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The BD Directigen™ Flu A+B test has recently become

available to rapidly detect and differentiate influenza (Flu) A or

B antigens extracted from suitable specimens of symptomatic

patients. This study evaluates the ability of the Directigen Flu

A+B test to specifically detect and differentiate Flu virus

strains. Various microbial cultures were extracted according to

the test protocol and samples were divided equally between the

two wells of the enzyme immunomembrane filter assay device.

Differentiation of Flu A from B was then achieved by addition

of a Flu A detection reagent to the A well and a Flu B detection

reagent to the B well of the test device. The Flu A+B test was

evaluated using a panel of 62 Flu A and Flu B isolates. All 50

of the human and animal Flu A isolates that were tested gave

positive test results for Flu A and negative test results for Flu B.

All of the known Flu A hemagglutinin and neuraminidase

subtypes were detected. The Flu A+B test specifically detects

human isolates of the highly lethal H5N1 avian Flu A subtype

as well as human isolates of the H9N2 avian subtype. All 

12 of the human Flu B isolates that were tested gave positive

Flu B test results and negative Flu A test results. The Flu A+B

Test was further evaluated for cross-reactivity using a total of 

58 bacteria, 30 non-Flu viruses, and 2 yeast strains. None of

the organisms tested gave a false positive result in the 

Flu A+B Test. The analytical sensitivity (Detection limit 

range: 4.6 x 101–1.2 x 106 CEID50/mL) of the Flu A+B test

was established for 7 Flu A and 6 Flu B strains, with highly

sensitive detection indicated for some strains. In conclusion,

the results demonstrate the ability of the BD Directigen Flu

A+B test to specifically detect Flu A and Flu B strains without

cross-reactivity due to other microorganisms that might be

present in specimens from symptomatic patients. Antigenic

drift is not an issue with the Directigen Flu A+B test because

the target antigens are the nucleoproteins, which are type

specific and are highly conserved.

INTRODUCTION
The BD Directigen Flu A+B test is a rapid manual EIA

membrane assay that qualitatively detects and differentiates
Influenza A or B antigens extracted from respiratory specimens.
The purpose of this study was to examine influenza strain
coverage (H1-H15, N1-N9), analytical sensitivity of selected
strains, and potential cross-reactivity of the Directigen Flu 
A+B test.  

A panel of 62 influenza A and B viral isolates was selected to
evaluate the reactivity and specificity of the Directigen Flu A+B
test. The isolates consisted of 26 human influenza A isolates, 24
animal influenza A isolates and 12 human influenza B isolates.
Analytical sensitivity was determined by testing serial dilutions
of 7 Flu A and 6 Flu B viral strains grown in culture.

A total of 90 microorganisms, including 30 non-influenza
viruses and 2 yeast species, was tested to determine whether
potentially cross-reacting microorganisms found in respiratory
samples could cross-react with the Directigen Flu A+B test.  

ABSTRACT (revised)

Presented at the 101st General Meeting of the American Society 
for Microbiology, Orlando, Florida, 2001.

Directigen Flu A+B test kit

ACKNOWLEDGEMENT

We thank J.S. Malik Peiris, Ph.D., Department of
Microbiology, University of Hong Kong, Queen Mary
Hospital, Hong Kong, for assistance in providing and 
testing a portion of the samples for the Reactivity and
Specificity Study.



REACTIVITY AND SPECIFICITY STUDY: Influenza A and
influenza B viruses were tested at viral titer levels ranging from
105 to 1010 CEID50/mL.

ANALYTICAL SENSITIVITY STUDY: Seven influenza A and
six influenza B isolates were evaluated to determine the limit of
detection of the Directigen Flu A+B test. For each of the Flu A
and Flu B viral isolates, a series of two-fold dilutions were
prepared using viral transport medium.  The range of dilutions
was sufficiently broad such that at least one dilution yielded a
negative result and at least two dilutions yielded positive results.
Triplicate testing was performed on each dilution and results
had to be in agreement. The limit of detection (LOD) was
estimated as that concentration of Flu A or Flu B virus, based on
the CEID50/mL, that resulted in a 95% probability of detection.
Logistic regression curves were fitted to data consisting of
concentration and interpretation.

CROSS REACTIVITY STUDY: Bacteria and yeast were
cultured and suspended in sterile Dulbecco’s phosphate buffered
saline at concentrations of 107 to 108 CFU/mL. M. pneumoniae
was tested at a concentration of > 108 CCU/mL. Viral isolates
were tested at titers between 104 to 1010 TCID50/mL. Influenza C
was tested at a titer of 1.6 x 1010 CEID50/mL.  

A BLIND STUDY WAS PERFORMED WITH RANDOMIZED
SAMPLES: Samples were extracted according to the package
insert by adding a 200 µL aliquot of each sample to three
different DispensTubes™ containing eight drops of Extraction

REACTIVITY AND SPECIFICITY STUDY: The
summaries of test results with a broad panel of human
and animal influenza viruses are outlined in Tables 1,
2, and 3. All triplicate determinations were
concordant. All of the influenza A virus subtypes listed
in Tables 1 and 3 gave positive Flu A test results and
negative Flu B test results. All known influenza A
hemagglutinin (H1-15) and neuraminidase (N1-9)
subtypes are represented in the panel (Tables 1 and 3).
All of the influenza B viruses listed in Table 2 gave
positive Flu B test results and negative Flu A 
test results.

ANALYTICAL SENSITIVITY STUDY : The
estimated LOD’s for the 13 influenza isolates are
summarized in Table 4.

CROSS REACTIVITY STUDY: Summaries of the
cross reactivity study results are outlined in Tables 5
and 6.  All triplicate determinations were concordant.
None of the viruses, bacteria, or yeasts listed in
Tables 5 and 6, respectively, gave a positive result in
the Directigen Flu A+B test.

RESULTS

METHODS

Influenza A Virus Human Isolate Viral Subtype Flu A Result Flu B Result

A/NWS/33 A (H1N1) P N
A/PR/8/34 A (H1N1) P N
A1/FM/1/47 A (H1N1) P N
A1/Denver/1/57 A (H1N1) P N
A/New Jersey/8/76 (Hsw N1) A (H1N1) P N
A/HongKong/2997/98 A (H1N1) P N
A/HongKong/9821/2000 A (H1N1) P N
A/HongKong/5405/2000 A (H1N1) P N
A/HongKong/6611/2000 A (H1N1) P N
A/HongKong/15946/2000 A (H1N1) P N
A/HongKong/16051/2000 A (H1N1) P N
A/Port Chalmers/1/73 A (H3N2) P N
A/Victoria/3/73 A (H3N2) P N
A/HongKong/114313/2000 A (H3N2) P N
A/HongKong/117393/2000 A (H3N2) P N
A/HongKong/114591/2000 A (H3N2) P N
A/HongKong/119563/2000 A (H3N2) P N
A/HongKong/120277/2000 A (H3N2) P N
A/Hong Kong/68012/2000 A (H3N2) P N
A/Human/HongKong/481/97 A (H5N1) P N
A/Human/HongKong/482/97 A (H5N1) P N
A/Human/HongKong/228156/97 A (H5N1) P N
A/Human/HongKong/229540/97 A (H5N1) P N
A/Human/HongKong/242095/97 A (H5N1) P N
A/Human/HongKong/1073/99 A (H9N2) P N
A/Human/HongKong/1074/97 A (H9N2) P N

DEFINITIONS

CEID50 = 50% of a chick embryo infectious dose

CCU = color-changing units

CFU = colony-forming units

LOD = the amount of virus for which 95% 
of antigen containing specimens 
will test positive

TCID50 = 50% of a tissue culture infectious dose

Table 1. Reactivity and Specificity of Human Flu A Subtypes

P = Positive;  N = Negative

Reagent E. Following extraction, each DispensTube was tested
as outlined in the package insert. At the end of the assay, each
device was examined for the presence or absence of a purple
triangle in both the “A” well and “B” well of each device. In
addition, each device was examined for the presence or absence
of a purple control dot in the center of each device well. The
results from each well of each test device were recorded
separately. A complete purple triangle of any color intensity with
a visible control dot was interpreted as a positive result. Control
dots may not have been visible in devices with more intensely
colored triangles. The absence of a triangle with the presence of
only a visible purple dot was interpreted as a negative result.



Influenza B Virus Human Isolate Viral Type Flu A Result Flu B Result
B/Lee/40 B N P
B/Allen/45 B N P
B/GL/1739/54 B N P
B/Maryland/1/59 B N P
B/Taiwan/2/62 B N P
B/HongKong/5/72 B N P
B/Hong Kong/28637/2000 B N P
B/Hong Kong/27254/2000 B N P
B/Hong Kong/28636/2000 B N P
B/Hong Kong/29130/2000 B N P
B/Hong Kong/29276/2000 B N P
B/Hong Kong/35952/2000 B N P

Table 2. Reactivity and Specifity of Human Flu B

Influenza Virus Animal Isolate Subtype Flu A Result Flu B Result

A/Turkey/Kansas/4880/80 A (H1N1) P N
A/Asia/57 A (H2N2) P N
A/Mallard/New York/6750/78 A (H2N2) P N
A/Turkey/England/69 A (H3N2) P N
A/Swine/HongKong/5212/99 A (H3N2) P N
A/Duck/HongKong/477/78 A (H4N6) P N
A/Chicken/Alabama/75 A (H4N8) P N
A/Turkey/Wisconsin/68 A (H5N9) P N
A/Goose/HongKong/38/79 A (H6N1) P N
A/Turkey/Canada/63 A (H6N8) P N
A/Duck/HongKong/47/76 A (H7N2) P N
A/Turkey/Oregon/71 A (H7N3) P N
A/Turkey/Ontario/6118/67 A (H8N4) P N
A/Turkey/Wisconsin/66 A (H9N2) P N
A/Quail/HongKong/G1/97 A (H9N2) P N
A/Chicken/HongKong/G9/97 A (H9N2) P N
A/Swine/HongKong/9/98 A (H9N2) P N
A/Duck/HongKong/865/80 A (H10N3) P N
A/Chicken/Germany/N/49 A (H10N7) P N
A/Duck/Memphis/546/74 A (H11N9) P N
A/Duck/Alberta/60/76 A (H12N5) P N
A/Gull/MD/704/77 A (H13N6) P N
A/Mallard/Gurjev/263/82 A (H14N5) P N
A/Shearwater/WA/2576/79 A (H15N6) P N

Table 3. Reactivity and Specificity of Animal Flu A Subtypes

Influenza Viral Strain Type LOD (CEID50)/mL

A/PR/8/34 (H1N1) A 8.2 X 103

A1/FM/1/47 (H1N1) A 5.9 X 102

A/NWS/33 (H1N1) A 1.6 X 102

A1/Denver/1/57 (H1N1) A 6.5 X 101

A/Port Chalmers/1/73 (H3N2) A 2.9 X 102

A/Victoria/3/73 (H3N2) A 3.3 X 104

A/New Jersey/8/76 (H1N1) A 2.1 X 102

B/Lee/40 B 1.2 X 106

B/Allen/45 B 1.8 X 102

B/Maryland/1/59 B 4.6 X 101

B/GL/1739/54 B 2.5 X 103

B/Taiwan/2/62 B 6.6 X 102

B/Hong Kong/5/72 B 2.3 X 103

Table 4. Limit of Detection by Viral Strain and Type

Virus Flu A Result Flu B Result

Adenovirus, type 3 N N
Adenovirus, type 5 N N
Adenovirus, type 7 N N
Adenovirus, type 18 N N
Coronavirus N N
Coxsackievirus Type A9 (Griggs) N N
Coxsackievirus Type B5 (Faulkner) N N
Coxsackievirus Type B6 (Schmitt) N N
Coxsackievirus Type A21 (Kuykendall) N N
Coxsackievirus Type A9 (P.B. Bozek) N N
Cytomegalovirus AD-169 N N
Echovirus Type 2 N N
Echovirus Type 3 N N
Echovirus Type 6 N N
HSV Type 1 N N
HSV Type 2 N N
Influenza C/Taylor/1233/47 N N
Measles virus Edmonston N N
Mumps virus N N
Parainfluenza Type 1 N N
Parainfluenza Type 2 N N
Parainfluenza Type 3 N N
Rhinovirus Type 1A N N
Rhinovirus Type 2 N N
Rhinovirus Type 13 N N
Rhinovirus Type 16 N N
Rhinovirus Type 37 N N
RSV A N N
RSV B N N
VZV N N

DISCUSSION
� A total of fifty influenza A isolates from humans and animals, and a
total of twelve influenza B isolates from humans were tested using the
Directigen Flu A+B test. Specificity and sensitivity for the influenza A and
B viruses tested were 100%. For all of the isolates tested, the triplicate
test results were concordant. All of the influenza A viruses tested gave
positive Flu A test results and negative Flu B test results. All of the
influenza B viruses tested gave positive Flu B test results and negative Flu
A test results. The Flu A+B test recognized all fifteen hemagglutinin and
nine neuraminidase subtypes of influenza A. In addition, the Flu A+B test
specifically detected human isolates of the highly lethal H5N1 avian Flu
A subtype as well as human isolates of the H9N2 avian subtype. The
analytical sensitivity (detection limit range: 4.6 x 101–1.2 x 106

CEID50/mL) of the Flu A+B test was established for seven Flu A and six
Flu B isolates, with highly sensitive detection indicated for some isolates.
For the cross reactivity study, none of the 90 microorganisms tested
(bacteria, viruses and yeasts) gave a positive result in the Directigen Flu
A+B test indicating excellent specificity with no cross-reactivity. 

Table 5. Viruses Used for Directigen 
Flu A+B Cross-Reactivity Study
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CONCLUSIONS
� This study demonstrates that the Directigen Flu

A+B test accurately and specifically detects an
extensive population of Flu A and B isolates.

� All fifteen hemagglutinin and nine
neuraminidase subtypes of influenza A 
are recognized by the Flu A+B test.

� The analytical sensitivity (detection limit range:
4.6 x 101–1.2 x 106 CEID50/mL) of the Flu A+B
test was established for seven Flu A and 
six Flu B isolates.

� 90 microorganisms that can be found in
respiratory samples do not cross-react with 
the Directigen Flu A+B test.

� The Directigen Flu A+B test is able to 
distinguish influenza A viral antigens 
from those of influenza B.

� The Directigen Flu A+B test is a rapid test
producing results in less than fifteen minutes. 

Bacteria and Yeast Flu A Result Flu B Result

Acinetobacter baumannii N N
Actinobacillus suis N N
Bacteroides fragilis N N
Bordetella pertussis N N
Candida albicans N N
Candida glabrata N N
Cardiobacterium hominis N N
Chlamydia psittaci N N
Chlamydia trachomatis N N
Corynebacterium diphtheriae N N
Eikenella corrodens N N
Enterococcus faecalis N N
Enterococcus gallinarum N N
Escherichia coli N N
Fusobacterium nucleatum N N
Gardnerella vaginalis N N
Haemophilus aphrophilus N N
Haemophilus influenzae N N
Haemophilus parainfluenzae N N
Haemophilus paraphrophilus N N
Kingella  kingae N N
Klebsiella pneumoniae N N
Lactobacillus casei N N
Lactobacillus fermentum N N
Lactobacillus plantarum N N
Legionella  pneumophila N N
Listeria monocytogenes N N
Moraxella catarrhalis N N
Mycobacterium avium N N
Mycobacterium intracellulare N N
Mycobacterium tuberculosis N N
Mycoplasma orale N N
Mycoplasma pneumoniae N N
Neisseria gonorrhoeae N N
Neisseria meningitidis N N
Neisseria mucosa N N
Neisseria sicca N N
Neisseria subflava N N
Peptostreptococcus anaerobius N N
Porphyromonas asaccharolyticus N N
Prevotella oralis N N
Proteus mirabilis N N
Proteus vulgaris N N
Pseudomonas aeruginosa N N
Salmonella choleraesius sub. minnesota N N
Serratia marcescens N N
Staphylococcus aureus N N
Staphylococcus aureus (Cowan 1) N N
Staphylococcus epidermidis N N
Streptococcus mutans N N
Streptococcus oralis N N
Streptococcus pneumoniae N N
Streptococcus pyogenes Group A N N
Streptococcus sanguis N N
Streptococcus sp. Group B N N
Streptococcus sp. Group C N N
Streptococcus bovis II Group D N N
Streptococcus sp. Group F N N
Streptococcus sp. Group G N N
Veillonella parvula N N

Table 6. Bacterial and Yeast Cross-Reactivity Panel


