
JOURNAL OF CLINICAL MICROBIOLOGY, Aug. 2004, p. 3707–3710 Vol. 42, No. 8
0095-1137/04/$08.00�0 DOI: 10.1128/JCM.42.8.3707–3710.2004
Copyright © 2004, American Society for Microbiology. All Rights Reserved.

Comparison of the Directigen Flu A�B Membrane Enzyme
Immunoassay with Viral Culture for Rapid Detection of

Influenza A and B Viruses in Respiratory Specimens
Andreea C. Cazacu,1 Sooyoung E. Chung,2 Jewel Greer,1,3 and Gail J. Demmler1,3*

Department of Pediatrics, Baylor College of Medicine,1 and Diagnostic Virology Laboratory, Texas Children’s Hospital,3

Houston, Texas 77030, and New York University School of Medicine, New York, New York 100162

Received 15 December 2003/Returned for modification 7 February 2004/Accepted 29 March 2004

The performance of a commercially available, rapid membrane enzyme immunoassay for influenza A and B
virus detection was compared to that of viral culture in 4,092 respiratory specimens collected from patients
presenting with respiratory symptoms during the 2002-2003 influenza season. The test’s overall sensitivity was
43.83%, lower than previously reported but similar for detection of both influenza A and B viruses (42.98 versus
44.76%). However, specificity, 99.74%, was excellent for both influenza A and B viruses (99.82 versus 99.92%).
These values make this test a very good confirmatory test when clinical suspicion is high, but a less accurate
screening test for large populations.

Influenza viruses are important causes of morbidity and
mortality in individuals of all age groups, especially the elderly
and patients with chronic disabilities (5, 15). Influenza virus
testing is often a part of the evaluation of febrile respiratory
illness in hospital settings, as well as in the practitioner’s office
and emergency and urgent care centers (1, 5, 8, 10, 16). The
reference method is viral culture. However, since the results of
viral culture may be delayed for days to weeks, most centers
perform rapid testing for influenza virus by immunofluores-
cence assay or enzyme immunoassay (2–6). A rapid and correct
diagnosis is essential to help clinicians with decisions regarding
early antiviral treatment, need for additional testing, and co-
horting of the patients. Rapid response teams investigating
outbreaks of severe respiratory disease also may use rapid tests
to help differentiate between infection with influenza virus,
biological warfare agents, such as those that cause anthrax and
smallpox (2, 8), and other causes of epidemic respiratory ill-
nesses, such as coronaviruses associated with severe acute re-
spiratory syndrome (5, 12, 13). Currently, there are several
commercially available rapid influenza virus test kits that can
easily be performed in less than 30 min (2, 4, 6, 9). However,
these tests have different methodologies and performance char-
acteristics and may be expensive to perform in large numbers
(Table 1). Furthermore, the performance of rapid influenza
virus tests and their impact on patient care should be evaluated
periodically not only by manufacturers, but also by physicians
and laboratories who perform the tests in large numbers of
patients, in real-world clinical settings (2, 3, 10, 11, 16).

MATERIALS AND METHODS

This study evaluated the performance of a relatively new rapid test for detec-
tion of influenza virus (Directigen Flu A�B; Becton Dickinson Diagnostic Sys-
tems, Sparks, Md.) in a real clinical setting, in a virology laboratory that serves
a large children’s hospital (Diagnostic Virology Laboratory of Texas Children’s

Hospital, Houston, Tex.). This test kit was used routinely during the 2002-2003
influenza season to detect influenza virus infection. The rapid test results were
compared to the reference standard of viral culture in all fresh respiratory
specimens collected from patients with respiratory viral symptoms who presented
to Texas Children’s Hospital for admission or evaluation in the Emergency
Department between 1 October 2002 and 30 May 2003. Rapid tests were rou-
tinely performed by virology laboratory technicians according to the manufac-
turer’s instructions, 24 h daily, 7 days a week, and results were reported within 2 h
of specimen receipt. Briefly, the BD Directigen Flu A�B test is a rapid mem-
brane enzyme immunoassay test that involves extraction of influenza A or B viral
antigens from the patient specimens. The extracted specimen is expelled through
a filter assembly into each of two wells of a triangular plastic test device con-
taining a membrane surface. Viral antigens, if present in the extracted specimens,
are bound to the membrane surface and detected by enzyme-conjugated mono-
clonal antibodies specific for influenza A or B virus nucleoprotein, followed by a
stop reagent. A positive test is indicated by the presence of a purple triangle in
the A or B well in the plastic device. Absence of a purple triangle in the presence
of a positive procedure control dot indicates a negative test. The test was
performed using internal kit positive, negative, and procedural controls as well as
external laboratory controls for each test kit run.

It was also the laboratory routine to inoculate all specimens within 1 h of
receipt, 24 h daily, 7 days a week, into human foreskin fibroblast (HFF), rhesus
monkey kidney (RhMK), and human lung carcinoma (A549) cell culture mono-
layers. One tube each of inoculated HFF, RhMK, and A549 cell cultures was
placed on a rotator drum and incubated at 37°C. In addition, one tube of
inoculated HFF cell culture was placed on a rotator drum and incubated at 30°C
to enhance rhinovirus isolation. Viral cultures were inspected daily for cytopathic
effect using light microscopy, and preliminary identification of viruses was made
by cytopathic effect. Hemadsorption with a 0.4% suspension of guinea pig red
blood cells was performed on days 2, 5, and 14 of incubation of RhMK cell
cultures. Virus identification was confirmed by immunofluorescence assays or, in
the case of cell cultures exhibiting cytopathic effect characteristic for picornavi-
ruses, acid lability testing was used to differentiate rhinoviruses from enterovi-
ruses (2, 4). Viral cultures positive for influenza virus, type A or B, were con-
sidered true positives. Sensitivity, specificity, and positive and negative predictive
values were calculated using two-by-two contingency tables. Differences between
tests were analyzed using chi-square tests. Differences between ages of multiple
groups were analyzed with analysis of variance, assuming equal variances, and
Student’s t test was used to compare differences between only two groups.

RESULTS AND DISCUSSION

There were 4,092 respiratory specimens processed during
the period of investigation. The majority, 4,001 (97.77%), were
nasal washes, 9 (0.22%) were nasal-pharyngeal swabs, 69
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(1.7%) were tracheal aspirates, 7 (0.17%) were broncho-alveo-
lar lavage specimens, 4 (0.1%) were sinus washes, and 2 (0.06%)
were sputum samples.

The mean age of the patients tested was 3.2 years (median,
0.9 years; range, 3 days to 55.8 years). There were 83 (2.02%)
patients older than 18 years of age, who were followed by our
services for chronic illnesses. The mean distribution of the age
of the patients with a negative viral culture for influenza virus
was 5.1 years (median, 0.82 years), compared to 4.97 years
(median, 1.8 years) for patients with a viral culture positive for
influenza A virus and 7.01 years (median, 6.7 years) for pa-
tients with a viral culture positive for influenza B virus (P �
0.0045).

Of the 4,092 specimens submitted for this study, 2,926
(70.6%) had a negative viral culture and 1,166 (29.4%) speci-
mens grew at least one virus. Of 1,218 viruses isolated, 115
(9.44%) were influenza A virus, 105 (8.62%) were influenza B
virus, 360 (29.55%) were respiratory syncytial virus (RSV), 253
(20.77%) were rhinovirus, 107 (8.78%) were adenovirus, 79
(6.48%) were cytomegalovirus (CMV), 156 (12.8%) were para-
influenza virus, 27 (2.21%) were enterovirus, and 16 (1.3%)
were herpesvirus (Fig. 1). Dual viral infection was present in 50
patients. Five patients had influenza virus in combination with

another virus. Influenza A virus was seen in combination with
adenovirus once and with CMV once. Influenza B virus was
seen in a patient with adenovirus and also in two patients
whose viral cultures grew CMV. Other dual infections were
adenovirus and rhinovirus (10), RSV and rhinovirus (8), para-
influenza virus type 3 and rhinovirus (8), CMV and RSV (6),
CMV and rhinovirus (4), adenovirus and CMV (3), CMV and
parainfluenza virus type 3 (2), adenovirus and RSV (1), herpes
simplex virus type 1 and parainfluenza virus type 3 (1), and
herpes simplex virus type 1 and rhinovirus (1). One patient had
three viruses isolated from the respiratory specimen: adenovi-
rus, RSV, and rhinovirus. Influenza season in 2002 in Houston
started during the month of December and lasted until March
2003 (Fig. 2).

The rapid test showed excellent specificity, but only fair
sensitivity, when compared to viral culture. Overall, results for
both influenza A and B viruses showed similar performances,
with no significant difference in the ability of the rapid test to
distinguish between the two viruses (Table 2). False-positive
results were rare (n � 10; 7 influenza A virus and 3 influenza
B virus). False-negative results were more common (n � 123;
58 influenza B virus and 65 influenza A virus).

The performance of the rapid test was influenced by the age

TABLE 1. Commercially available rapid test kits for detection of influenza virus

Test name (manufacturer) Test method Influenza virus
type detected

Distinguishes
A from B

Time
(min)

CLIA
waiveda

Cost per
test ($)b

Directigen Flu A (Becton Dickinson) Membrane immunoassay A only 15 No 20.50
Directigen Flu A � B (Becton Dickinson) Membrane immunoassay A, B Yes 15 No 20.50
Flu OIA (Thermo BioStar) Optical immunoassay A, B No 15 No 16.50
QuickVue (Quidel) Lateral-flow immunoassay A, B No 10 Yes 13.80
NOW FluA and NOW FluB (Binax) Lateral-flow immunoassay A, B Yes 15 No 18.00
Xpect FluA&B Lateral-flow immunoassay A, B Yes 15 No 24.75
ZstatFlu (Zyme Tx) Enzyme-based color-metric assay A, B No 30 Yes 14.50

a CLIA waived: diagnostic tests may be granted a Clinical Laboratory Improvement Amendments (CLIA) waiver from regulatory oversight if they meet certain
requirements established by the statute. The section of the statute specifying the criteria for categorizing a test as waived was excerpted without elaboration in the
regulations at 42 CFR 493.15(b) and 493.15(c).

b Cost is the estimated cost of materials only, to perform testing on one sample, and was obtained by calling manufacturers. Material costs may vary with region. Costs
for quality control assurance and improvement, and also cost for technical time to perform testing, were not included.

FIG. 1. Number and type of viruses isolated from respiratory samples submitted to the Diagnostic Virology Laboratory, Texas Children’s
Hospital, Houston, Tex., during the period October 2002 to May 2003.
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of the patient. The test was more sensitive in patients that were
�2 years old, both overall (50 versus 35.3%) and in the ability
of the test to distinguish the two influenza virus types (45.7
versus 34.4% for influenza A virus; 57.9 versus 35.8% for
influenza B virus) (Table 3).

The performance of the rapid test did not differ significantly
during months when influenza virus was more prevalent (8.4%
positive cultures for influenza virus in December, January, and
February) than during months when influenza virus was less
prevalent (1.7% positive cultures for influenza virus in Octo-
ber, November, March, April, and May) (Table 4).

Conclusions. The enzyme immunoassay rapid influenza vi-
rus test was highly specific but less sensitive than expected in
detecting both influenza A and B virus in respiratory speci-

mens from children. Earlier studies showed this same assay
had a higher overall sensitivity (60 to 85%) (2, 3). The reason
why the assay performed so differently during the study period
is unclear. A difference in specimen collection is not a likely
explanation for the differences observed in test performance,
because at Texas Children’s Hospital nasal washes processed
for viral culture and rapid tests are routinely collected by
respiratory therapists, who follow a standard protocol that is
used for all ages and that has not changed throughout the years
(2). Furthermore, recently another study, with a much smaller
sample size than our study, also showed that the Directigen
A�B rapid influenza virus test performed with lower sensitiv-
ity (6).

Most previously reported studies on the performance of

FIG. 2. Monthly distribution of viruses isolated from respiratory samples submitted to the Diagnostic Virology Laboratory, Texas Children’s
Hospital, Houston, Tex., during the period October 2002 to May 2003.

TABLE 2. Performance of Directigen Flu A � B membrane immunoassay rapid test compared to that of
viral culture for detection of influenza A and B viruses

Influenza virus
type detected

No. of specimens
Sensitivity

(%)
Specificity

(%)

% of specimens
with indicated PVa

Rapid test � Rapid test �
Pos Neg

Culture � Culture � Culture � Culture �

A and B 96 10 123 3,863 43.8 99.7 90.5 96.9
A only 49 7 65 3,971 42.9 99.8 87.5 98.4
B only 47 3 58 3,984 44.8 99.9 94.0 98.6

a PV, predicted value; Pos, positive; Neg, negative.
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rapid assays for detection of influenza virus have been con-
ducted during influenza seasons where influenza A virus pre-
dominated (3, 4, 7, 8, 10, 11, 16). The season evaluated in this
study had almost an equal number of influenza A and B virus
types isolated, providing the opportunity to evaluate the per-
formance of this rapid test for detection of both influenza virus
types. Furthermore, the volume of tests performed in The
Diagnostic Virology Laboratory at Texas Children’s Hospital
as well as the routine use of viral culture as a confirmatory test
confer strengths to this study. To our knowledge, this is the
largest study (n � 4,092) that has evaluated a rapid influenza
virus diagnostic method and used viral culture as a confirma-
tory test. Previously published studies reported that the mem-
brane immunoassay appeared less reliable for detection of
influenza type B virus than for influenza type A virus (2, 3). In
this study, detection of influenza A and B viruses was similar,
but perhaps at the expense of overall sensitivity. However, the
membrane immunoassay did perform better in respiratory
samples collected from children younger than 2 years of age,

most likely because the viral load in this patient population is
usually higher (14).

Influenza B virus was more likely to be isolated and detected
in older children, as previous studies have shown (2). The
2002-2003 influenza season in Houston started in December
and ended in March. The RSV season was seen earlier than
influenza, since it peaked in November to December 2002 and
ended in March 2003. Other respiratory viruses, such as rhi-
noviruses and adenoviruses, were seen all through the year,
with less seasonal variations. The presence of these respiratory
viruses did not appear to influence performance of this rapid
test for influenza virus.

Clinicians, laboratory personnel, and epidemiologists, using
rapid tests for influenza virus detection, should be aware of the
performance characteristics of each rapid test, so that they may
choose the best tool for their specific needs. This test, in the
setting of high clinical suspicion, would be best used as a
confirmatory test. Our study demonstrated that for screening
purposes in large populations this membrane enzyme immu-
noassay rapid influenza virus test may miss many infected pa-
tients and, therefore, may not be the most reliable laboratory
test for this indication.
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TABLE 3. Performance of Directigen Flu A � B membrane
immunoassay rapid test compared to that of viral culture when
analyzed by age group (younger than 2 years old and older or
equal to 2 years) for detection of influenza A and B viruses

Age and virus
type detected
by rapid test

Sensitivity
(%)

Specificity
(%)

% of specimens with
indicated PVa

Pos Neg

A and B
�2 yrs 50.0 99.9 93.1 98.7
�2 yrs 35.3*b 99.4 83.3* 94.8*

A only
�2 yrs 45.7 99.9 88.9 99.1
�2 yrs 34.4* 99.7 78.6* 98.1

B only
�2 yrs 57.9 100.0 100.0 99.6
�2 yrs 35.8* 99.7 86.4* 96.8*

a PV, predictive value; Pos, positive; Neg, negative.
b *, P value of �0.001.

TABLE 4. Performance of Directigen Flu A � B membrane
immunoassay rapid test during high-prevalence months (December,

January, and February) compared to low-prevalence months
(October, November, March, April, and May) for

detection of influenza A and B viruses

Prevalence period
and test

Culture %
positivea

Sensitivity
(%)

Specificity
(%)

% of speci-
mens with

indicated PVb

Pos Neg

High-prevalence months
Both A and B 8.4 40.6 99.9 86.7 99.0
A only 4.1 40.9 99.9 81.8 99.3
B only 4.3 40.0 100.0 100.0 99.7

Low-prevalence months
Both A and B 1.7 44.4 99.6 91.2 95.1
A only 1.2 43.5 99.8 88.9 97.6
B only 0.5 45.3 99.8 93.5 97.6

a For influenza virus, A or B type.
b PV, predictive value; Pos, positive; Neg, negative.
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