the reference standard; and (5) publica-
tions between January 2004 and May 2021. The exclusion criteria
were as follows: (1) without defined outcome measure for validating
the performance (i.e. defined reference assay); (2) insufficient data to
construct contingency tables; (3) duplicated studies using the same
index test and the same population; (4) case report, or review article;
(5) inappropriate reference standard such as culture; and (6) inap-
propriate POCT such as gram stain or enzyme detection assay. In the
case of any overlapping study, only the largest and most informative
study was included. Two investigators (YZ, JL) independently applied
inclusion and exclusion criteria to screen the titles and abstracts of
studies retrieved to exclude the irrelevant articles. Subsequently,
full-text publications were reviewed to decide whether the study fit-
ted the eligibility criteria of the review. Discrepancies were resolved
through discussion and mutual agreement between the two investi-
gators. For eligible studies, the following baseline characteristics of
included studies were extracted by two investigators (YZ, JL) inde-
pendently using the standardized form: first author’s last name, year
of publication, type of test, type of specimen, reference standard,
sample size, economic category of the country where the evaluation
was conducted, and data for determining the outcomes of interests
(absolute number of true positive, false positive, true negative, and
false negative results), as shown in Tables S1 and S2. If the exact value
for each outcome was not clearly reported through the included



Fig. 1. PRISMA flow diagram for article search and selection.
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studies, it was estimated from the related percentage. For each study,
the sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV) and diagnostic odds ratio (DOR), compared
with the reference standard, were calculated. Any discrepancies in
data extraction were resolved through consensus.

2.3. Quality assessment

The methodological quality of each included study was indepen-
dently assessed by two reviewers (YZ and TTJ) using the QUADAS-2
(quality assessment of diagnostic accuracy studies) tool [20]. This
checklist consists of four key domains: patient selection, index test,
reference standard and flow and timing. Within each study, the
domains were assessed in terms of risk of bias and the first three of
these domains were assessed in terms of concerns about applicabil-
ity. Risk of bias (involved all four domains) and applicability (involved
three domains) were scored using low risk, high risk or unclear. Dis-
agreements on determining risk between YZ and TTJ were discussed
to achieve consensus.

2.4. Statistical analysis

For each included study, sensitivity, specificity, and diagnostic
odds ratios (DORs), along with their 95% confidence intervals (CIs),
were calculated to express performance of the evaluated assay for
diagnosing CT infection using laboratory-based NAAT as a reference
standard. Heterogeneity across the included studies was assessed
using Cochran’s Q statistic and the I2 test [21]. Heterogeneity was
indicative when P-value<0.05 (Q statistic) and/or I2 > 50%, and then
a random effects model was performed to calculate the performance
estimates including the pooled sensitivity and specificity, and DOR
which represents the overall diagnostic accuracy. A fixed effect model
would be used when P-value�0.05 (Q statistic) and I2�50%. We
defined sources of heterogeneity a priori and we included the follow-
ing factors: POCT type (AD-based versus NAAT-based), POCT speci-
men (cervical, vaginal, rectal or urine), and study setting (low/
middle-income versus high-income countries). In addition, the esti-
mate of summary receiver operating characteristics (SROC) curve
was plotted and the area under SROC curve (AUC) served as a proxy
of diagnostic accuracy. An area under the SROC curve between 0.90
and 1.00 is considered as excellent diagnostic accuracy, between 0.80
and 0.90 as very good, between 0.70 and 0.80 as good, between 0.60
and 0.70 as sufficient, between 0.50 and 0.60 as bad and less than 0.5
as not useful [22]. Using the Moses�Littenberg method, Q* values
were calculated from the SROC curve by the point where sensitivity
equaled specificity and values of Q* near 1.0 indicate that SROC
curves are snugged up near the desirable northwest corner where
sensitivity and specificity are both 1.00 [23]. A two-sample Z-test
was conducted to evaluate a significant difference in AUC and Q* val-
ues between two diagnostic modalities (AD-based POCTs using cervi-
cal specimens vs. AD-based POCTs using vaginal specimens), and P-
value<0.05 was considered statistically significant. Probability of
publication bias was also considered and evaluated by Deeks et al.
funnel plot [24], and P-value<0.05 was considered indicative of pub-
lication bias. All analysis were performed by using STATA version
14.0 (Stata Corporation, College Station, TX, USA), Meta-DiSc version
1.4 and Review Manager version 5.3 [25]. The study protocol is regis-
tered with PROSPERO, number CRD42019140544.

2.5. Role of the funding source

The funder of the study had no role in study design, data collec-
tion, data analysis, data interpretation, or writing of the report. The
corresponding author had full access to all the data in the study and
had final responsibility for the decision to submit for publication.
3. Results

3.1. Study selection

A total of 3,038 articles were identified from the PubMed/Medline
(n = 992) and the Embase (n = 2,046) during the initial literature
search. After excluding duplicated articles (951 articles), 2,087 publi-
cations were kept for screening, of which 2,032 articles were subse-
quently discarded after reviewing titles and abstracts. Through
mutual search of review articles, another 3 articles were added in the
study. Therefore, a total of 58 full-text articles were then assessed for
their eligibility for inclusion in the final meta-analysis, and 19 of
them were excluded because of insufficient data to construct contin-
gency tables (n = 2), inappropriate reference standard (n = 4, includ-
ing culture), inappropriate index POC test (n = 10, including gram
stain or enzyme detection), modeling research or cost-effectiveness
analysis (n = 2) and case report or review articles (n = 1) (Fig. 1).
Finally, 39 articles were included in this systematic review and meta-
analysis [26�64].
3.2. Characteristics of included studies

A total of 14 studies evaluated the performance of 10 brands of
AD-based POCTs in 14,582 specimens from 11 countries. Among the
14 studies included, half of them were from the high-income coun-
tries according to the World Bank's classification of countries by
income [65], namely the United Kingdom, the United States, Nether-
lands and the Republic of Korea, and another half from the low and
middle-income countries including China, Guatemala, Vanuatu, Zam-
bia, Philippines, Colombia and South Africa. Twenty-five studies eval-
uated NAAT-based POCTs in 27,754 specimens from 10 countries,
and majority (84.0%) of these studies were conducted in high-income
countries, namely the United Kingdom, the United States, Australia,



4 Y. Zhou et al. / EClinicalMedicine 37 (2021) 100961
Finland, Estonia and Japan, and the remaining studies were from
Papua New Guinea, Thailand, India and China. The laboratory-based
assays used as the reference standard included polymerase chain
reaction (PCR) assay (Roche Molecular Systems, USA), ligase chain
reaction (LCR) assay (Abbott Diagnostics, USA), strand displacement
amplification (SDA) assay (ProbeTec ET, Becton Dickinson, USA) and
transcription-mediated amplification (TMA) assay (Aptima, GenP-
robe, now Hologic, USA), and real-time PCR assay (AccuPower, Bion-
eer, Inc., Daejeon, Korea). Tables S1 and S2 summarized the data
extracted from the studies, including first author, year of publication,
type of test, type of specimen, reference criteria, sample size, and sen-
sitivity, specificity, positive predictive value, and negative predictive
value.

3.3. Study quality

The proportion of studies that fulfill each QUADAS-2 criterion is
summarised in Fig. S1. Of the 39 studies, 17 (43.6%)
[28,29,32,34�37,39�42,45,49,51,57,58,62] satisfy all of the criteria in
the QUADAS-2 [20]. In the patient selection domain, one (2.6%) study
[54] is classified at a high risk of bias for employing a case-control
design. In the index test domain, 10 (25.6%) studies
[30,31,53�57,59,63,64] did not clearly report if the index test had
been conducted and interpreted before the reference standard. In the
reference standard domain, three (7.7%) study [31,63,64] does not
clarify if the reference standard results are interpreted without
knowledge of infection status. In the flow and timing domain, no
study is considered to be at high risk of bias. In terms of applicability
no studies are considered to be at risk of bias for either patient selec-
tion, the reference standard or index test domains. As a result, the
overall quality of the included studies was considered adequate, with
the exception of only one study that demonstrated a high risk of bias.

3.4. Diagnostic performance

Table 1 shows the data of sensitivity and specificity from 14 stud-
ies on AD-based POCTs and 25 on NAAT-based POCTs. The overall
sensitivity ranged from 17.1% to 93.8% with a median of 51.6% for
AD-based POCTs and from 50.0% to100.0% with a median of 95.6% for
NAAT-based POCTs. The overall specificity was generally high for
either AD-based (range 89.0%�100.0%) or NAAT-based POCTs (range
89.4%�100.0%). Table 2 shows the pooled sensitivity, specificity and
DOR estimates of AD-based POCTs and NAAT-based POCTs. According
to the results, the overall estimates of pooled sensitivity, specificity
and DOR were 56% (95% CI 45%�67%), 99% (95% CI 98%�99%) and 86
(95% CI 46�163), respectively, for AD-based POCTs, and 94% (95% CI
91%�96%), 99% (95% CI 99%�99%) and 1933 (95% CI 1018�3669) for
NAAT-based POCTs. AUCs were 0.941 (95% CI 0.858�1.024) and
0.996 (95% CI 0.991�0.999) for AD-based POCTs and NAAT-based
POCTs, respectively; the pooled diagnostic accuracy (Q*) were 0.878
(95% CI 0.772�0.984) and 0.975 (95% CI 0.964�0.986), respectively
(Fig. 2). The diagnostic sensitivity of NAAT-based POCTs was signifi-
cantly higher than AD-based POCTs (P < 0.05).

3.5. Subgroup analysis

The forest plots of AD-based POCTs and NAAT-based POCTs for
different specimen types are given in Figs. 3 and 4. Although AD-
based POCTs exhibited high specificity across all specimen types
(range 89%�100%), the pooled sensitivity was 46% for cervical swabs
(95% CI 37%�56%; range 22.7%�71.4%), 52% for vaginal swabs (95% CI
34%�70%; range 17.1%�86.8%) and 57% for male urine (95% CI
36%�75%; range 20.0%�82.6%). AUCs were 0.87 (95% CI 0.68�1.06)
and 0.95 (95% CI 0.83�1.07) for AD-based POCTs using cervical and
vaginal specimens, respectively; Q* values were 0.80 (95% CI
0.62�0.98) and 0.89 (95% CI 0.72�1.06), respectively (Fig. 5). There
were no significant differences between AD-based POCTs using cervi-
cal and vaginal specimens for both AUC and Q* values (P = 0.47). For
NAAT-based POCTs, as shown in Fig. 4, the pooled sensitivity was 93%
(95% CI 87%�96%) for anorectal swabs, 94% (95% CI 90%�96%) for cer-
vical swabs, 94% (95% CI 86%�98%) for vaginal swabs and 95% (95% CI
91%�97%) for urine specimens with a pooled specificity ranging from
99% to 100%. AUCs were above 0.99 and Q* values were above 0.95
for NAAT-based POCTs regardless of the specimen types used (Fig. 6).
Two studies evaluated the performance of NAAT-based POCT for pha-
ryngeal swabs from the USA. One study reported that the Cepheid
Xpert CT/NG assay had a sensitivity of 50% (1 of 2 positive samples of
pharyngeal infection were detected) and another study reported a
sensitivity of 100% (8 of 8 positive samples of pharyngeal infection
were detected).

For AD-based POCTs, a further subgroup analysis was performed
according to the income variation between countries (Table 2), and
the results indicate that the pooled sensitivity of AD-based POCTs
may be higher in high-income countries (65%, 95% CI 44%�82%) than
low and middle-income countries (50%, 95% CI 40%�61%). For NAAT-
based POCTs, we sub-grouped them into commercial availability and
unavailability (Table 2), and found that the NAAT-based POCTs which
were not commercially available had a similar pooled sensitivity
(95%, 95% CI 92%�97%) to those commercially available (94%, 95% CI
90%�96%).

3.6. Publication bias

Deeks et al. funnel plot, seen in Fig. S2, was used to assess publica-
tion bias. The funnel plot had a slope coefficient of 9.86 (P = 0.55) and
�16.15(P = 0.15) for AD-based POCTs and NAAT-based POCTs, respec-
tively, suggesting a low likelihood of publication bias in this meta-
analysis.

4. Discussion

Chlamydial infections are still a major public health problem glob-
ally and the importance of introducing POCTs as one of strategic com-
ponents for prevention and control of sexually transmitted infections
has been widely recognized, particularly in the resource-limited
countries. Advancement of POCTs would allow the delivery of etiol-
ogy-based diagnosis to move from centralised laboratory-based test-
ing to a clinic-based approach closer to the setting in which patients
seek healthcare or community-based approach through self-testing
of target populations. Hence, these approaches with POCTs would
offer an important opportunity to make a rapid diagnosis of the infec-
tions for treatment, and initiate partner notification or other inter-
ventions in the same clinic visit.

In 2017, Kelly et al. [12] published a systematic review of rapid
POCTs of CT in the urogenital tract, which included 12 studies on AD-
based POCTs from 2006 to 2016, and 2 studies on NAAT-based POCTs
(Cepheid GeneXpert CT/NG) from 2012 to 2013. Since then, a couple
of studies on evaluation of AD-based POCTs including the Chlamydia
Rapid Test (CRT) Device in South Africa in 2016 [41] and the Cortez
OneStep Chlamydia RapiCardTM insta test in Zimbabwe in 2017 [44]
and more studies on NAAT-based POCTs including commercial
NAAT-based POCT (Cepheid GeneXpert CT/NG and binx CT/NG assay)
and NAAT-based POCTs under development had been published. In
our systematic review and meta-analysis, we identified 39 studies
with 68 records assessing the performance of AD- or NAAT-based
POCTs for diagnosis of CT infections in different anatomical sites in
men and women, published over the past 17 years from January
2004 to May 2021.

Our finding that AD-based POCTs had generally low sensitivity for
identifying CT infections was consistent with the three systematic
reviews previously published [12,14,15], indicating that AD-based
POCTs lacked sufficient sensitivity to be recommended as screening



Table 1.
Data on sensitivity and specificity of 39 studies included in the systematic review.

AD-based point-of-care tests NAAT-based point-of-care tests

No. studies* Sensitivity% (median, range) Specificity% (median, range) No. studies* Sensitivity% (median, range) Specificity% (median, range)

Overall 14 51.6 (17.1�93.8) 98.8 (89.0�100.0) 25 95.6 (50.0�100.0) 99.4 (89.4�100.0)
Specimen by sex
Cervical swab in females 8 51.6 (22.7�71.4) 99.5 (97.9�100) 7 95.7 (84.1�97.4) 99.6 (98.6�100.0)
Vaginal swab in females 10 54.0 (17.1�86.8) 97.7 (91.3�99.7) 10 96.1 (58.8�99.3) 98.7 (92.9�100.0)
Urine in males 6 45.4 (20.0�82.6) 98.7 (89.0�100.0) 7 94.4 (80.0�100.0) 99.5(97.5�100.0)
Urine in females 0 NA NA 4 94.3 (80.9�97.6) 99.7 (99.3�99.9)
Urine in males and females 1 88.2 94.7 2 91.0 (83.3�98.6) 98.7 (97.3�100.0)
Rectal swab in males 0 NA NA 3 86.0 (85.7�88.2) 99.2 (99.4�100.0)
Rectal swab in females 0 NA NA 1 96.7 97.7
Rectal swab males and females 0 NA NA 3 95.5 (94.4�96.6) 98.3 (89.4�99.7)
Pharyngeal swab in males 0 NA NA 1 50.0 100.0
Pharyngeal swab in males and females 0 NA NA 1 100.0 99.5
Swab in males and females 1 93.8 96.8 2 98.1 (96.2-98.0) 99.0 (98.0-100.0)
Urine or vaginal swab 0 NA NA 1 98.6 99.5
Study location
High�income country 7 70.7 (17.1�93.8) 98.5 (93.7�99.7) 21 94.9 (50.0�100.0) 99.4 (92.9�100.0)
Low- and middle-income country 7 46.8 (20.0�86.8) 99.2 (89.0�100.0) 5 96.6 (95.8�100.0) 99.1 (89.4�100.0)
Product
Clearview Chlamydia MF (Clearview,Unipath Ltd, Bedford,

UK)
4 41.3 (31.1�53.5) 98.5 (95.2�99.2) NA NA NA

Chlamydia Rapid Test (CRT) (DRW, Cambridge, UK) 10 72.6 (20.0�86.8) 98.8 (89.0�100.0) NA NA NA
Chlamydia test card (Ultimed Products GmbH, Ahrensburg

Germany)
1 63.0 99.6 NA NA NA

Biorapid CHLAMYDIA Ag test (Biokit, Barcelona, Spain) 1 17.1 93.7 NA NA NA
QuickVue Chlamydia test (Quidel Corporation, San Diego,

USA)
2 31.4 (25.0�37.7) 99.6 (99.4�99.7) NA NA NA

ACON Chlamydia Rapid Test Device (ACON, San Diego, USA) 3 43.8 (22.7�66.7) 98.3 (91.3�100.0) NA NA NA
CT Duo test combo (ACON Laboratories, San Diego, USA) 1 30.5 99.8 NA NA NA
Cortez Onestep Chlamydia RapicardTM insta test (Cortez

Diagnostics, Inc., Woodland Hills, USA)
1 71.4 99.6 NA NA NA

BioStar Chlamydia OIA (Biostar, Inc., Boulder, USA) 1 59.4 98.4 NA NA NA
aQcare Chlamydia TRF kit (Medisensor, Inc., Daegu, Korea) 2 91.0 (88.2�93.8) 95.8 (94.7�96.8) NA NA NA
GeneXpert CT/NG (Cepheid, Sunnyvale, USA) NA NA NA 18 95.0 (50.0�100.0) 99.5 (89.4�100.0)
*Atlas Genetics io� platform (Atlas Genetics Ltd., Bath, UK) NA NA NA 2 90.0 (83.9�96.1) 98.3 (97.7�98.8)
*the binx health ioCT/NG assay (binx health,USA) NA NA NA 2 94.3 (92.5�96.1) 99.2 (99.1�99.3)
Other uncommercial NAAT-based products NA NA NA 19 95.9 (75.5�100.0) 99.6 (92.9�100.0)

AD: antigen detection; NAAT: Nucleic acid amplification test; NA: Not applicable. * the Atlas assay is the same as the binx assay (the company renamed).
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Table 2.
Pooled sensitivity and specificity, and DOR of antigen- and NAAT-based point-of-care tests.

No. subjects (No. studies) Pooled sensitivity (95% CI) Pooled specificity (95% CI) Pooled DOR (95% CI)

AD-based POCTs
Overall 14,582(14) 56% (45%�67%) 99% (98%�99%) 86(46�163)
Subgroup by specimen
Cervical swabs 4482 (8) 46% (37%�56%) 99% (98%�100%) 102 (57�184)
Vaginal swabs 6990 (10) 52% (34%�70%) 98% (96%�99%) 58(18�183)
Urine subtotal 2760 (7) 62% (41%�79%) 98% (96%�99%) 78(19�316)
Urine frommales 2667 (6) 57% (36%�75%) 98% (96%�99%) 71 (15�345)
cup-collected urine 766 (3) NA NA NA
First Burst-collected urine 1901 (3) NA NA NA
Urine from a mixed sample of males or

females
93 (1) NA NA NA

Swabs from a mixed sample of males and
females

348 (1) NA NA NA

Subgroup by country category
High-income country 6716 (7) 65% (44%- 82%) 98% (97%�99%) 97 (28�330)
Low- and middle-income country 7866 (7) 50% (40%�61%) 99% (98%�99%) 77 (38�154)
NAAT-based POCTs
Overall 27,754 (25) 94% (91%�96%) 99% (99%�99%) 1933 (1018�3669)
Subgroup by specimen
Cervical swabs 4886(7) 94% (90%�96%) 100% (99%�100%) 3648 (1425�9341)
Vaginal swabs 8591 (10) 94% (86%�98%) 99% (98%�99%) 1216 (407�3635)
Urine subtotal 9214 (13) 95% (91%�97%) 100% (99%�100%) 4146(1697�10,131)
Urine frommales 3925 (7) 95% (92%�97%) 100% (99%�100%) 5257 (981�28,189)
Urine from females 5071 (4) 96% (85%�99%) 100% (99%�100%) 50,823 (244�110,000)
Urine from a mixed sample of males and

females
218 (2) NA NA NA

Rectal swabs 2069 (7) 93% (87%�96%) 99% (97%�100%) 977 (501�1900)
Pharyngeal swabs 538 (2) NA NA NA
Swabs from a mixed sample of males or

females
150 (2) NA NA NA

Urine or vaginal swabs 2486 (1) NA NA NA
Subgroup by commercial availability
Availability (GeneXpert CT/NG and Atlas

Genetics and binx health ioCT/NG
assay)

16,614 (12) 94% (90%�96%) 99% (99%�100%) 2277(1141�4544)

Unavailability (others) 11,140 (13) 95% (92%�97%) 99% (99%�100%) 2291 (926�5666)

DOR: diagnostic odds ratio; AD: antigen detection; NAAT: nucleic acid amplification test; POCT: point-of-care test; NA: not applicable because of insufficient num-
ber of studies (less than 4 studies) for the analysis.

Fig. 2. Summary receiver operating characteristic (SROC) curve of the performance of (a) antigen detection (AD)-based POCTs, (b) NAAT-based POCTs for detection Chlamydia tra-
chomatis (CT) infection.

AUC, area under the curve; Q*, Q* value. Dots’ number and area size mean the number and sample size of observed data, respectively.

6 Y. Zhou et al. / EClinicalMedicine 37 (2021) 100961



Fig. 3. Forest plots of sensitivity and specificity of antigen detection (AD)-based point-of-care tests by specimen.
Red diamonds and lines represent subtotal sensitivities and specificities and their 95% confidence intervals.
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test. Nevertheless, AD-based POCTs are being used, especially in low
and middle-income countries, because of their advantage of relative
cheapness as compared with NAAT-based POCTs [66]. However, the
trade-off between accuracy and affordability needs to be considered
when we consider a POCT for CT screening particularly in resource-
constrained settings. We compared the performance of AD-based
POCTs for different specimen types and found no significant differ-
ence between AD-based POCTs using cervical and vaginal specimens
in terms of diagnostic accuracy, which revealed that the performance
of cervical specimen was not necessarily superior to vaginal speci-
men in testing for CT infection as previously thought [12]. It is noted
that three studies testing on first-void specimens showed a sensitiv-
ity of more than 80%, indicating the prospect of developing similar
collection devices to increase the sensitivity of AD-based POCTs in
urine samples in the future. In addition, a Qcare Chlamydia TRF kit,
which uses europium-chelated nanoparticles instead of conventional



Fig. 4. Forest plots of sensitivity and specificity of nucleic acid amplification testing (NAAT)-based point-of-care tests by specimen.
Red diamonds and lines represent subtotal sensitivities and specificities and their 95% confidence intervals.
MSM=men who have sex with men. FSWs=female sex workers. CI=confidence interval.
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Fig. 5. Summary receiver operating characteristic (SROC) curve of the performance of (a) antigen detection (AD)-based POCTs using cervical specimens, (b) AD-based POCTs using
vaginal specimens, (c) AD-based POCTs using male urine for detection Chlamydia trachomatis (CT) infection.

AUC, area under the curve; Q*, Q* value. Dots’ number and area size mean the number and sample size of observed data, respectively.
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colloidal gold or latex as the labeling substance, had good sensitivity
and specificity, indicating a promising novel lateral flow immunoas-
say-based POCT kit for detecting CT. However, it should be men-
tioned that this kit was only evaluated in one trial [33] and further
evaluation may be needed to confirm its performance across settings
and sub-populations. The pooled sensitivity of AD-based POCTs was
higher in high-income countries than that in low and middle-income
countries although the difference was not statistically significant.
This was probably due to different medical and health services
among different countries. Since AD-based POCTs are mostly being
used in low and middle-income countries, future real-world studies
are needed to assess the performance of AD-based POCTs and com-
pare evidence across studies.

Regarding NAAT-based POCTs, 23 articles published since 2012
were included in our study and 18 of them were published since
2016. NAAT-based POCTs showed excellent accuracy for urine speci-
men (with pooled sensitivity of 95%, specificity of 100%, AUC of 1.00).
However, extra-urogenital (rectal and pharyngeal) infections with CT
are more common among MSM and other sub-populations [67,68].
According to a systematic review of studies published between 1981
and 2015, the median prevalences of rectal and pharyngeal CT were
8.9% and 1.7% among men who have sex with men (MSM), 8.7% and
1.7% among women and 7.7% and 1.6% among men who have sex
only with women (MSW), respectively [16]. NAAT-based POCTs have
been approved for use with extragenital specimens by the Food and
Drug Administration (FDA) in 2019 [69]. Our systematic review
included 7 and 2 studies on evaluation of rectal and pharyngeal
NAAT-based POCTs and was the first study to do a meta-analysis on
performance of rectal NAAT-based POCTs. Our results showed that
the NAAT-based POCTs had adequate performance with rectal swabs
(with pooled sensitivity of 93%, specificity of 99%, AUC of 0.99). How-
ever, it was hard to make inferences about the sensitivity of the
NAAT-based POCT product (Cepheid Xpert CT/NG assay) for pharyn-
geal swabs due to the number of truly pharyngeal infection was small
in the two published studies [42,43].

In 2006, the World Health Organization (WHO) proposed the
ASSURED (Affordable, Sensitive, Specific, User-friendly, Rapid and
robust, Equipment-free and Deliverable to end-users) criteria as a
benchmark for developing and introducing the most appropriate
diagnostic tests for resource-constrained settings [70]. Recently, two
additional criteria of R (real-time connectivity) and E (ease of speci-
men collection and environmental friendliness) into the original
ASSURED to create a new acronym of REASSURED [71]. Although sig-
nificant progress has been made in the POC diagnostic tests for syphi-
lis, chlamydia, gonococcal infections, and trichomonas, no POC
diagnostic tests that fully meet all these criteria have been completed
to date [71]. Most of AD-based POCTs for CT meet the following
criteria: affordable, specific, user-friendly, rapid and robust, and
equipment free, but the common drawback is the low sensitivity. The
currently commercially available NAAT-based POCTs (such as
Cepheid GeneXpert CT/NG assay) are more sensitive and specific
than antigen detection assays and meet many of the desirable charac-
teristics defined by WHO for a POC devices, but affordability may be a
critical concern for their introduction into the low-resource settings.
To speed up the development of sexual transmitted infections (STI)
POC diagnostic tests, the WHO organized an expert consultation to
formulate the target product profiles (TPP) of the ideal POC diagnostic
tests for CT and other STIs [72]. TPP requires that the sensitivity of
NAAT-based POCT for CT should be at least 90% and ideally 100%. The
lowest specificity should be 98% and ideally 100%. The minimal
acceptable time to result is up to 60min and optimally 30min or
shorter. The currently commercially available NAAT-based POCTs for
CT (such as Cepheid GeneXpert CT/NG assay) in rectal swabs or urine
specimens could meet the minimal requirement of the TPP in terms
of the sensitivity and specificity. However, the run- time for the
Cepheid GeneXpert CT/NG assay is 90 min and the turn-around time
between sample collection and getting the result of these POCTs is
even longer. Recently, some new molecular POC diagnostic technol-
ogy (such as the io CT/NG Assay, the Visby Medical Sexual Health
Test and the rapid multiplex PCR assays.) has been developed and
meets many of the requirements of the TPP for a POC device (sensi-
tive, specific, rapid), which could represent important advances in
the development of rapid diagnostics for sexually transmitted infec-
tions [61,62,64].

The advantage of this study is that it is a comprehensive meta-
analysis of published studies on evaluating performance of POCTs for
detecting the antigen or nucleic acid of CT using the different types of
specimens and/or specimens collected from the different anatomical
sites. However, our study has several limitations to be mentioned.
First, only two major databases (PubMed and EmBase) were selected
for searching the published studies and the search terms might not
comprehensive enough, which may lead to an incomplete literature
retrieval. Second, no study on evaluating AD-based POCTs on urethral
swabs was found from the literature retrieval although such speci-
mens had been recommended for detection of CT infection among
males [73]. In addition, our study did not address the sensitivity and
specificity of community-based CT testing with either AD- or NAAT-
based POCTs. Application of POCTs in this purpose might have differ-
ent test characteristics.

In conclusion, evidence from our systematic review and meta-
analysis indicates that the diagnostic performance of NAAT-based
POCT is significantly better than that of AD-based POCT, especially in
terms of the diagnostic sensitivity across specimens collected from
different anatomic sites. Our study also highlights several areas that



Fig. 6. Summary receiver operating characteristic (SROC) curve of the performance of (a) nucleic acid amplification testing (NAAT)-based POCTs using cervical specimens, (b) NAAT-
based POCTs using vaginal specimens, (c) NAAT-based POCTs using rectal specimens, (d) NAAT-based POCTs using urine specimens for detection Chlamydia trachomatis (CT)
infection.

AUC, area under the curve; Q*, Q* value. Dots’ number and area size mean the number and sample size of observed data, respectively.
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merit further studies. In addition to an ideal performance in terms of
sensitivity and specificity, further evaluation on cost-effectiveness of
NAAT-based POCTs are needed because affordability has crucial
implications for scaling-up this technology particularly in areas with
low resources but a heavy burden of CT infection. Further efforts to
address the sensitivity of the current AD-based POCTs by improving
quality of specimen collection and/or result reading may be also valu-
able.
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