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We found that the sensitivities of 3 rapid influenza antigen
tests for pandemic influenza A/HIN1 virus were low to mod-
erate: BD Directigen EZ Flu A+B test (Becton Dickinson),
46.7%; BinaxNOW Influenza A&B (Inverness Medical),
38.3%; and QuickVue Influenza A+B Test (Quidel), 53.3%.
A patient with influenza-like illness who has a negative rapid
antigen test result should undergo further testing using re-
verse-transcription polymerase chain reaction.

On 17 April 2009, a novel triple-reassortant swine-origin in-
fluenza virus (pandemic A/HIN1) was identified by the Centers
for Disease Control and Prevention (CDC) in 2 children living
in adjacent counties in California [1]. By 12 June 2009, this
virus had caused an estimated 29,669 cases of infection in 74
countries, including 145 deaths worldwide [2]. The World
Health Organization raised the pandemic alert level to phase
6 on 11 June 2009.

Rapid diagnosis of influenza is important for initiation of
antiviral therapy and implementation of infection control strat-
egies. Reverse-transcriptase polymerase chain reaction (RT-
PCR) is considered the reference test for diagnosis of influenza
because of its high sensitivity and specificity as well as its rapid
turnaround time. However, RT-PCR is expensive and requires
trained expertise and batch testing, which delays reporting.
Pandemic A/HIN1 RT-PCR is currently only available in des-
ignated reference or state laboratories, adding to the turna-
round time. In addition, the large number of requests for RT-
PCR testing has stretched resources, resulting in modified
recommendations to test only severely ill persons or patients
at risk of having serious complications [3].

Because other respiratory viruses frequently cocirculate with
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influenza viruses and can cause similar symptoms, diagnosing
influenza on the basis of clinical presentation alone is difficult,
with reported sensitivity ranging from 38% [4] to 79% [5].
Rapid influenza antigen tests (point-of-care tests) might prove
useful, because they have a fast turnaround time (10-15 min)
and require minimal training to perform. However, there are
few data on the diagnostic accuracy of rapid influenza antigen
tests for pandemic influenza A/HIN1 virus [6]. Soon after the
onset of the pandemic influenza A/HINT outbreak, we received
reports of poor performance of rapid influenza antigen tests.
We report our findings of the clinical accuracy of 3 commonly
used rapid influenza tests for diagnosis of pandemic A/HIN1
influenza.

Methods. During the period from 1 May 2009 through 2
June 2009, a convenience sample of 84 positive, nonduplicate
nasopharyngeal specimens were tested using 3 different rapid
antigen test kits: BD Directigen EZ Flu A+B test (Becton Dick-
inson), BinaxNOW Influenza A&B (Inverness Medical), and
QuickVue Influenza A+B Test (Quidel). Testing was performed
in accordance with the manufacturer’s instructions, and each
test result was interpreted by at least 2 of the study authors.

Nasopharyngeal specimens were collected from patients pre-
senting with influenza-like illness using a sterile polyester na-
sopharyngeal swab and were transported to the microbiology
laboratory in M4RT viral transport medium (Remel). Only
specimens that were positive for respiratory viruses using the
Luminex xXTAG RVP (Luminex) were included. The Luminex
xTAG RVP is a multiplex RT-PCR assay that allows for the
simultaneous detection of 17 respiratory virus types/subtypes,
including metapneumovirus, coronaviruses, influenza A virus
subtypes H1 and H3, influenza B virus, parainfluenza virus
types 1-4, respiratory syncytial virus, adenovirus, and rhino-
virus. All specimens were refrigerated, and rapid antigen tests
were performed <48 h after specimen receipt. Specimens in-
cluded 60 nasopharyngeal samples positive for pandemic in-
fluenza A/HIN1 virus, with results confirmed using the CDC’s
RT-PCR assay for pandemic influenza A/HIN1 virus. Control
specimens included 24 nasopharyngeal specimens positive for
other respiratory viruses, as follows: adenovirus (n = 1), coro-
navirus (n = 3), concurrent coronavirus and rhinovirus (n =
1), metapneumovirus (n = 4), rhinovirus (n = 4), concurrent
rhinovirus and parainfluenza virus (n = 1), parainfluenza virus
(n = 7), and respiratory syncytial virus (n = 3).

We calculated the sensitivity and specificity for each rapid
antigen test. We determined the prevalence of pandemic A/
HINI influenza over the study period; this was used to calculate
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the positive predictive value (PPV) and negative predictive
value (NPV). Patient charts were reviewed, if available, for po-
tential factors that may have been associated with rapid antigen
test result; these included patient age, duration of symptoms
before presentation, inpatient or emergency department versus
outpatient status, and the median number of RT-PCR fluo-
rescence intensity (MFI) units.

Data analysis was performed using SPSS, version 16.0 (SPSS).
The Mann-Whitney U test was used for comparison of con-
tinuous variables, and x> and McNemar tests were used for
categorical independent and paired variables, respectively. P
values <.05 were considered to be statistically significant. This
study was approved by the institutional review board of Rush
University Medical Center (Chicago, IL).

Results.
influenza were children and young adults; the median age was

The majority of patients with pandemic A/HIN1

12.5 years (range, 7 months to 58 years). A total of 34 patients
(57%) were assessed in the emergency department, and 26
patients (43%) were seen in physicians’ offices. Twenty-two
(65%) of 34 patients evaluated in the emergency department
were subsequently hospitalized. Information for the duration
of illness before presentation was available for 38 of 60 patients.
The majority of patients (76%) presented <3 days after de-
veloping symptoms influenza-like illness (mean interval, 2.8
days; range, 1-9 days). Control patients had a median age of
7 years (range, 4 months to 66 years); 14 control patients (58%)
presented to the emergency department, and 10 (42%) were
outpatients.

The analytic performance of the 3 rapid antigen tests, com-
pared with that of the Luminex xXTAG RVP are presented in
Table 1. The overall respective sensitivity and specificity of the
BD Directigen EZ Flu A+B test were 46.7% (28 of 60 speci-
mens) and 100%; for the BinaxNOW Influenza A&B test, 38.3%
(23 of 60 specimens) and 100%; and for the QuickVue Influenza
A+B Test, 53.3% (32 of 60 specimens) and 100%. The Quick-
Vue Influenza A+B Test was significantly more sensitive than the

Table 1.

BinaxNOW Influenza A&B test (P<.01), but there was no sig-
nificant difference between the other rapid antigen tests. During
the study period, the overall prevalence of pandemic A/HIN1
virus was 17.9% (95% confidence interval, 8.24%—27.6%) among
all specimens submitted for respiratory virus RT-PCR testing.
On the basis of this prevalence, the calculated PPVs were 100%
for all 3 tests, and the calculated NPVs were 89.6%, 88.2%, and
90.8% for BD Directigen EZ Flu A+B test, BinaxNOW Influenza
A&B, and QuickVue Influenza A+B Test, respectively. Patient age
and duration of symptoms prior to collection of the respiratory
specimen did not correlate significantly with the results of rapid
antigen tests (P>.05). A higher MFI unit with RT-PCR (which
correlates with higher viral load) was significantly associated with
positive results for all rapid antigen tests (P<.01) (Table 2).

Discussion. Rapid antigen tests are commonly used in
many hospital laboratories, emergency departments, and doc-
tors’ offices. Most influenza rapid antigen tests are lateral flow
chromatographic immunoassays in which patient samples are
applied to a chromatographic strip that contains monoclonal
antibodies against influenza A and B viruses. On-site diagnosis
of influenza by point-of-care tests has been shown to limit
antibiotic prescriptions, use of blood cultures, and chest ra-
diography and ultimately to reduce patient costs [7]. However,
rapid antigen tests have demonstrated a wide range of sensi-
tivities for detection of seasonal influenza viruses, ranging from
69%—-96% for the BD Directigen EZ Flu A+B test [8, 9], 64.9%—
73% for the BinaxNOW Influenza A&B test [8, 10], and 19.7%—
85% for the QuickVue Influenza A+B Test [11, 12].

We found that the 3 rapid antigen tests had low to modest
sensitivities for diagnosis of pandemic influenza A/HIN1, al-
though all tests demonstrated excellent specificity, with no
cross-reactivity against other cocirculating respiratory viruses.
Possible reasons for the low sensitivities in our study include
the fact that the sample collection technique was not stan-
dardized and that specimens were refrigerated and only tested
after completion of RT-PCR, which may have led to antigen

Analytic Performance of Rapid Influenza Antigen Tests, Compared with the Luminex xTAG RVP

(Luminex) Reverse-Transcriptase Polymerase Chain Reaction

Predicted NPV, %°

Sensitivity, % Specificity, % PPV, NPV, Prevalence Prevalence
Test (95% Cl) (95% Cl) %° %°® of 5% of 50%
BD Directigen EZ Flu A+B 46.7 (34.6-59.1) 100 (86.2-100) 100  89.6 7.3 65.2
BinaxNOW Influenza A&B 38.3 (27.1-561.0) 100 (86.2-100) 100  88.2 96.9 61.8
QuickVue Influenza A+B Test  53.3 (40.9-65.4) 100 (86.2-100) 100  90.8 97.6 68.2

NOTE. The BD Directigen EZ Flu A+B test was manufactured by Becton Dickinson, the BinaxNOW Influenza A&B was
manufactured by Inverness Medical, and the QuickVue Influenza A+B Test was manufactured by Quidel. Cl, confidence interval;

NPV, negative predictive value; PPV, positive predictive value.

@ PPVs and NPVs were calculated values on the basis of the sensitivity and specificity of each test and an observed pandemic

influenza A/H1N1 prevalence of 17.9% during the period of study.

® Predicted NPVs based on projected prevalences of 5% and 50% were calculated based on the sensitivities of each rapid

test.
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degradation. However, we think that this is unlikely, because
our findings are consistent with those of a similar study by
Ginocchio et al [6] in which rapid antigen tests had a sensitivity
of only 17.8% for pandemic influenza A/HINI1 virus, compared
with the Luminex XTAG RVP. An alternative explanation may
be related to differences in test sensitivity for detection of pan-
demic influenza A/HIN1 virus, compared with seasonal influ-
enza viruses. In a study that used titered pandemic influenza
A/HINT1 virus grown in cell cultures, rapid antigen tests re-
quired 1-1.5-log higher viral loads than did human seasonal
virus for a positive result [13].

Other limitations of our study include the fact that we em-
ployed a known convenience sample of positive specimens.
Because of the widespread interest regarding the clinical per-
formance of rapid antigen tests for detection of pandemic in-
fluenza A/HINI virus, we used a convenience sample of pos-
itive specimens to allow for a quick yet relatively accurate as-
sessment of these tests. In addition, all specimens were decoded,
and both investigators performing the tests were blinded to the
RT-PCR results. Finally, because the design of our study did not
permit an accurate determination of the NPV and PPV, we cal-
culated these values on the basis of the prevalence of novel in-
fluenza HIN1 during the study period. These values would clearly
vary according to the prevalence of disease, and the PPV would
be highest during the peak of an outbreak, with increased num-
bers of false-positive results when disease prevalence is low (Ta-
ble 1).

Despite modest sensitivities, rapid influenza antigen testing
could prove to be useful because of the tests’ speed, portability,
and ease of performance. Clinicians should be aware that pa-
tients presenting with an influenza-like illness and a negative
rapid antigen test result should undergo further laboratory test-
ing. However, a positive rapid antigen test result would allow
presumptive diagnosis of novel influenza HIN1 virus infection
and should lead to timely institution of infection control mea-
sures, treatment, and prophylaxis. Finally, as we approach the
2009-2010 winter season, it is desirable for manufacturers to
develop sensitive rapid antigen kits that can also differentiate
seasonal influenza A viruses from pandemic influenza A/HIN1
virus in view of their different antiviral susceptibilities.
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