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Background: The rapid diagnosis of influenza allows for prompt patient management and the initiation
of appropriate infection control measures to reduce spread in healthcare settings.
Objective: To evaluate the clinical performance of the 3M Rapid Detection Flu A+B Test (3MA+B) as com-
pared to R-Mix cell culture, direct immunofluorescence assay (DFA) and the BinaxNOW A&B Influenza
Test (BinaxNOW).
Study design: Five hundred fresh respiratory samples, collected from patients aged 5 days to 99 years with
respiratory symptoms, were tested by R-Mix culture, DFA, 3MA+B and BinaxNOW. Analytical sensitivity
of 3MA+B was compared to BinaxNOW using replicates of serially diluted clinical samples positive for
influenza A or B.
Results: Sensitivity, specificity, PPV and NPV for the detection of influenza A and B, respectively, were
for R-Mix (96.9%, 100%, 100%, 99.3%; 98.1%, 100%, 100%, 99.8%), DFA (80.4%, 99.2%, 96.1%, 95.3%; 74%,
100%, 100%, 97%), 3MA+B (70.1%, 99.8%, 98.6%, 93%; 86.5%, 98.7%, 88.2%, 98.4%) and BinaxNOW (46.4%,
100%, 100%, 88.6%; 34.6%, 100%, 100%, 93%). R-Mix, DFA and 3MA+B were significantly (P ≤ 0.0001) more

sensitive than BinaxNOW for the detection of both influenza A and B. The analytical sensitivity of 3MA+B
was greater than BinaxNOW. Excessive blood in samples may cause 3MA+B false positive influenza B
results.
Conclusions: The 3MA+B provided superior results compared to BinaxNOW. The 3MA+B Reader eliminated
user misinterpretation and provided quality control and result documentation. The improved sensitivity
and easy of use makes 3MA+B an effective first line triage test for emergency departments, clinics and

es.
rapid response laboratori

. Introduction

Influenza is a significant cause of morbidity and mortality,
articularly in the young and elderly.1 The rapid diagnosis of

nfluenza permits the initiation of antiviral therapy within a ben-
ficial time frame,2 can result in discontinuation of inappropriate
ntibiotics3–5 and prompts infection control measures to reduce
pread in healthcare settings.3,4,6,7 Since the diagnosis of influenza

an be difficult when based solely on clinical symptoms,3,8,9 rapid
15 min) immunochromatic tests for influenza A/B are commonly
sed as first line diagnostic tests.3,4,6,7,10 Although direct fluorescent
ntibody (DFA) tests, viral culture and molecular methods are gen-
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erally more sensitive and identify a wider range of viruses, these
tests are not offered by many laboratories, require more exper-
tise and results can take from 2 h (DFA) to 14 days for traditional
culture.11

During the 2006–2007 influenza season our laboratory received
complaints of poor performance of the BinaxNOW A+B Test
(BinaxNOW) (Inverness, Waltham, MA) since a significant number
of samples BinaxNOW negative were positive by DFA, R-Mix culture
(Diagnostic Hybrids [DHI], Athens, OH) and/or Luminex Respira-
tory Virus Panel (RVP) (Luminex Molecular Diagnostics, Toronto,
CA). Therefore, we evaluated the 3M Rapid Detection Flu A+B Test
(3MA+B) (3M Medical Diagnostics, St. Paul, MN) for use in our rapid
response laboratories. 3MA+B is a United States Food and Drug

Administration (US FDA) cleared qualitative immunochromato-
graphic cartridge test, with automated reading, for the differential
determination of influenza A and B in nasal wash/aspirate and
nasopharyngeal (NP) aspirate/swab specimens (Fig. 1). The reader
printout lists the target specific result, kit lot number, expiration

http://www.sciencedirect.com/science/journal/13866532
http://www.elsevier.com/locate/jcv
mailto:cginocch@nshs.edu
dx.doi.org/10.1016/j.jcv.2009.03.018
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Fig. 1. Test procedure for the 3M Rapid Detection Flu A+B Test. (1) Touch screen Rapid Detection Reader. Sample (2) is added to buffer (3) and mixed with an assay tip (4)
that contains fluorescent-dyed particles, coated with anti-influenza A and anti-influenza B antibodies directed against nucleoprotein antigens. Sample is transferred into the
well of the Test Cartridge (5), which is inserted into the 3M Rapid Detection Reader (6). Sample migrates along the strip and anti-influenza A and anti-influenza B antibodies
bind to any influenza A or B antigens, respectively, if present. Influenza-bound particles are captured at either the influenza A or B detection zone, and excess particles are
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aptured at the internal standard (IS) zone. The reader measures the fluorescence
atio between the influenza A, B and the IS zone readings. The instrument will flag
ow.

ate, test date and time, sample and user ID, test port serial num-
er. Kit positive and negative controls, patient results and internal

nstrument function checks are stored in the reader for easy refer-
nce.

A study by Dale et al. reported that 3MA+B was superior to
inaxNOW and Directigen EZ (Becton Dickinson, Sparks, MD) and
quivalent to QuickVue Flu (Quidel, San Diego, CA).12 Sensitivity,
pecificity, positive predictive value (PPV) and negative predictive
alue (NPV) of 3MA+B for influenza A detection were 75%, 98%,
8% and 95%, respectively. Due to a limited number of influenza
(+) samples, similar analysis was not performed. We further stud-

ed the performance of 3MA+B in comparison to BinaxNOW, DFA
nd R-Mix culture. Differences in our study from the Dale study
ncluded a larger data set of specimens (500 vs. 249), more pedi-

tric specimens (41% vs. 15%); inclusion of different specimen types
nasopharyngeal [NP] aspirates and washes); comparison to R-

ix culture; and a sufficient number of influenza B(+) specimens,
hat permitted the determination of sensitivity, specificity, PPV and
PV.

able 1
ensitivities, specificities, positive predictive values and negative predictive values for the

%Sensitivity (95% CI)a %Specificity (95% C

nfluenza A
DFA 80.4 (71.2–87.3) 99.2 (97.7–99.7)
R-Mix 96.9 (91.3–98.9) 100 (99.1–100)
Binax 46.4* (36.8–56.3) 100 (99.1–100)
3MA+B 70.1 (60.4–78.3) 99.8 (98.6–99.96

nfluenza B
DFA 74.0 (60.4–84.1) 100 (99.1–100)
R-Mix 98.1 (89.9–99.7) 100 (99.2–100)
Binax 34.6* (23.2–48.2) 100 (99.2–100)
3MA+B 86.5 (74.7–93.3) 98.7 (97.1–99.4)

a 95% CI, 95% confidence interval.
b PPV, positive predictive value.
c NPV, negative predictive value.
* Significant difference between BinaxNOW and 3MA+B (P ≤ 0.0001).
ed by the complexes at the influenza A, B and IS detection zones and calculates a
st as invalid if the sample fails to migrate through the cartridge or the IS signal is

2. Materials and methods

2.1. Sample collection

Five hundred fresh (<24 h) respiratory specimens (nasal washes
[n = 45], NP aspirates [n = 55], NP flocked swabs [Copan, Murrieta,
CA] in Universal Transport Media [UTM, DHI] [n = 369], nasal swabs
[n = 27] and tracheal aspirates [n = 4]) were randomly selected.
Specimens were from symptomatic patients who ranged in age
from 5 days to 99 years (≤2 years, n = 105; 3–5 years, n = 35; 6–10
years, n = 30; 11–17 years, n = 33; 18–59 years, n = 161, >60 years,
n = 136).

2.2. Detection of influenza A and influenza B
3MA+B and BinaxNOW were performed according to manu-
facturers’ instructions. Specimens were tested by DFA (D3 Ultra
Respiratory Virus Panel, hMPV immunofluorescence reagents
[DHI]) and R-Mix culture according to laboratory procedures.

detection of influenza A and influenza B by method.

I) %PPVb (95% CI) %NPVc (95% CI)

96.1 (89.2–98.7) 95.3 (92.8–97.0)
100 (96.1–100) 99.3 (97.9–99.7)
100 (92.1–100) 88.6 (85.3–91.2)

) 98.6 (92.2–99.7) 93.0 (90.5–95.3)

100 (90.6–100) 97.0 (94.8–98.2)
100 (93.0–100) 99.8 (98.7–99.96)
100 (82.4–100) 93.0 (90.3–94.9)

88.2 (76.6–94.5) 98.4 (96.8–99.2)
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tudies were performed with Institutional Review Board approval.
sample was considered influenza A and/or influenza B positive(+)

f R-Mix culture(+) and/or a minimum of 2 rapid tests(+) (DFA,
inaxNOW and/or 3MA+B). Discordant(+) results were arbitrated
y testing an aliquot with the ProFlu-1 Assay (Prodesse, Wauke-
ha, WI) after nucleic extraction using the NucliSENS easyMAG
bioMérieux, Durham, NC). Results were considered true(+) if the
arget was detected by ProFlu-1.

.3. Comparison of analytical sensitivity of 3MA+B and BinaxNow

Comparison of the analytical sensitivity of 3MA+B and
inaxNOW was done by serially diluting (range 1:10–1:400) in
TM a patient sample influenza A(+) and a sample influenza B(+).
ive replicates of each dilution were tested with both 3MA+B and
inaxNOW, when indicated. BinaxNOW uses 100 �l of neat sample.
he 3MA+B uses 150 �l of neat sample added to 150 �l of buffer,
rom which 75 �l is tested in the cartridge.

.4. Statistical analysis

Sensitivity, specificity, PPV and NPV were calculated using stan-
ard formulas and the significance between the values determined
sing the McNemar’s test. A P value of <0.05 was considered statis-
ically significant.

. Results

.1. Clinical comparison of 3MA+B, BinaxNOW, DFA and R-Mix
ulture

Results were available for all 4 methods for 463/500 specimens.
he remaining 37 specimens did not contain a sufficient quantity
QNS) of cells for DFA. Of the 37 QNS samples, 3 were influenza
(+) and 1 influenza B(+) with 3MA+B. Influenza A was detected

n 19.4% of the specimens (43.3%: <18 years; 56.7%: ≥18 years) and
nfluenza B in 10.4% of the specimens (26.9%: <18 years; 73.1%: ≥18
ears). For influenza A, R-Mix and DFA were more sensitive (96.9%,
0.4%, respectively) than 3MA+B (70.1%) and the differences were
ignificant (P < 0.0001 and P = 0.03, respectively) (Table 1). R-Mix,
FA and 3MA+B were all significantly (P < 0.0001) more sensitive

han BinaxNOW (46.4%). There were no significant differences in
ssay specificities.
For influenza B, the difference in the sensitivity of R-
ix (98.1%) and 3MA+B (86.5%) approached significance

P = 0.07) as did the difference between 3MA+B and DFA
74%, P = 0.065). R-Mix, DFA and 3MA+B were all significantly
P < 0.0001) more sensitive than BinaxNOW (34.6%). Specificity

able 2
omparison of the analytical sensitivity of 3MA+B and BinaxNOW for the detection of infl

Dilutions of samples positive for influenza A and influenza B

1:10 1:20 1:50

est No pos/testeda No pos/tested No pos/tested
nfluenza A

3MA+B 5/5 5/5 5/5
Binax NOW 5/5 wb 5/5 vwc 0/5

nfluenza B
3MA+B 5/5 5/5 5/5
Binax NOW 5/5 w 0/5 0/5

a No pos/tested, number of samples with a positive result/number of replicates tested.
b w, weak reaction lines.
c vw, very weak reaction lines.
d ND, not done.
al Virology 45 (2009) 146–149

of 3MA+B for influenza B was less (P = 0.03) than all three other
assays.

3MA+B performed slightly better with pediatric than adult sam-
ples for detecting influenza A (72.1% vs. 66.7%) and influenza B
(93.3% vs. 85%). Influenza A and B were detected in all specimen
types with the exception of the 4 tracheal specimens. There were
no significant differences in the detection of influenza A or B by
BinaxNOW and 3MA+B when testing nasal washes and NP aspirates.
However, when testing NP swabs there were significant differences
(P ≤ 0.05) in the detection of influenza A and B for both pedi-
atric and adults samples, with BinaxNOW less sensitive (A = 37.9%,
47.2%; B = 16.7%, 39.5%, respectively) than 3MA+B (A = 72.4%, 66.0%;
B = 91.7%, 84.2%, respectively).

Discordant 3MA+B(+) results included 3 B(+) and 1A(+)B(+) by
3MA+B only, and 2 A(+)B(+) that were A(+)B(−) by culture and DFA.
Discordant DFA(+) results included 5 A(+) by DFA only. There were
no discordant(+) results for BinaxNOW. Of the 6 discordant 3MA+B,
1 B(+) was confirmed by ProFlu-1. Three of five 3MA+B influenza B
false(+) samples contained excessive blood which may have caused
a high fluorescent background signal. Of the 5 discordant DFA(+)
results, 2 A(+) were confirmed by ProFlu-1.

3.2. Comparison of the analytical sensitivity of 3MA+B and
BinaxNow

Since the clinical sensitivity of 3MA+B was greater than
BinaxNOW, a comparison of the analytical sensitivity of each assay
was performed. Despite the fact that the final specimen test vol-
ume for the 3MA+B (after buffer dilution) was 75% less than that
of BinaxNOW (neat sample), 3MA+B demonstrated an approximate
15-fold and 20-fold increase in sensitivity for detecting influenza A
and B, respectively, over BinaxNOW (Table 2).

4. Discussion

The 3MA+B demonstrated significantly better sensitivity for
detecting influenza A and B as compared to BinaxNOW and as
reported by Dale et al.12 BinaxNOW sensitivity was remarkably
decreased from when the laboratory first evaluated the assay in
2005 and may relate to differences in circulating influenza strains.13

All specimen types performed well in this study, but caution should
be used with bloody samples as false influenza B(+) might occur.
Although rapid antigen tests generally require little technical exper-

tise, they do require subjective user interpretation. The 3MA+B
Reader determined the result, reducing the chance of user misinter-
pretation leading to inaccurate reporting. In addition, the laboratory
has permanent documentation of instrument and kit QC and patient
results.

uenza A and influenza B.

1:100 1:200 1:300 1:400

No pos/tested No pos/tested No pos/tested No pos/tested

5/5 5/5 3/5 0/0
0/5 NDd ND ND

5/5 4/5 0/5 0/5
ND ND ND ND
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