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Respiratory syncytial virus (RSV) rapid antigen detection tests (RADT) are extensively used in clinical laboratories. We performed a
systematic review and meta-analysis to evaluate the accuracy of RADTs for diagnosis of RSV infection and to determine factors associ-
ated with accuracy estimates. We searched EMBASE and PubMed for diagnostic-accuracy studies of commercialized RSV RADTs.
Studies reporting sensitivity and specificity data compared to a reference standard (reverse transcriptase PCR [RT-PCR], immunofluo-
rescence, or viral culture) were considered. Two reviewers independently extracted data on study characteristics, diagnostic-accuracy
estimates, and study quality. Accuracy estimates were pooled using bivariate random-effects regression models. Heterogeneity was
investigated with prespecified subgroup analyses. Seventy-one articles met inclusion criteria. Overall, RSV RADT pooled sensitivity
and specificity were 80% (95% confidence interval [CI], 76% to 83%) and 97% (95% CI, 96% to 98%), respectively. Positive- and nega-
tive-likelihood ratios were 25.5 (95% CI, 18.3 to 35.5) and 0.21 (95% CI, 0.18 to 0.24), respectively. Sensitivity was higher in children
(81% [95% CI, 78%, 84%]) than in adults (29% [95% CI, 11% to 48%]). Because of this disparity, further subgroup analyses were re-
stricted to pediatric data (63 studies). Test sensitivity was poorest using RT-PCR as a reference standard and highest using immunoflu-
orescence (74% versus 88%; P < 0.001). Industry-sponsored studies reported significantly higher sensitivity (87% versus 78%; P �
0.01). Our results suggest that the poor sensitivity of RSV RADTs in adults may preclude their use in this population. Furthermore,
industry-sponsored studies and those that did not use RT-PCR as a reference standard likely overestimated test sensitivity.

Acute respiratory infection (ARI) due to respiratory syncytial
virus (RSV) is a leading cause of emergency department (ED)

visits and hospitalizations in infants and children (1–3). RSV also
produces substantial morbidity and mortality among the elderly
and adults with underlying medical conditions (4, 5).

Accurate and prompt diagnosis of RSV ARI can have impor-
tant benefits for patient care. Because concurrent serious bacterial
infection with RSV is uncommon, especially in children (6), a
timely diagnosis of RSV ARI should diminish unnecessary antibi-
otic use (7–9). It may also minimize ancillary testing (10), decrease
hospital stay durations (11), and permit prompt implementation
of cohort assignment for the purpose of limiting nosocomial
transmission within hospitals and long-term-care facilities (13–
16, 57). Laboratory testing of respiratory secretions is required for
confirmation of RSV infection because its seasonality and nonspe-
cific clinical manifestations may overlap those of other viral and
bacterial causes of ARI (17, 18).

There are currently four RSV diagnostic modalities in clinical
use. Viral culture was long considered the gold standard for RSV
diagnosis, but it has a turnaround time of 3 to 7 days (1 to 2 days
for shell vial culture) (19). Reverse transcriptase PCR (RT-PCR)
has a much shorter turnaround time (hours) than and analytic
and clinical sensitivities superior to those of culture; it is now the
reference diagnostic method for respiratory virus detection (17,
20). However, only �15% of clinical laboratories participating in
the United States National Respiratory and Enteric Virus Surveil-
lance System (NREVSS) presently identify RSV by RT-PCR be-
cause of its associated costs and because of the specialized equip-
ment and expertise required (21). Immunofluorescence (IF)
testing for RSV detection is potentially faster than RT-PCR but is
less sensitive and requires considerable technical skill (19). Finally,

a number of commercially developed rapid antigen detection tests
(RADTs) are currently available for the diagnosis of RSV ARI.
These assays are easy to perform and provide results in less than 30
min, and several of them have the potential for point-of-care use
(22). Although they are less sensitive than culture, their speed and
ease of use have made them an integral part of the diagnostic
algorithm of many clinical laboratories (21, 22). It is thus crucial
for clinicians and for public health surveillance systems that rely
on such tests for decision-making to understand their perfor-
mance characteristics and the factors that might influence them.

To date, the literature evaluating the performance characteris-
tics of RSV RADTs has not yet been systematically reviewed.
Therefore, the primary objective of this systematic review and
meta-analysis was to summarize the available evidence on the di-
agnostic accuracy of commercialized RADTs for detecting RSV
infection in patients with ARI. We also aimed to determine if
patient, test, and methodological factors (e.g., patient age, type of
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specimen, commercial brand, clinical presentation, duration of
symptoms, point-of-care testing, industry study sponsorship, and
genotype of infecting RSV strain) might influence RADT accuracy
estimates.

MATERIALS AND METHODS
Prior to conducting this study, a protocol was prepared according to stan-
dard guidelines for the systematic review of diagnostic studies (23, 24).
The PRISMA statement was used for preparing this report (25).

Information sources and searches. PubMed and EMBASE were
searched for data added from their inception through November 2013. An
update of the search, performed through April 2015, was conducted in
PubMed. Studies published in either English or French were considered.
The search strategy was designed with the help of an experienced librarian
and contained search terms for RSV infection and search terms for rapid
diagnostic immunoassays, including the most common brand names (see
Table S1 in the supplemental material). Additionally, the reference list of
all included studies and relevant recent narrative reviews was manually
searched for additional studies.

Eligibility criteria and study selection. Studies were considered for
inclusion if they assessed the diagnostic accuracy of a commercial rapid
immunoassay for RSV in patients with suspected ARI. RADT was defined
as any commercialized immunoassay that identifies RSV antigen in respi-
ratory specimens in 30 min or less. In-house tests and precommercial
versions were excluded since they are not widely available and may not be
standardized. Acceptable reference standards included viral culture, RT-
PCR, and IF. Studies were excluded if the rapid test was itself part of a
composite reference standard (incorporation bias) or if only rapid-test-
negative samples were tested with the reference standard (partial verifica-
tion bias). Studies were also excluded if they pertained to patients without
respiratory illness.

Only original studies that described their methods and reported
enough data for the construction of the standard two-by-two table were
included. Editorials, letters to the editors, and conference abstracts were
excluded since they usually contained insufficient information on many
important data items relevant to the investigation of sources of heteroge-
neity (such as patient characteristics, type of specimen, point-of-care use,
etc.) and the ascertainment of methodological quality (blind procedures,
patient selection, etc.). Attempts were made to contact the authors if there
was insufficient information to construct the two-by-two table. Of the 3
authors contacted, 2 provided additional data.

Following the electronic database search, the title and abstract were
screened by one reviewer (C. Chartrand). Full-text articles of relevant
citations were obtained and independently assessed for eligibility by two
reviewers (C. Chartrand and N. Tremblay). Disagreements were solved by
consensus or by involvement of a third reviewer (J. Papenburg).

Data extraction and assessment of the risk of bias. A data extraction
form was created and initially used for pilot purposes with a subset of 5
studies by two reviewers (C. Chartrand and J. Papenburg) before being
finalized. Two reviewers (C. Chartrand and N. Tremblay) independently
extracted data from all included studies and assessed risk of bias. Disagree-
ments were solved by consensus or by involvement of a third reviewer (J.
Papenburg).

In the data collection process, the following assumptions or simplifi-
cations were applied. In determining the reference standard, traditional
viral culture and shell vial culture were considered together, regardless of
the cell line used. Similarly, RT-PCR and immunofluorescence were each
considered as a whole, independently of the kit or protocol used. If sepa-
rate information was available for two or more reference standards, RT-
PCR was chosen in priority, because of its superior sensitivity and speci-
ficity, followed by immunofluorescence and then viral culture. The study
population was considered to be pediatric if most (�85%) of the study
subjects were younger than 21 of age or if the investigation was carried out
in a pediatric hospital. Point-of-care testing was defined as a test done
outside a formal laboratory setting by personnel other than trained labo-

ratory personnel. Specimens were considered to have been collected dur-
ing the epidemic season for RSV if they were collected during winter or
early spring. A study was considered to have been industry sponsored if
the industry funded the study or provided index tests to be used in the
study.

The risk of bias of included studies was assessed using the Quality
Assessment of Diagnostic-accuracy studies (QUADAS) 2 tool (26). Risk of
bias assessment was used to present an overall picture of the quality of the
included studies.

Data synthesis and analysis. Data were extracted to construct two-by-
two tables, which were used to calculate the sensitivity and specificity of
the rapid tests in each study. The sensitivity and specificity estimates were
pooled across studies using a bivariate random-effects regression model
(27). The bivariate model takes into consideration the potential tradeoff
between sensitivity and specificity by incorporating this negative correla-
tion into the analysis. Since heterogeneity is usually expected in meta-
analysis of accuracy diagnostic studies, a random-effects model is gener-
ally preferred (27). The model was also used to draw a summary receiver
operating curve plot to graphically depict each study’s sensitivity and
specificity, along with the summary point. Analyses were conducted using
the user-written command midas in STATA (Stata Corp., TX, USA).

Some articles (16 of 71) compared two to four rapid tests using the
same specimens. Since inclusion of these in our meta-analysis would have
resulted in (at least) doubled counting results from certain studies, one
rapid test comparison was selected per study. After we carried out a sen-
sitivity analysis to assess the impact on the overall accuracy of systemati-
cally selecting the most (and then the least) accurate test, the most com-
mon test was selected, favoring those still commercially available.

Substantial heterogeneity in levels of test accuracy was expected, and
subgroup analyses were planned to attempt to explain the heterogeneity.
The following variables were selected a priori as potential sources of het-
erogeneity: population age (children versus adults), genotype of circulat-
ing RSV strain (type A versus type B), brand of rapid test, type of respira-
tory specimen, duration of symptoms before testing, reference standard
used, point-of-care testing, setting and season during which the test was
carried out, blind procedures, and industry sponsoring. These variables
were added as covariates to the bivariate model, providing enough studies
were available in each subgroup. Summary sensitivity and specificity esti-
mates were calculated for each level of a particular covariate, along with
their 95% confidence intervals. A P value below 0.05 was used to decide
whether there were statistically significant differences in accuracy (joint
sensitivity and specificity) across the levels of a particular covariate.

RESULTS
Study selection. After we screened titles and abstracts, 192 articles
were eligible for full text review. Of these, 62 articles (28–89) were
included in the study (Fig. 1). The update of the search in April
2015 yielded 9 new articles (90–98). The full list of excluded stud-
ies, with reasons for exclusion, is available from us upon request.

Study characteristics. Table 1 presents the main characteris-
tics and results of the 71 included studies, while Table 2 summa-
rizes the distributions of the main variables of interest. Most
(83%) studies were conducted in children, and very few (3%)
looked specifically at the adult population. Less than half (44%) of
the studies gave any information about the clinical presentation of
the included patients, and very few (8%) provided information
on the duration of symptoms before testing. Fifteen different
rapid tests were evaluated by the included studies. The most fre-
quently studied were the Abbott TestPack RSV (Abbott Laborato-
ries, North Chicago, IL) (23 studies), the Directigen tests (Direc-
tigen RSV [20 studies] and the newer Directigen EZ RSV [8
studies] [Becton Dickinson, Franklin Lakes, NJ]), and the Binax
NOW RSV (Binax, Inverness Medical, Portland ME) (16 studies).
RT-PCR was the reference standard in 41% of the studies, while

Meta-Analysis of the Accuracy of RSV Rapid Tests

December 2015 Volume 53 Number 12 jcm.asm.org 3739Journal of Clinical Microbiology

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/j

cm
 o

n 
14

 F
eb

ru
ar

y 
20

22
 b

y 
19

3.
14

0.
28

.1
46

.

http://jcm.asm.org


immunofluorescence and culture were each used in half of the
remaining studies.

Risk of bias of included studies. Figure 2 presents an overview
of the risk of bias of included studies, using the QUADAS-2 crite-
ria. Because of our inclusion criteria, all included studies used an
appropriate reference standard. Since culture, immunofluores-
cence, and RT-PCR were considered to be objective tests, whether
or not they were interpreted without knowledge of the results of
the index test was deemed not to impact the risk of bias assess-
ment. However, only 61% of the included studies reported that
index test results were interpreted without knowledge of the
results of the reference standard, an important potential source
of bias with the use of the nonautomated colorimetric tests
(99). Patient selection (consecutive or random) and their ap-

plicability for the research question were difficult to ascertain
for many studies, but very few (3 studies) used a clear case
control design, which, by creating an extreme contrast, can
overestimate a test’s accuracy.

Synthesis of results. Overall, rapid immunoassays for RSV
demonstrated pooled sensitivity of 80% (95% CI, 76 to 83) and
pooled specificity of 97% (95% CI, 96 to 98). This corresponds to
a positive likelihood ratio of 25.5 (95% CI, 18.3 to 35.5) and a
negative likelihood ratio of 0.21 (95% CI, 0.18 to 0.24). Systemat-
ically choosing the most accurate test or the least accurate test in
cases in which a study evaluated two or more rapid tests did not
significantly change the overall accuracy (for the best tests, pooled
sensitivity was 80% [95% CI, 77 to 83] and pooled specificity was
97% [95% CI, 95 to 98]; for the worst tests, pooled sensitivity was

FIG 1 Study selection. A flow chart summarizing evidence search and study selection is shown. (Flow diagram template from reference 25; for more information,
see http://www.prisma-statement.org/.)

Chartrand et al.
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TABLE 1 Characteristics of 71 individual studies included in the reviewa

Study author(s), publication yr
(reference) Population Specimen type(s) Rapid test Reference standard(s)

Total no. of
specimens
(Ref�/Ref�)

Sensitivity
(%) with
95% CI

Specificity
(%) with
95% CI

Aldous et al., 2004 (29) Children NPW Binax IF 87/204 98 (92–100) 97 (94–99)
Aldous et al., 2005 (28) Children NPW Thermo IF 103/227 90 (83–95) 99 (97–100)
Aslanzadeh et al., 2008 (30) Children NPA, NPW Directigen EZ RT-PCR 238/277 80 (74–85) 90 (85–93)
Bell et al., 2014 (90) Children NPA, NPW, NPS Veritor RT-PCR 392/676 76 (71–80) 99 (98–99)
Boivin et al., 2004 (31) Children NPA Abbott RT-PCR 104/100 80 (71–87) 89 (81–94)
Bonroy et al., 2007 (32) Children NPA Respi-Strip RT-PCR 306/472 65 (60–71) 100 (99–100)
Borek et al., 2006 (33) Mixed NPA, NPW Binax IF and culture 49/113 73 (59–85) 100 (97–100)

Xpect IF and culture 48/112 75 (60–86) 98 (94–100)
Bruning et al., 2014 (91) Children NPA, NPS Sofia RT-PCR 24/40 75 (53–90) 98 (87–100)

Binax RT-PCR 25/41 80 (59–93) 100 (91–100)
Casiano-Colon et al., 2003 (34) Adults NPS Directigen RT-PCR 49/41 12 (5–25) 100 (91–100)
Cruz et al., 2007 (35) Children NW Binax Culture 794/13,962 81 (78–84) 93 (93–94)
Dayan et al., 2002 (36) Children NW Abbott Culture 32/142 75 (57–89) 98 (94–100)
Dominguez et al., 1993 (37) Children NW, NS, TS Abbott Culture 23/58 57 (34–77) 98 (91–100)

Directigen Culture 23/58 61 (39–80) 95 (86–99)
Englund et al., 1996 (38) Adults NW, TS, BAL fluid, ET Directigen Culture 56/483 34 (22–48) 99 (97–100)
Freymuth et al., 1991 (39) Children NA Directigen IF 110/75 93 (86–97) 84 (74–91)
Garea et al., 1992 (40) Children NPA, NPW Abbott IF 40/11 93 (80–98) 100 (72–100)
Ginocchio et al., 2010 (41) Mixed NPA, NPS, NA, NW 3M IF and culture 443/863 87 (83–90) 96 (94–97)
Goodrich and Miller, 2007 (42) Mixed NPA Directigen RT-PCR 79/63 59 (48–70) 98 (91–100)
Gregson et al., 2005 (43) Children NPA Respi-Strip IF 115/121 92 (86–96) 98 (94–100)
Grondahl et al., 2005 (44) Children NPA Abbott RT-PCR 63/419 77 (65–87) 98 (96–99)
Halstead et al., 1990 (45) Children NA Abbott Culture 57/60 98 (91–100) 95 (86–99)

Directigen Culture 57/60 74 (60–84) 73 (60–84)
Holter et al., 1998 (46) Children NPA Abbott IF 118/228 83 (75–89) 86 (81–91)
Jang et al., 2015 (94) Mixed NPA, NPS Sofia RT-PCR 198/150 69 (62–75) 97 (92–99)

Binax RT-PCR 198/150 64 (57–71) 100 (98–100)
Bioline RT-PCR 198/150 65 (58–71) 100 (98–100)

Kanwar et al., 2015 (95) Children NPA, NPS Veritor RT-PCR 104/96 81 (72–98) 100 (96–100)
Sofia RT-PCR 104/96 71 (61–80) 100 (96–100)

Khanom et al., 2011 (47) Children NPS Binax RT-PCR 51/108 41 (28–56) 100 (97–100)
Kok et al., 1990 (48) Children NPA Directigen Culture 52/531 62 (47–75) 90 (87–93)
Krilov et al., 1994 (49) Children NPA, NPW Abbott IF 66/71 92 (83–97) 93 (84–98)
Kuroiwa et al., 2004 (50) Children NPS Directigen EZ RT-PCR 79/23 70 (58–79) 100 (85–100)

SAS RT-PCR 79/23 84 (74–91) 91 (72–99)
Leonardi et al., 2015 (96) Mixed NPS Directigen EZ RT-PCR 40/190 70 (54–83) 100 (97–100)

QuickVue RT-PCR 40/190 58 (41–73) 100 (97–100)
Sofia RT-PCR 40/190 85 (70–94) 96 (93–99)
Veritor RT-PCR 40/190 73 (56–85) 97 (94–99)

Liao et al., 2009 (51) Mixed NPA, NPS Binax Culture and RT-PCR 115/155 82 (73–88) 99 (95–100)
Lipson and Krilov, 1994 (52) Children NPA Directigen IF 48/76 90 (77–97) 95 (87–99)
Mackenzie et al., 1999 (53) Children NPA Abbott IF 63/31 79 (67–89) 97 (83–100)
Mendoza et al., 1992 (54) Children NW Directigen Culture 101/149 62 (52–72) 77 (69–83)

Abbott Culture 101/149 64 (54–74) 87 (80–92)
Miernyk et al., 2011 (55) Children NPW Binax RT-PCR 79/232 72 (61–82) 97 (94–99)
Miller et al., 1993 (56) Children NPA Abbott IF 107/81 90(82–95) 90 (81–96)
Mills et al., 2011 (57) Children NPA, NPW Binax RT-PCR 325/254 83 (79–87) 83 (78–87)
Mokkapati et al., 2007 (58) Mixed NPW Directigen Culture 19/59 79 (54–94) 98 (91–100)
Munjal et al., 2011 (59) Children NPS 3M RT-PCR 88/235 74 (63–83) 100 (98–100)
Nakao et al., 2014 (92) Children NPS Mixedb RT-PCR and culture 19/31 79 (54–94) 100 (89–100)
Ohm-Smith et al., 2004 (60) Mixed NPA, NPW, NPS, NA,

NW, NS
Binax Culture 35/83 89 (73–97) 100 (96–100)
Directigen Culture 47/133 77 (62–88) 96 (91–99)
Directigen EZ Culture 22/66 59 (36–79) 98 (92–100)

Olsen et al., 1993 (61) Children NPW Abbott Culture 171/231 95 (90–98) 97 (94–99)
Papenburg et al., 2013 (62) Children NPA Binax RT-PCR 463/257 80 (76–83) 97 (94–99)
Pfeil et al., 2014 (93) Children NPW Binax RT-PCR 134/108 63 (55–72) 100 (97–100)
Rath et al., 2012 (63) Children NPA, NPS QuickVue RT-PCR 59/335 68 (54–79) 99 (97–100)
Reijans et al., 2008 (64) Children NW Respi-Strip RT-PCR 18/15 67 (41–87) 87 (60–98)
Reina et al., 2004 (65) Children NPA Directigen Culture 1,577/3,373 81 (79–83) 98 (97–98)
Ribes et al., 2002 (66) Mixed NPA, NW, TS, ET Directigen Culture 44/137 84 (70–93) 89 (83–94)
Rothbarth et al., 1991 (67) Children NPA Directigen IF 57/89 89 (78–96) 80 (70–88)

Abbott IF 68/95 76 (65–86) 96 (90–99)
Sanchez-Yebra et al., 2012 (68) Children NW TRU RT-PCR and culture 53/107 58 (44–72) 98 (93–100)
Schwartz et al., 2015 (97) Children NPS Veritor RT-PCR 179/344 82 (75–87) 99 (98–100)
Schauer et al., 2007 (69) Children NPA Directigen RT-PCR 93/147 55 (44–65) 93 (88–97)

Abbott RT-PCR 273/388 69 (63–74) 92 (89–95)
Selvarangan et al., 2008 (70) Children NPA Directigen EZ Culture 42/57 93 (81–99) 79 (66–89)

Binax Culture 42/57 90 (77–97) 82 (70–91)
Shirato et al., 2007 (71) Children NPA Directigen EZ RT-PCR 29/17 86 (68–96) 94 (71–100)
Slinger et al., 2004 (72) Children NPA QuickLab IF 75/45 93 (85–98) 96 (85–99)

Directigen IF 73/46 81 (70–89) 100 (92–100)
Smith et al., 1991 (73) Children NPA Abbott Culture 19/26 84 (60–97) 96 (80–100)
Subbarao et al., 1989 (74) Children NPS Abbott IF 85/71 92 (84–97) 93 (84–98)
Swierkosv et al., 1989 (75) Children NPS Abbott IF 103/118 86 (78–92) 82 (74–89)
Thomas and Book, 1991 (76) Children NPW, TS, ET Abbott IF 55/79 89 (78–96) 97 (91–100)
Tillmann et al., 2007 (77) Children NPA Binax RT-PCR 62/189 77 (65–87) 98 (95–99)
Todd et al., 1995 (78) Children NPW Abbott IF 31/34 77 (59–90) 100 (90–100)
Tuttle et al., 2015 (98) Children NPS, NS Sofia RT-PCR 145/541 79 (71–85) 94 (92–96)
Ushio et al., 2005 (79) Mixed NPA Abbott RT-PCR 42/8 81 (66–91) 100 (63–100)
Van Beers et al., 1991 (80) Children NPA Directigen Culture 116/439 76 (67–83) 78 (73–81)

(Continued on following page)
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79% [95% CI, 75 to 82] and pooled specificity was 96% [95% CI,
95 to 98]). As shown in the summary receiver operating charac-
teristic (SROC) plot in Fig. 3, there was a greater variation in
sensitivity (from 12.2% to 98.3%) than specificity (from 67.1% to
100%) across studies, with only 13% of the reports indicating
specificity estimates below 85%. Forest plots of individual studies
and pooled sensitivity and specificity estimates are presented in
Fig. S1 in the supplemental material.

Investigation of heterogeneity. In an attempt to explain the
observed heterogeneity in test accuracy (mainly in terms of sensi-
tivity), subgroup analyses were conducted. Table 3 presents the
accuracy estimates for the different subgroups.

Rapid tests for RSV were significantly more sensitive in chil-
dren than in adults, with pooled sensitivity of 81% (95% CI, 78
to 84) in children and pooled sensitivity of only 29% (95% CI,
11 to 48) in adults. Because of this important disparity in terms
of sensitivity and the relatively small number of studies in
adults, the rest of the subgroup analyses were conducted exclu-
sively in children (pediatric studies and pediatric subgroup
data from mixed-population studies) to alleviate the con-
founding that would result from an unbalanced distribution of
adults and children between levels of another variable. Eight
studies were thus excluded from the other subgroup analyses.

As expected, rapid tests for RSV performed worst in assess-
ments against RT-PCR (pooled sensitivity, 74% [95% CI, 71 to
78]) and better in assessments against immunofluorescence
(pooled sensitivity, 88% [95% CI, 86 to 91]) or culture (pooled
sensitivity, 83% [95% CI, 79 to 88]) owing to the higher accuracy
of RT-PCR.

Test accuracy results were fairly similar between the differ-
ent rapid tests and the different types of specimens used (Table
3). Two immunoassays recently cleared by the FDA that em-
ploy an instrument-based digital scan of the test strip to im-
prove accuracy, the BD Veritor RSV (Becton, Dickinson and
Company, Franklin Lakes, NJ) and the Quidel Sofia RSV
(Quidel Corporation, San Diego, CA), were evaluated in 4 and
5 studies, respectively. However, when two or more index tests
were evaluated in a study, our prespecified selection criterion
employed to determine which results should be included in our
pooled analyses was the use of the most commonly evaluated

method. Consequently, too few studies of these two automated
immunoassays were available to be included in our pooled sub-
group analyses for bivariate random-effect models to converge.
Nevertheless, analyzed separately, the pooled accuracy esti-
mates from the 4 BD Veritor RSV studies (sensitivity, 76%
[95% CI, 72 to 80]; specificity, 99% [95% CI, 98 to 99]) and the
5 Quidel Sofia RSV studies (sensitivity, 77% [95% CI, 71 to 82];
specificity, 97% [95% CI, 93 to 98]) were similar to those of our
overall results of RADTs compared to a reference standard of
RT-PCR.

Neither the clinical setting in which the test was performed
nor whether or not it was done at the point of care had a
significant impact on RADT accuracy. As well, methodological
issues, such as whether the samples were collected during the
epidemic season for RSV or whether the rapid tests were inter-
preted without knowledge of the result of the reference stan-
dard, did not have a statistically significant effect on the pooled
accuracy estimates, although studies that reported blind pro-
cedures of the rapid test tended to have lower pooled sensitivity
(79% versus 84%, P � 0.11). Industry-sponsored studies re-
ported significantly higher sensitivity for rapid tests for RSV
(pooled sensitivity of 87% [95% CI, 83 to 90] compared to 78%
[95% CI, 75 to 82] for studies not sponsored by the industry).
Since the year 2000, the proportions of studies that included
RT-PCR as the reference standard were not significantly differ-
ent between those sponsored by industry and those not spon-
sored by industry (50% and 72%, respectively; P � 0.25). We
did not analyze studies published before 2000 for this last com-
parison because RT-PCR was not widely available prior to that
time and because only one pre-2000 publication reported RT-
PCR results (88).

Too few studies gave information on symptom duration
before testing to allow us to do pooled analyses. Similarly, only
5 studies compared the sensitivities of the rapid test for detect-
ing RSV type A and RSV type B (specificity could not be calcu-
lated since the rapid tests do not discriminate between the dif-
ferent genotypes). Results of analyses of the effect of RSV
genotype on RADT accuracy are presented in Table S2 in the
supplemental material.

TABLE 1 Continued

Study author(s), publication yr
(reference) Population Specimen type(s) Rapid test Reference standard(s)

Total no. of
specimens
(Ref�/Ref�)

Sensitivity
(%) with
95% CI

Specificity
(%) with
95% CI

Vaz-de-Lima et al., 2008 (81) Children NPA, NS Directigen EZ RT-PCR 132/174 80 (72–86) 95 (91–98)
Waecker et al., 1993 (82) Children NW, curette Abbott Culture 15/11 67 (38–88) 91 (59–100)
Walsh et al., 2014 (83) Children NA, NS Directigen RT-PCR 257/350 79 (74–84) 67 (62–72)
Waner et al., 1990 (84) Children NPW Directigen IF 102/174 87 (79–93) 91 (85–95)
Wren et al., 1990 (85) Children NPW Abbott Culture 93/125 91 (84–96) 84 (76–90)
Wyder-Westh et al., 2003 (86) Children NPA Thermo Culture and RT-PCR 22/8 86 (65–97) 75 (35–97)

Binax Culture and RT-PCR 22/8 86 (65–97) 100 (63–100)
Yen and Demmler-Harrison, 2011 (87) Children NW Mixedc Culture 445/3,246 90 (87–93) 88 (87–89)
Yoshio et al., 1996 (88) Children NS Abbott RT-PCR 9/5 44 (14–79) 100 (48–100)
Zheng et al., 2004 (89) Children NPW Directigen EZ Culture 37/52 89 (75–97) 92 (81–98)

Directigen Culture 37/52 86 (71–95) 90 (79–97)
Binax Culture 37/52 95 (82–99) 88 (77–96)

a Ref�/Ref�, reference specimens with positive results/reference specimens with negative results; IF, immunofluorescence; NPA, nasopharyngeal aspirate; NPS, nasopharyngeal
swab; NPW, nasopharyngeal wash; NA, nasal aspirate; NS, nasal swab; NW, nasal wash; TS, throat swab; ET, endotracheal aspirate; curette, nasal curette. Abbott, Abbott TestPack
RSV; Binax, Binax NOW RSV; Directigen, Directigen RSV; Directigen EZ, DirectigenEZ RSV; Thermo, Thermo (Electron) RSV OIA; Respi-Strip, RSV Respi-Strip; 3M, 3M Rapid
Detection RSV test; Xpect, Xpect RSV; SAS, SAS RSV test; TRU, TRU RSV; QuickLab, QuickLab RSV test; QuickVue, QuickVue RSV IO; Veritor, BD Veritor RSV; Sofia, Quidel
Sofia RSV; Bioline, SD Bioline RSV.
b Binax NOW RSV, QuickNavi TM-RSV, and Immunocard STAT RSV.
c Binax NOW RSV, Abbott TestPack RSV, and Directigen EZ RSV.
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DISCUSSION

This systematic review and meta-analysis is the first to synthe-
size the available evidence on the diagnostic accuracy of RSV
RADTs. Overall, we observed that these simple and rapid assays
displayed consistently high specificity (97%) and positive like-
lihood ratio (25.5) results. Therefore, physicians can diagnose
RSV ARI with confidence on the basis of a positive RSV RADT
result. Timely and accurate diagnosis of RSV has the potential
to improve patient care and decrease health care costs by per-
mitting prompt hospital infection control measures (13–15,
57) and by decreasing unnecessary antibiotic use (7–9) and
unneeded ancillary investigations (e.g., chest radiography,
blood cultures, and urine cultures) (10, 11).

A key finding of our study is that RSV RADTs demonstrated a
sensitivity of only 29% in adults. It should be noted that this
pooled estimate of sensitivity is based on relatively limited data: 4
studies that evaluated RSV RADTs in 738 adults, including elderly
and immunocompromised subjects (33, 34, 38, 60). However,
poorer sensitivity with advancing age is expected, because prior
immunity, although insufficient to protect against reinfection, di-
minishes viral titers in respiratory secretions as well as the dura-
tion of viral shedding (22, 100, 101). Given the observed lack of
sensitivity of RSV RADTs in adults, their utility in this population,
especially among the elderly and the immunocompromised, is
probably very limited. In children, we observed an overall pooled
sensitivity of 81%. This level of accuracy is likely to be considered
acceptable by many users. However, among pediatric studies, in
comparisons of RADTs to RT-PCR, pooled sensitivity decreased
to 74%. Therefore, clinicians need to be aware of the possibility of
false-negative RADT results in children and should consider re-
testing a negative sample by a more sensitive method, e.g., RT-
PCR, if the result could influence patient management. From a
public health perspective, because clinical laboratories that pro-
vide data to RSV surveillance systems frequently use RADTs (21,
102), test sensitivity must be taken into account to avoid under-
estimating the burden of RSV-associated disease.

We found that choice of reference standard by the investigators
significantly affected RADT sensitivity estimates. Studies that em-
ployed only viral culture or immunofluorescence as a comparator
exhibited pooled sensitivities that were 9% or 14% higher, respec-
tively, than those that used RT-PCR. RSV diagnostic research that
does not use RT-PCR as a reference standard is therefore likely to
overestimate RADT accuracy. However, using RT-PCR in the
clinical setting, it has been observed that this method may detect
asymptomatic or very low levels of viral shedding, which could
sometimes be of questionable significance (103).

Among the 63 pediatric studies included in our subgroup anal-
yses, approximately one-third declared industry sponsorship in
the form of funding or in kind provision of study materials. These
industry-sponsored studies produced significantly higher sensi-
tivity estimates (87% versus 78%; P � 0.01). There is considerable
evidence that industry-sponsored biomedical research tends to
produce proindustry results (104). Our finding might be partially
explained by industry preferentially supporting study designs that
favor the performance of their product (105), e.g., the index test,
by the systematic use of a less accurate comparator. While the
proportion of industry-sponsored studies published since the year
2000 that used RT-PCR was smaller than that of nonsponsored
studies, this difference was not statistically significant (50% versus
72%; P � 0.25). Publication bias, the phenomenon of favorable
results being published more frequently than negative results, has
also been hypothesized to contribute to associations between in-
dustry sponsorship and study outcomes (104). We could not
formally assess publication bias because the methods typically em-
ployed for its detection are not reliable when used with diagnostic-
accuracy data (27).

Two novel RADT platforms use automated instruments, the
BD Veritor System and the Quidel Sofia Analyser, to read the
signal produced by the test strip. These newer-generation RADTs
eliminate the potential subjectivity of an operator visualizing and
interpreting test results, which can lead to improved assay perfor-
mance (106). However, the pooled estimates of the sensitivities of
these novel RSV RADTs (76% and 77% compared to RT-PCR)

TABLE 2 Characteristics of 71 included studies

Study characteristic(s) No. of studies (%)

Population
Children 59 (83)
Adults 2 (3)
Mixed 10 (14)

Commercial rapid test(s) for RSVa

Abbott TestPack RSV 23 (25)
Directigen RSV 20 (22)
Directigen EZ RSV 8 (9)
Binax NOW RSV 16 (17)
BD Veritor RSV 4 (4)
Sofia RSV 5(5)
Mixed testsb 2 (2)

Reference standard
RT-PCR 29 (41)
Immunofluorescence 17 (24)
Culture (including shell vial) 19 (27)
Combinationc 6 (8)

Type of specimend

Nasopharyngeal aspirate or wash 37 (52)
Nasopharyngeal swab 9 (13)
Nasal aspirate or wash 8 (11)
Mixed 16 (23)

Duration of symptoms before testing
Any information 6 (8)

Clinical presentation
Any information 31 (44)

Point-of-care testing
Yes 10 (14)

Setting in which the test was performed
Emergency or clinic 12 (17)
Hospital or intensive care unit 20 (28)

a Since some of the studies compared two or more rapid tests to the same reference
standard on the same specimens, the total number of studies for this characteristic is 92.
Other assays studied included RSV Respi-Strip (3 studies), Thermo Electron RSV OIA
(2), 3M Rapid Detection RSV test (2), QuickVue RSV 10 (2), Xpect RSV (1), SAS RSV
test (1), TRU RSV (1), QuickLab RSV test (1), and SD Bioline RSV (1).
b Two or more rapid tests were used concomitantly without separate data on the results
of each test.
c Reference standard, combination of two or more of the acceptable reference standards
(RT-PCR, immunofluorescence, and viral culture).
d Other types of specimens included nasal washes (1 study).
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were not substantially different from those of other assays in our
review. This is in keeping with our overall finding that the levels of
accuracy did not differ significantly across commercial brands.

The evidence base for this review has potential limitations. We
highlight a nearly uniform lack of important contextual informa-
tion among included studies. Data that are not readily available to
laboratory practitioners, such as clinical manifestations, presence
of comorbidities, and duration of symptoms, are relevant because
they could affect RADT accuracy. Also, patient age clearly influ-
ences test performance. Although we were able to broadly stratify
data into pediatric and adult age groups, we could not perform
finer analyses on the effect of age, as further age subcategories were
not uniformly reported, if at all. Finally, we were unable to draw
any conclusions about the effect of RSV genotype on RADT sen-
sitivity because too few studies used a comparator that could dis-
tinguish RSV-A from RSV-B.

Because of their simplicity and speed, RSV RADTs are con-
sidered by many clinical laboratories to be valuable diagnostic
tools, despite their modest sensitivity compared to more-com-
plex diagnostic methods such as RT-PCR. Novel, highly accu-
rate rapid molecular assays for RSV that may be just as fast and
easy to operate as RADTs are currently in development (20,
107). Nevertheless, the relatively low cost of commercial RSV
RADTs and the advent of newer assays with automated readers
are likely to ensure their continued widespread use in the near
future, particularly in children. Therefore, understanding their
performance characteristics is important to inform diagnostic

FIG 2 Risk of bias of included studies. Data represent the risk of bias of included studies as assessed by reviewers using the Quality Assessment of Diagnostic
Accuracy Studies (QUADAS) 2 tool.

FIG 3 Hierarchical summary receiver operating characteristic curve plot
of RSV rapid antigen detection test diagnostic-accuracy studies. Individual
studies (n � 71) are shown as open circles. The summary operating point is
shown as a closed diamond (with surrounding 95% confidence and predic-
tion contours), representing sensitivity (SENS) and specificity (SPEC) es-
timates pooled by using a bivariate random-effects regression model. The
hierarchical summary receiver operating characteristic curve (SROC) is
shown as a solid line. AUC, area under the curve.
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laboratory researchers who must decide upon their implemen-
tation, clinicians who rely on RSV RADTs to guide patient
management, and public health authorities who must interpret
RSV surveillance data that utilize RADT results. Our systematic
review and meta-analysis suggest that the very poor pooled
sensitivity of RSV RADTs in adults may preclude their use in
this population. We also found that studies published to date
that were sponsored by industry produced higher index test

sensitivity estimates. Finally, diagnostic-accuracy studies that
did not use RT-PCR as a reference standard likely produced
overestimates of RSV RADT sensitivity.

ACKNOWLEDGMENTS

We thank Nandini Dendukuri for helpful discussions regarding data anal-
ysis and Patricia S. Fontela for her thoughtful review of the manuscript.

TABLE 3 RSV RADT accuracy estimates from subgroup analysesa

Study characteristic(s) (no. of
studies)

Pooled sensitivity
(95% CI)

Pooled specificity
(95% CI)

P value for the
joint modele

Populationb

Children (63) 0.81 (0.78–0.84) 0.96 (0.95–0.98) <0.001
Adults (4) 0.29 (0.11–0.48) 0.99(0.98–1.00) Ref. Cat.

Index testc

Abbott TestPack RSV (22) 0.83 (0.79–0.88) 0.95 (0.92–0.98) 0.30d

Directigen RSV (10) 0.80 (0.73–0.87) 0.93 (0.87–0.98) 0.08d

Directigen EZ RSV (4) 0.79 (0.67–0.91) 0.96 (0.90–1.00) 0.83d

Binax NOW RSV (13) 0.81 (0.74–0.87) 0.97 (0.95–0.99) 0.71d

RSV Respi-Strip (3) 0.79 (0.65–0.93) 0.99 (0.97–1.00) 0.29d

Type of specimenc

NP aspirate or wash (37) 0.83 (0.80–0.86) 0.96 (0.94–0.98) 0.06
Nasal aspirate or wash (10) 0.82 (0.75–0.90) 0.93 (0.89–0.98) 0.11
NP swab (10) 0.78 (0.68–0.89) 0.99 (0.97–1.00) 0.28
Mixed (11) 0.73 (0.65–0.81) 0.97 (0.95–0.99) Ref. Cat.

Reference standardd

RT-PCR (25) 0.74 (0.71–0.78) 0.98 (0.96–0.99) Ref. Cat.
Immunofluorescence (17) 0.88 (0.86–0.91) 0.96 (0.93–0.99) <0.001
Culture (16) 0.83 (0.79–0.88) 0.93 (0.89–0.97) 0.01

Testing at the point of carec

POCT (11) 0.78 (0.71–0.86) 0.98 (0.96–1.00) 0.42
Not POCT (52) 0.81 (0.79–0.84) 0.96 (0.95–0.97) Ref. Cat.

Setting in which the test was carriedc

ED or clinic (9) 0.76 (0.69–0.84) 0.97 (0.95–1.00) 0.11
Hospital ward or ICU (19) 0.77 (0.71–0.83) 0.97 (0.95–0.98) 0.09
Mixed (34) 0.84 (0.81–0.88) 0.96 (0.94–0.97) Ref. Cat.

Season of the studyc

During RSV season (44) 0.81 (0.78–0.85) 0.97 (0.95–0.98) 0.71
Outside of RSV season (19) 0.81 (0.76–0.86) 0.96 (0.93–0.98) Ref. Cat.

Blind index testc

Any blind procedure reported (36) 0.79 (0.75–0.83) 0.96 (0.94–0.98) 0.11
No blind procedure reported (27) 0.84 (0.80–0.88) 0.97 (0.95–0.98) Ref. Cat.

Industry sponsorshipc

Sponsored (19) 0.87 (0.83–0.90) 0.96 (0.94–0.98) 0.01
Not sponsored (44) 0.78 (0.75–0.82) 0.97 (0.95–0.98) Ref. Cat.

a RSV, respiratory syncytial virus; RADT, rapid antigen detection test; Ref. Cat., reference category; CI, confidence interval; NP, nasopharyngeal; POCT, point-of-care testing; ED,
emergency department; ICU, intensive care unit.
b Data for children include results from 59 studies examining exclusively pediatric subjects and 4 mixed studies of adults and children from which data on the pediatric subgroup
were available. Data for adults include results from 2 studies examining exclusively adult subjects and 2 mixed studies of adults and children from which data on the adult subgroup
were available.
c The indicated analyses were done using only pediatric data from studies that included only children or the subgroup of children from studies with a mixed population that
provided data stratified by age (n � 63 studies). Eight adult-only or mixed studies (from which data on pediatric subgroup were not available) were excluded from these subgroup
analyses.
d Reference category is the combination of the other two reference standard methods.
e Bold font indicates a statistically significant difference.
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