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Evaluation of 11 Commercially Available Rapid Influenza Diagnostic Tests —
United States, 2011-2012

Accurate diagnosis of influenza is critical for clinical man-
agement, infection control, and public health actions to
minimize the burden of disease. Commercially available rapid
influenza diagnostic tests (RIDTs) that detect the influenza
virus nucleoprotein (NP) antigen are widely used in clinical
practice for diagnosing influenza because they are simple to use
and provide results within 15 minutes; however, there has not
been a recent comprehensive analytical evaluation of available
RIDTs using a standard method with a panel of representative
seasonal influenza viruses. This report describes an evaluation
of 11 Food and Drug Administration (FDA)-cleared RIDTs
using 23 recently circulating influenza viruses under identical
conditions in a laboratory setting to assess analytical perfor-
mance. Most RIDTs detected viral antigens in samples with
the highest influenza virus concentrations, but detection varied
by virus type and subtype at lower concentrations. Clinicians
should be aware of the variability of RIDTs when interpreting
negative results and should collect test samples using methods
that can maximize the concentration of virus antigen in the
sample, such as collecting adequate specimens using appropri-
ate methods in the first 24-72 hours after illness onset. The
study design described in this report can be used to evaluate
the performance of RIDTs available in the United States now
and in the future.

As part of a collaboration between CDC, the Biological
Advanced Research and Development Authority, and the
Medical College of Wisconsin (MCW), CDC provided
16 influenza A and seven influenza B viruses to MCW 1o
evaluate RIDTs commercially available during the 201112
influenza season (Table). Stock viruses were representative of
viruses circulating in the United States since 2006 and were
characterized by their 50% egg infectious dose (EIDs5o/mL,
a measure of virus infectivity). In addition, the concentration
of influenza virus NP antigen (the antigen detected by RIDT)
was measured as p#g/mL using isotope dilution tandem mass
spectrometry (). EIDsg/mL values were at least as high as
those reported in human clinical specimens (2—4). MCW
prepared swab samples or mock nasal wash specimens from
several dilutions of each virus in saline. For nine of 11 RID TS,
50 4L of virus dilution was applied to swabs provided in the
test kit or swabs described in the manufacturer’s instructions for
use. Two RIDTs (both manufactured by SA Scientific) require
use of nasal wash specimens. Therefore, for the SA Scientific
tests, 50 4L from each virus dilution first was added to saline.
All samples, either prepared swabs or liquid, were added to
RIDTs and incubated, with results interpreted as described in

the instructions for use. Three separate tests were performed
for each combination of virus and RIDT.

The numbers of RIDTs that were positive (defined as at
least two positive results of the three tests performed) at each
dilution for each of the 23 influenza viruses were compared
(Table). RIDTs overall had fewer positive results with viruses
that had the lowest stock NP concentrations (<2 p#g/mL). Each
influenza virus had variable levels of positivity with RIDTs,
suggesting that several viruses of each type and subtype should
be evaluated with each RIDT on a regular basis. NP levels of
influenza B virus stocks generally were higher, and the first
two dilutions were detected more uniformly than for influenza
A viruses. No significant performance differences were noted
for B/Victoria or B/Yamagara lineages of influenza B viruses.

The numbers of positive test results for each of the
11 RIDTs by influenza virus type and influenza A sub-
group were compared (Figure). One RIDT (SAS FluAlert
Influenza A [SA Scientific]) did not uniformly detect
influenza A (H1N1)pdm09 (pH1N1) virusesor other influenza A
viruses at high concentrations. Four RIDTs detected the majority
of influenza B viruses in third dilution samples, whereas only one
RIDT (BD Directigen EZ Flu A+B [Becton, Dickinson and Co.])
detected at least 50% of all influenza A viruses in third
dilution samples.
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Editorial Note

Before the emergence of influenza A (HIN1)pdm09 viruses
in 2009, published reports showed variable performance
of RIDTs, with reported sensitivities ranging from 27% to
61% when compared with real-time reverse transcription—
polymerase chain reaction (PCR) testing (5). During the
A (HIN1)pdm09 pandemic, clinicians, researchers, and
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TABLE. Number of positive RIDT results, by virus subtype/lineage and dilution — United States, 2012

No. of positive RIDT results* at each dilution’

Virus stack Stock NP concentration
Subtype/Lineage (logqg EIDsg/mL) (ug/mL) 10710 10°1:5 1020 1025 10730
A/California/7/2009 (pH1N1) 7.7 29 9 7 1 0 0
A/California/8/2009 (pH1N1) 8.2 3.6 10 5 1 0 0
A/Mexico/4108/2009 (pH1N1) 73 1.0 9 4 0 0 o}
A/New York/18/2009 (pH1N1) 8.2 57 10 7 2 0 0
AfHong Kong/2652/2006 (H1N1) 9.2 ND 10 7 0 0 0
A/Cambodia/371/2007 (H1N1) 3.4 ND 10 10 4 0 0
A/Florida/3/2006 (H1N1) 8.1 ND 9 3 0 0 0
A/South Dakota/06/2007 (H1N1) 8.9 ND 10 9 5 0 0
A/Brisbane/59/2007 (H1N1) 9.2 ND 11 10 8 1 0
A/Solomon Islands/3/2006 (H1N1) 84 ND 7 2 0 0 0
A/Brishane/10/2007 (H3N2) 76 54 11 9 6 0 0
A/Perth/16/2009 (H3N2) 8.0 1.4 9 5 0 0 a0
A/Wisconsin/15/2009 (H3N2) 6.8 1.6 10 5 ] 0 0
A/Santiago/7981/2006 (H3MN2) 8.9 36 10 Z 5 0 g
A/Uruguay/716/2007 (H3N2) 8.9 72 10 8 5 0 0
A/Henan/Jinshui/147/2007 (H3N2) 8.7 3.3 10 8 3 1 0
B/Bangladesh/5278/2006 (Victoria lineage) 8.5 42 10 6 1 0 0
B/Pennsylvania/5/2007 (Victoria lineage) 83 7.9 1 11 4 0 0
B/Brisbane/60/2008 (Victoria lineage) 8.0 54 11 10 4 1 0
B/Victoria/304/2006 (Victoria lineage) 89 9.6 11 11 7 0 0
B/Brisbane/3/2007 (Yamagata linsage) 73 45 i1 9 5 0 0
B/Florida/4/2006 (Yamagata lineage) 838 9.7 1 1 8 3 0
B/Pennsylvania/7/2007 (Yamagata lineage) 75 6.3 11 10 6 0 0

Abbreviations: RIDT = rapid influenza diagnostic test; NP = nucleoprotein; ND = not determined.

* Having at least two of three replicates positive.
T A maximum of 11 test kits could be positive for each dilution.

regulators questioned whether RIDTs could detect the newly
emerging virus. CDC reported that 1) sensitivities of three
commonly used RIDTs ranged from 40% to 69% with
influenza A (HIN1)pdm09 archived clinical specimens com-
pared with CDC’s A (H1N1)pdm09 PCR assay and 2) higher
virus loads led to a greater likelihood of a positive result (6).
These findings prompted recommendations for clinicians to
use caution when interpreting results of RIDTs. Recently, the
performances of selected RIDTs for detecting the influenza A
(H3N2) variant virus were evaluated and were found to vary
considerably (7).

Previous reports of RIDT performance often used different
volumes or amounts of virus propagated under different condi-
tions and did not evaluate the majority of commercially avail-
able, FDA-cleared RIDTs. For the evaluation described in this
report, efforts were made to 1) use identical viral concentrations
for each kit tested, 2) use all 11 commercially available, FDA-
cleared RIDTs for the 2010-11 influenza season, and 3) use a
diverse collection of 23 more recent influenza viruses to allow
fora more finely detailed characterization of test performance.
The analytical sensitivity of the evaluation varied across test
kits as well as with different influenza viruses, indicating that
test performance for some RIDTs drops significantly with
decreasing virus concentration.

The findings in this report further emphasize the impor-
tance of collecting respiratory specimens when the amount of
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influenza virus is at its peak (within 24—72 hours of symptom
onset). The high virus concentrations at which the evaluated
FDA-cleared RIDTs detected recent circulating viruses might
exceed levels expected in clinical specimens, even those col-
lected at the peak of virus load in the specimen (2—4). Although
all RIDTs were able to detect virus at the highest virus con-
centrations, some were unable ro detect certain viruses at any
subsequent dilution. Manufacturers use different antibodies
in their RIDTs to capture NP antigen, and this difference in
antibody selection might account for some of the variation
in performance. Periodic evaluation of RIDT performance
in detecting current or recently circulating influenza viruses
might identify needed updates in antibodies used in com-
mercial RIDTs. In addition, given the narrow range of virus
concentrations that can be detected by the majority of RIDT5,
clinicians should follow best practices for specimen collection
and timing to maximize the number of influenza viruses per
specimen and improve the clinical utility of the test.

These findings do not reflect the RIDTS performance in
clinical settings. Ideally, RIDT performance should be evalu-
ated using respiratory specimens from patients with influenza-
like illnesses; however, performing a study to evaluate the
performances of 11 RIDTs using specimens collected in a
standard manner from enough patients with influenza-like
illness to include 23 circulating influenza viruses presents a
tremendous challenge. The methods described in this report
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FIGURE. Number of positive samples in each dilution and percentage of positive samples in each virus group, by RIDT kit — United States, 2012
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Abbreviation: RIDT = rapid influenza diagnostic test.

# Four influenza A (H1N1) 2009 pandemic (pH1N1) viruses with three samples at each dilution (12 possible positive samples for each dilution).
T Six pre-pandemic “seasonal”influenza A (H1N1) viruses with three samples at each dilution (18 possible positive samples for each dilution).
5 Six influenza A (H3M2) viruses with three samples at each dilution (18 possible positive samples for each dilution).
9 Seven influenza B viruses with 3 samples at each dilution (21 possible posiive samples for each dilution).

#= CLIA-waived (i.e., exempt from all regulatory procedures typically required under Clinical Laboratory Improvement Amendments). -

avoid the variability in the quality and virus concentration of
specimens inherent in clinical studies. This evaluation also pro-
vides a baseline for assessing analytical variability with RIDTs
over time as human seasonal influenza viruses evolve, and for
rapidly determining RIDT performance as novel influenza
viruses emerge.

Clinicians and laboratorians should be aware of the limita-
tions of RIDTs. Performance reported in analytical studies

depends on the characteristics of selected viruses and their
growth characteristics as well as the affinity of antibodies used
in RIDTs. These findings highlight the need for clinicians
and laboratorians to use RIDTs cautiously for diagnostic,
treatment, and infection control decisions in clinical settings.
Because of variability in RIDT performance, especially at
lower viral concentrations, negative RIDT test results might
not exclude influenza virus infection in patients with signs and
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What is already known on this topic?

Accurate diagnosis of influenza is critical for clinical manage-
ment, infection conirol, and public health actions. Rapid
influenza diagnostic tests (RIDTs) are widely used in clinical
practice, but their abilities to detect a range of influenza viruses
in recent circulation have not been evaluated comprehensively.
What is added by this report?

Eleven Food and Drug Administration-cleared RIDTs were
evaluated using a panel of 23 recently circulating influenza
viruses. Most tests detected viral antigen in samples at the
highest concentrations, but detection varied by test and viral
type and subtype at lower concentrations.

What are the implications for public health practice?

Clinicians should be aware of the variability of RIDTs when
interpreting negative results and should collect test samples
using methods that can maximize the concentration of virus
antigen in the sample by collecting specimens with appropriate
methods within 24-72 hours after illness onset. The use of these
tests for clinical management and public health practice can be
improved by continually updating guidance, educating
clinicians on best practices, and enhancing test design for better
performance. The study design described in this report can be
used for future evaluations of the sensitivity and performance of
rapid influenza tests available in the United States.

symptoms suggestive of influenza. Therefore, antiviral treat-
ment, if indicated, should not be withheld from patients with
suspected influenza because they have a negative RIDT test
result (8). Clinicians and laborarorians can take measures to
improve detection of influenza, such as 1) collecting specimens
early in the course of illness, 2) ensuring that the appropriate
type and highest quality of respiratory specimen is collected,
and 3) using the current local prevalence of influenza activity
to raise or lower the suspicion of influenza and to assess the
benefit of testing (9).

The use of RIDTs in clinical managementand public health
practice can be improved by continually updating guidance,
educating clinicians on best practices, and enhancing test design
for better performance. To this end, the Joint Commission, in its
role to improve clinical practice, is offering two Internet-based
courses, including a continuing education course, on Strategies
for Improving Rapid Influenza Testing in Ambulatory Settings.
Course descriptions and registration information are available

876 MMWR / November 2,2012 / Vol.61 / No.43

at http://swww.jointcommission.org/siras.aspx, as are a number
of links to online resources on the use and interpretation of
RIDTs. In addirion, a dedicated YouTube channel for Strategies
for Improving Rapid Influenza Testing in Ambulatory
Settings features several instructional videos on the subject
(available at heep://www.youtube.com/playlist?list=PLNQfL._
CJ36fK08KEPjxul ZKJn7 GuFtn-N&feature=plcp).
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