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bstract

ackground: The rapid diagnosis of influenza can alter the management of a patient’s illness, resulting in reduced antibiotic usage, correct use
f influenza antivirals and reduced length of stay in hospital emergency departments. The rapid tests have also been used to detect outbreaks
n institutions and may play a role in pandemic influenza control.
bjectives: To test six different rapid influenza tests, in a head-to-head comparison for the detection of seasonal influenza types A and B,

ompared to laboratory-based tests.
tudy design: One hundred and seventy-seven clinical specimens taken from mostly paediatric patients between June and October 2006 were
ested using six influenza diagnostic tests and three laboratory-based techniques (immunofluorescence, cell culture and real-time RT-PCR).
esults and conclusion: Compared with cell culture, five of the rapid tests (Binax Now Influenza A&B, Directigen EZ Flu A + B, Denka Seiken
uick Ex-Flu, Fujirebio Espline Influenza A&B-N, and Quidel QuickVue Influenza A + B Test) demonstrated a similar influenza A sensitivity
f between 67–71% and a specificity of 99–100%, however one rapid test (Rockeby Influenza A Antigen Test) had a significantly lower

nfluenza A sensitivity of only 10% (specificity was 100%). For the five kits that detected influenza B antigen, sensitivity was considerably
ower than that seen for influenza A (sensitivity for all the kits was 30%), although the number of specimens containing influenza B viruses
as low.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Influenza is a respiratory infection that can result in sig-
ificant morbidity and mortality, particularly in the young,
lderly or immunosuppressed (Simonsen, 1999). However,
apid diagnosis of influenza infection can facilitate the use

f appropriate treatment, both improving the patients clinical
utcome and significantly reducing hospital costs (Bonner
t al., 2003). A large number of rapid influenza detection
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t
s
a
v
b
c
f
i

386-6532/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
oi:10.1016/j.jcv.2007.03.002
ests are now available that are simple to use, quick (generate
result in 15 min) and can be performed outside the labo-

atory. In general, previous studies have reported the tests to
ave a good specificity (99–100%), however different studies
ave reported significantly different sensitivity values even
hen evaluating the same test (Storch, 2003). For example

he reported influenza A sensitivity for the Becton Dickin-
on Directigen Flu A + B Test ranges from 44% (Cazacu et
l., 2004) to 96% (Chan et al., 2002). While study-to-study
ariability in sensitivity with the same test can be explained

y the differences in specimen type, influenza type/subtype
irculating, patient age and the ‘gold standard’ test used
or comparison, these differences highlight the difficulties
n comparing results of individual rapid tests when they are
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valuated in different studies. To date there are few reports
f evaluations that have included more than three rapid tests
ithin the same study (Rodriguez et al., 2002). In this study,
owever, we have conducted a head-to-head comparison of
ix influenza rapid tests for their ability to detect influenza

and B on the same clinical specimens and compared these
esults with laboratory detection methods for influenza.

. Methods

.1. Clinical specimens

One hundred and seventy-seven respiratory samples (150
asopharyngeal aspirates; 8 nasal swabs; 8 bronchioalveolar
avages; 6 sputum samples; 5 throat swabs) were obtained
rom patients with influenza-like illness at the Royal Chil-
ren’s Hospital, Melbourne, Australia between June and
ctober 2006. Patients were aged from 4 days to 64 years
ld (with 78% of patients being five years old or less), 59%
f patients were male and 41% female.

.2. Rapid influenza tests

Six influenza rapid tests—Binax Now Influenza A&B
Binax; Portland, USA), BD Directigen EZ Flu A + B (BD
Z; Sparks, MD, USA), Denka Seiken Quick Ex-Flu (Denka;
apan), Fujirebio Espline Influenza A&B-N (Fujirebio;
apan), Rockeby Influenza A Antigen Test (Rockeby; Sin-
apore) and Quidel QuickVue Influenza A + B Test (Quidel;
an Diego, CA, USA), were evaluated for their ability to
etect influenza antigen by carefully following each of the
anufacturer’s own protocols. The tests were performed on

ndiluted original specimens as soon as possible after sam-
le collection, but no longer than 24 h after collection. All of
he kits detect and differentiate between influenza A and B,
xcept for the Rockeby test which detects only influenza A.

.3. Laboratory-based techniques

Samples were processed for routine viral diagnosis in the
irology laboratory at the Royal Children’s Hospital, Mel-
ourne, using a direct immunofluorescence assay (DIF) and
rapid enhanced tissue culture combined with immunofluo-

escence assay (RETCIF) (Alexander et al., 2001), utilising
pecific monoclonal antibodies to identify a range of respi-
atory viruses. Samples were inoculated into three different
ell lines (MDCK, LLC-MK2 and Hep G cells) between 2
nd 24 h post-sample collection (majority of samples inoc-
lated between 2 and 6 h following sample collection). An
liquot of 200 �l of the undiluted clinical specimen was
tored at −80 ◦C for RNA extraction and subsequent real-

ime RT-PCR analysis at the WHO Collaborating Centre
or Influenza, Melbourne, Australia. RNA extraction was
erformed using a MagnaPure extraction system (Roche)
n accordance with manufacturer’s instructions. Real-time Ta
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T-PCR detection was performed using Taqman One-Step
T-PCR Master Mix Reagents (Applied Biosystems, USA)
nd utilising separate influenza A primers and probe as
escribed previously (Heine et al., 2007) and influenza B
rimers (Poddar, 2002) with SYBR green (Qiagen Quanti-
ect SYBR green RT-PCR kit) using an Applied Biosystems
500 Real Time PCR-System.

. Results

Of the177 clinical specimens obtained, 49 were found to
e positive for influenza A antigen by RETCIF; the labora-
ory based technique which has been used in this evaluation
s the ‘gold standard’ for the purposes of rapid test compar-
sons. An additional specimen was determined to be influenza

positive by real-time RT-PCR (i.e. 50 influenza A posi-
ive specimens), while one less specimen was found to be
nfluenza A positive by DIF (48 influenza A positive spec-
mens). Only ten specimens in the study were found to be
nfluenza B positive by RETCIF, while nine and six of these
ere detected as influenza B by RT-PCR and DIF, respec-

ively. From the remaining influenza negative specimens, four
ere found to be positive for adenovirus, one positive for

ytomegalovirus, one parainfluenza virus type 1, four parain-
uenza virus type 3, 44 for respiratory syncytial virus (RSV),
nd 2 with mixed infections containing both adenovirus and
SV.

Five of the six rapid tests evaluated (Binax, BD EZ, Denka,
ujirebio and Quidel) detected a similar number of influenza

positive specimens (33–36/49), resulting in sensitivities
anging from 67% to 73% (Table 1). However, the Rockeby
est, detected only 5/49 influenza A positive specimens, giv-
ng a sensitivity of 10% (Table 1). Of the ten influenza B
pecimens detected by RETCIF, three were detected by each
f the five rapid tests (Rockeby test does not detect influenza
) (Table 1) resulting in a sensitivity of 30% for all the rapid

ests, a value significantly lower than the influenza A sensi-
ivity. The specificity of all of the rapid tests was excellent
99–100% for both influenza A and B), with the Binax test the
nly assay to give a single false influenza A positive result,

or a sample that was found to contain RSV by RETCIF
Table 1).

Analysis of the data from patients less than 5 years old
n = 137) was found to significantly increase the sensitivity

2
a
t
(

able 2
ensitivity of rapid test kits based on data selected from different patient age range

apid test Influenza A sensitivity (%

0–2 years

inax Now Influenza A&B 23/27 (89)
D Directigen EZ Flu A + B 23/27 (89)
enka Seiken Quick Ex-Flu 23/27 (89)
ujirebio Espline Influenza A&B-N 22/27 (85)
ockeby Influenza A Antigen Test 4/27 (15)
uidel QuickVue Influenza A + B Test 23/27 (89)
Virology 39 (2007) 132–135

f the rapid test kits (Table 2). For example the sensitiv-
ty of the Binax test increased from 73% (based on data
rom all aged patients) to 91% when calculated on speci-
ens obtained from patients under 5 years of age. Other kits

lso increased between 17% and 19% in sensitivity if only
amples from children less than 5 years old were considered
with the exception of the Rockeby test which increased only
% in sensitivity). Sensitivity values did not differ signifi-
antly between the less than 5-year old cohort and the less
han 2-year old cohort.

. Discussion

Comparisons between the sensitivities of rapid tests eval-
ated in different studies are inherently difficult given the
ariability in study designs (patient age, sample type and
omparators). As such, studies like this present one, which
ompared six different rapid influenza tests head-to-head on
linical samples, are of significant value to physicians, gen-
ral practitioners and others in choosing which influenza
apid test to use. Apart from the Rockeby test, the other five
ests demonstrated very similar influenza A sensitivity, which
ncreased significantly when analysing only specimens from
hildren under five years of age. Higher sensitivities have
een reported previously in samples from young children
ompared to adults (Alexander et al., 2005; Cazacu et al.,
004; Ruest et al., 2003), presumably as a consequence of
igher levels and longer duration of viral shedding in the
ounger age group (Frank et al., 1981). In addition, previ-
us reports have also found significantly higher sensitivities
hen analysing nasopharyngeal aspirates (85% of the spec-

mens tested in this study), compared with other specimen
ypes such as throat swabs (Smit et al., 2007). Probably as

consequence of testing mainly nasopharyngeal aspirates
rom paediatric patients, influenza A sensitivity values from
his study were higher than previously reported for the Binax
59% in (Smit et al., 2007)) and BD EZ (41% in (Weinberg
nd Walker, 2005)) tests. In contrast, the sensitivity of the
ujirebio test has previously been reported to be higher than
etermined in this study (93% in one study (Mitamura et al.,

004) and 100% in another (Hara et al., 2005)). The authors
re unaware of any previously published evaluations of either
he Rockeby test, the Quidel QuickVue Influenza A + B Test
the version that differentiates between influenza A and B)

s

); age range

0–5 years 0–15 years All ages

30/33 (91) 34/40 (85) 36/49 (73)
29/33 (88) 32/40 (80) 34/49 (69)
29/33 (88) 33/40 (83) 35/49 (71)
28/33 (85) 31/40 (78) 33/49 (67)
4/33 (12) 5/40 (13) 5/49 (10)
28/33 (85) 31/40 (78) 33/49 (67)
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r the Denka Seiken Quick Ex-Flu Test. In the study by
Weinberg and Walker, 2005), the BD EZ kit had a signif-
cantly lower sensitivity than the previous Becton Dickinson
apid test, the BD Directigen Flu A + B. However, compar-
ng the influenza A sensitivity in patients under 15 years of
ge of the BD EZ test from this current study (80%) and the
D Directigen Flu A + B sensitivity from our previous study

81%) (Alexander et al., 2005), which used the same labora-
ory test comparator and similar specimen types, it appears
hat the two kits have a very similar sensitivity and specificity.

Unfortunately insufficient influenza B viruses were col-
ected during the study period to gain statistically significant
ata on influenza B sensitivity. However, the limited results
uggested that the tests performed poorer compared to
nfluenza type A, a finding that should be investigated further,
articularly given that the majority of studies performed pre-
iously have found only small differences between influenza
and B sensitivities (Cazacu et al., 2004; Dunn et al., 2003;

andry et al., 2004; Ruest et al., 2003).
This study demonstrates that the influenza rapid tests eval-

ated have a high specificity with a high positive predictive
alue (PPV), but lower sensitivities and negative predictive
alues (NPV) compared to real-time RT-PCR, DIF and RET-
IF (which all gave very similar results for both influenza
and B detection). Five of the six rapid tests included in

he study performed similarly, however the Rockeby test was
ound to be inferior, with a significantly lower influenza A
ensitivity compared to the other tests in this evaluation. The
se of these tests is likely to increase in the future, both for
easonal influenza and in the event of a pandemic situation.

hile there is little data yet available on the performance of
hese kits on humans infected with avian influenza, a recent
tudy found that six different rapid tests (including Binax,
uidel and BD EZ) detected cell culture grown H5N1 virus

s efficiently as conventional H3N2 or H1N1 isolates (Chan et
l., 2007), however these levels may be higher than is present
n H5N1 human clinical samples.
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