E BEEGNRUYTER Folia Medica 2015,’ 57(2) 104-110

G Copyright © 2015 Medical University, Plovdiv
doi: 10.1515/folmed-2015-0027

(ORIGINAL ARTICLES )

Clinical Investigations

COMPARISON OF DIRECTIGEN FLU A+B WITH REAL TIME PCR IN THE DIAGNOSIS OF
INFLUENZA

Golubinka Bosevska'*, Nikola Panovski 2, Elizabeta Janceska !, Vladimir Mikik !, Irena Kondova Topuzovs-
ka3, Zvonko Milenkovik3

!Institute of Public Health, *Institute of Microbiology and Parasitology, Medical Faculty, Sts. Cyril and
Methodius University, 3Clinic for Infectious Diseases and Febrile Conditions, Medical Faculty, Sts. Cyril
and Methodius University, Republic of Macedonia

CPABHEHUE MMMYHOXPOMATOI'PAOUYECKOI'O METOJA (DIRECTIGEN FLU A+B)
N TECTA RT-PCR IIPU MHO®EKLUAX I'PUIIITIA

I'eab6unka bocescka!*, Hukona [anoscku?, Enuszabera Sluuecka', Bnangumup Mukuk!, Hpena Konnosa
Tomy3oBcka®, 3B0HKO MUJIMHKOBHUK?

THnemumym obuecmeennozo 300poevs, >Hncmunym muxpobuono2uu u napasumono2uu, Meduyunckuil
paxyromem, Ynusepcumem Cesmuvix Kupunna u Megoous, 3Kunuka ungexyuonnvix 3abonesanuti u
auxopaoounvix cocmosnuti, Meouyunckuii paxynomem, Ynusepcumem Ceamoix Kupuina u Meghoous,
Pecnybruxa Maxedonus

ABSTRACT

Early diagnosis and treatment of patients with influenza is the reason why physicians need rapid high-sensitivity
influenza diagnostic tests that require no complex lab equipment and can be performed and interpreted within
15 min. The Aim of this study was to compare the rapid Directigen Flu A+B test with real time PCR for detec-
tion of influenza viruses in the Republic of Macedonia. MATERIALS AND METHODS: One-hundred-eight respira-
tory samples (combined nose and throat swabs) were routinely collected for detection of influenza virus during
influenza seasons. Forty-one patients were pediatric cases and 59 were adult. Their mean age was 23 years. The
patients were allocated into 6 age groups: 0 -4 yrs, 5 -9 yrs, 10 — 14 yrs, 15— 19 yrs, 20-64 yrs and > 65 yrs. Each
sample was tested with Directigen Flu A+B and CDC real time PCR kit for detection and typisation/subtypisation
of influenza according to the lab diagnostic protocol. ResuLTs: Directigen Flu A+B identified influenza A virus
in 20 (18.5%) samples and influenza B virus in two 2 (1.9%) samples. The high specificity (100%) and PPV of
Directigen Flu A+B we found in our study shows that the positive results do not need to be confirmed. The overall
sensitivity of Directigen Flu A+B is 35.1% for influenza A virus and 33.0% for influenza B virus. The sensitivity
for influenza A is higher among children hospitalized (45.0%) and outpatients (40.0%) versus adults. CoNcCLU-
sioN: Directigen Flu A+B has relatively low sensitivity for detection of influenza viruses in combined nose and
throat swabs. Negative results must be confirmed.
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PE3IOME

Jist paHHEH TUAarHOCTHKY M JICYSHUS MTAIIMEHTOB C TPHUIIIIOM HY>KHBI BHICOKOUYBCTBUTEIBHBIE INarHOCTHYECKUE
TECTBI, IPUMEHEHHE KOTOPHIX HE TPeOyeT CIIOKHOTO JIabOpaTOpHOro 00OpYHOBAaHUS, a MPOAOIIKUTEIFHOCTh
MPOBEJICHUS W YUTKA peakuuu He mnpesbimaeT 15 muHyT. LIEABIO JaHHOTO HCCIIEAOBaHUS SIBISETCS
corocTaBuTeIbHOE cpaBHeHHE ObicTporo Tecta Directigen Flu A+B ¢ rectrom PCR B pesxnme peanbHOTO BpeMeHH
TIPY BBISIBJICHUH BHPYCOB Tpurma B Pecrryonmuke Makenonnu. MATEPHAJIBI M METOJbI: B TeueHne HECKOIBKHUX
MECSIIEB PACHPOCTPAHEHHsI CE30HHOTO rpumnma O0buto nposeneHo 108 mpIxarenbHbIX MpoO (KOMOMHUPOBAHHBIC
Ma3ku U3 Hoca W ropna). Cpean nanmeHTOB Obl 41 peGEHOK M 59 B3POCHBIX, CPEAHMI BO3pAcT KOTOPBIX
cocrtapisut 23 rona. [larueHTsI OBITH pa3feNieHbl Ha CiIeayronue Bo3pactabie rpymmsl: 0 -4,5-9, 10— 14, 15 -
19, 20 — 64 net u crapmre 65 set. Kaxkmas mpoOa Obl1a mpoTecTHpoBaHa ¢ ucnonb3oBanueM Directigen Flu A+B
n TectoBoro Habopa B pexumMe peanbHoro Bpemenn PCR CDC Ha BBISIBIIGHHE U ONpEIEIeHUE TUIA U TTOATHIIA
BHpYyCa T'PHUIIA B COOTBETCTBUH C JaOOPATOPHBIM AMArHOCTUYECKHUM NpOoTOKosoM. PE3VibTATBI: Tect Directi-

Article’s history: Received: 25April 2014; Received in a revised form: 27 Oct 2014; Accepted: 18 Feb 2015
*Correspondence and reprint request to: G. Bosevska, Institute of Public Health, Republic of Macedonia

Tel: +389 2 3125044 ext.231; E-mail: golubinka@yahoo.com
104 50 Divizija No 6, 1000 Skopje, R. Macedonia



Comparison of Directigen Flu A+B with Real Time PCR in Diagnosis of Influenza

gen Flu A+B BesiBun 20 (18.5%) npo0 ¢ TOJI0KHUTENBHBIM Pe3yibTaToM Ha Bupyc rpunma A u 2 npo0st (1.9%)
C TIOJIOKHTENBHBIM PEe3yNIbTaToM Ha BHpYC rpunna B. Beicokas crenens cnenuduunoct (100 %) u BbIcOKas
CTeTeHb MOJIOKUTEIBHOTO TPOrHO3UPYEMOT0 3HAYCHUSI, KOTOpPBIE MpojieMoHCTprpoBai Tect Directigen Flu A+B
BO BpeMsI HAIIIETO UCCIIEIOBAHNUS ABIISIOTCS IOKA3aTeIeM TOTO, YTO TOJI0KUTENIbHBIE Pe3yIbTaThl HE HYK/IAl0TCS B
noaTBeprkaeHrH. O0mIas 4yBcTBUTENBLHOCTH TecTa Directigen Flu A+B cocrasisier 35.1 % Ha Bupyc rpumnmna Tuma
A n 33.0 % na Bupyc rpumnma tuna B. Tect Ha Bupyc rpumnma Tua A nposiBuiI 00s1ee BEICOKYIO YyBCTBUTEIILHOCTh
npu aetsix (rocnutanusuposano 45.0 %, amOynaropHbix —40.0 %) 1o cpaBHEHHIO C aHAIOTUYHOW ITPU B3POCIIBIX.
3akmoueHnE: Tecr Directigen Flu A+B oGnasaer 0THOCHTENIEHO HU3KOH 4yBCTBUTEIBHOCTBIO ITPH BBISIBICHUT
BUpPYCHOW MH(EKINHU B Ma3Kax U3 ropia u Hoca. OTpUIaTeIbHbIE PE3YJIbTAThI MOJIEKAT BEPUPHKALIUH.

KaroueBble caoBa: epunn, dvicmpoiti mecm, RT-PCR
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INTRODUCTION

Influenza infections caused by the influenza A and B
viruses are the most common respiratory infections.
They can be self-limiting in healthy individuals. In
very young (< 2 yrs), and elderly (> 65 yrs) indi-
viduals, people with co-morbidities such as chronic
pulmonary, cardiovascular and metabolic disorders
and immunocompromised individuals, influenza can
be the cause for influenza-associated complications
such as sinusitis, pharyngitis, bronchitis, pneumonia,
croup and otitis media; prolonged hospitalization
and mortality.!?

Antiviral drugs are effective and well tolerated
in a variety of low- and high-risk patients when
used within the first 48 h from onset of the dis-
eases and prophylaxis of influenza. Many studies
have demonstrated that early initiation of oral os-
eltamivir therapy increased its therapeutic effects
reducing the duration of the symptoms, severity of
the illness, incidence of secondary complications,
and duration of the hospitalization.3

Influenza can be difficult to diagnose based
on clinical signs and symptoms alone because
influenza illness can be similar to illness caused
by other infectious agents including parainfluenza
viruses, adenovirus, respiratory syncytial virus and
Legionella spp.»">® Timely diagnosis and treatment
of patients with influenza is the reason why physi-
cians need rapid influenza diagnostic tests with high
sensitivity requiring no complex lab equipment and
being able to be performed and interpreted easily
within 15 minutes.®

AIM

The aim of this study was to compare the rapid
Directigen Flu A+B test with real time PCR for
detection of influenza viruses in the Republic of
Macedonia.
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MATERIALS AND METHODS

The samples included in this study were tested as
part of a public health surveillance. The patients
were informed about the need for taking samples
and testing for influenza. The sampling procedure
was performed after obtaining informed consent
from the patients. The study was conducted in full
conformity with the Helsinki declaration. The 108
respiratory samples that were routinely collected to
detect influenza virus were nose and throat swabs
taken during influenza seasons. They were placed
immediately in a transport medium, kept at 2-8°C
and transported to the laboratory as soon as pos-
sible. The nose and throat samples from each patient
were combined in one single sample. Forty-one
(37.9%) patients were pediatric cases (0-18 years
old) and 59 (54.6%) were adult. Their mean age
was 23 years (range 0-87 years). The patients were
allocated into several age groups as follows: 0 — 4
yrs (n = 16), 5 — 9 yrs (n = 8), 10 — 14 yrs (n =
8), 15— 19 yrs (n = 11), 20 — 64 yrs (n = 54) and
> 65 yrs (n = 3). The samples were taken from 87
(80.5%) hospitalized patients and from 21 (19.4%)
outpatients.

RNA extraction was performed with QIAamp
viral RNA kit (Qiagen, Germany) according to
the manufacturer’s instructions and used for real
time PCR reaction for detection and typisation/
subtypisation of influenza virus. CDC real time RT-
PCR was used with specific matrix and HA gene
primers and probes for influenza virus typing and
subtyping. The reaction was performed according
to published laboratory diagnostic protocol (World
Health Organization). CDC Protocol of rtRTPCR
for swine influenza A (HIN1), 28 April 2009. The
WHO Collaborating Centre for influenza at CDC
Atlanta, United States of America).!’ Diagnostic
kits were globally available via WHO Global In-
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fluenza Surveillance Network (GISN).!! The assay
was performed on a IQ5 (Biorad). The turnaround
time in real time machine is 2 hours.

The specimens were aliquot and stored at
-70°C. They were tested with Directigen Flu A+B
(Becton, Dickinson and Company, Maryland, USA).

Directigen Flu A+B is a membrane-based enzyme
immunoassay for direct, simultaneous and qualitative
detection of influenza A and B viral antigens. We
performed it according to the instructions of the
manufacturer. The sample was mixed with deter-
gent and mucolytic agent and applied to the test
membrane. After washing, the enzyme conjugated
monoclonal antibody was added and the reactiv-
ity was determined by the appearance of a purple
triangle on the membrane. A purple control dot
only with no visible triangle indicates a negative
test. The test took 15 minutes to perform.

The sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) of
the Directigen flu A+B test results were calculated
using results of the rRT-PCR assay as reference.

RESULTS

Out of the 108 samples tested with rRT-PCR, 72
(66.7%) were positive. Of these 57 (79.2%) were
positive for influenza A virus and 15 (20.8%) for
influenza B virus. From the influenza A positive
samples 33 (57.9) were flu A/Hl1pdm09, 8(14.0%)
flu A/H3 and 16 (28.1%) were not subtyped.

Out of 108 samples tested with Directigen Flu
A+B, 20 (18.5%) samples were positive for influ-
enza A and 2 (1.9) were positive for influenza B .

Test parameters of the Directigen Flu A+B test
as compared with the rtRT-PCR (CDC) assay are
shown in Tables 1, 2 and 3 by age groups.

DISCUSSION

Clinicians need fast, accurate and sensitive tests for
detection of influenza virus in their daily routine
work. Rapid tests are important for optimal timing
of antiviral use, they eliminate the unnecessary
prescription of antibiotics, and appropriate manage-
ment of patients with influenza.

Real time RT-PCR is a method with high sensitiv-
ity (99.4%) and specificity of diagnosing influenza
virus infections, but it is too laborious and time
consuming, requiring special complex laboratory
infrastructure and equipment, and trained, highly
skilled staff. It is not rapid and far from easy to
perform if one has a low level of expertise.'?

Directigen Flu A+B is an easy rapid test taking
only 15 minutes to perform. It does not require
laboratory expertise and is able to be performed
in the physician’s office.

When evaluating the performance of rapid tests
it is important to consider the following factors
related to specimen (type, quality and transport),
patient (age and immune status) and influenza type.®

According to the manufacturer specimens ac-
ceptable for influenza testing with Directigen Flu
A+B are nasopharyngeal washes, nasopharyngeal
aspirates, nasopharyngeal swabs, throat swabs, and
bronchoalveolar lavages. We used nose and throat
swabs as these are quite simple to take and can
practically be collected in a physician’s office.
However, swab specimens are the least sensitive
and the least specific in comparison with nasopha-
ryngeal washes and aspirates due to higher viral
loads in nasopharyngeal washes.'3

Manufacturer reports give sensitivity of 76.7%
for influenza A and 0.00% for influenza B vi-
rus from combined nose/throat swabs compared

Table 1. Test parameters of the Directigen Flu A+B test as compared with the rtRT-PCR (CDC) assay

Sensitivity Specificity PPV NPV
in % in % in % in %
(95% CI) (95% CI) (95% CI) (95% CI)
35.1 100 100 58.0
Total for Influenza A (24.0 - 48.1) (93.0 - 100) (83.9 - 100)  (56.4 - 74.0)
485 100 100 80.7
for Influenza A/H1pdm09 (32.5 - 64.8) (94.9 - 100) (80.6 - 100)  (71.2 - 87.6)
37.5 100 100 94.3
for Influenza A/H3 (13.7 - 69.4) (95.6 - 100) (43.85 - 100)  (87.4 - 97.5)
for Tnfl B 13.3 100 100 87.7
or tiuenza (3.7 - 37.9) (96.0 - 100) (342 - 100)  (80.1 - 92.7)
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Table 2. Test parameters of the Directigen Flu A+B test as compared with the RT-PCR (CDC) assay according

age groups
Sensitivity Specificity PPV NPV
in % in % in % in %

(95% CI) (95% CI) (95% CI) (95% CI)
- 57.1 100 100 75.0

for Influenza A - age 0 - 4 (n = 16) (25.1 - 842)  (70.1 - 100)  (51.0 - 100)  (46.8 - 91.1)
B 57.1 100 100 25.0

for Influenza A - age 5 -9 (n =8) (25.1 - 842)  (20.65 - 100)  (51.0 - 100) (4.6 - 69.9)
B 25.0 100 100 57.1

for Influenza A - age 10 - 14 (n = 8) (4.6 - 69.9) (51.0 - 100)  (20.6 - 100)  (25.1 - 84.2)
- 28.6 100 100 44.4

for Influenza A - age 15 - 19 (n = 11) 82-641)  (51.0-100) (342 -100) (189 - 73.3)
for Influenza A overall 44.0 100 100 56.3

age 0 - 19 (n = 43) (267 - 62.9) (824 - 100)  (74.1 - 100)  (39.3 - 71.8)
B 28.0 100 100 61.7

for Influenza A - age 20 - 64 (n = 54) (143 - 47.6) (883 - 100)  (64.6 - 100)  (47.4 - 74.2)
B 50.0 100 100 50.0

for Influenza A - age > 65 (n = 3) (9.4 - 90.5) (20.6 - 100)  (20.6 - 100) (9.4 - 90.5)
B 25.0 100 100 80.0

for Influenza B - age 0 - 4 (n = 16) (4.6 - 69.9) (75.7 - 100)  (20.6 - 100)  (54.8 - 92.9)

for Influenza B - age 5 -9 (n = 8) NA (67.61(10100) NA (67.61(20100)
0 100 87.5

for Influenza B - age 10 - 14 (n = 8) (0.0 - 79.3) (64.6 - 100) NA (52.9 - 97.8)

for Influenza B - age 15 -19 (n = 11) NA (74 11(30100) NA (74 11(30100)
B 20 100 100 95.0

for Influenza B overall age 0 - 19/ (n =43) 5 o 65 4y (90.8 - 100)  (20.6 - 100)  (77.9 - 96.2)
0 100 85.2

for Influenza B - age 20 - 64 (n = 54) (0.0 - 32.4) (92.3 - 100) NA (73.4 - 92.3)

for Influenza B - age > 65 (n = 3) NA 43 81(30100) NA 3 81(30100)
. - 50.0 100 100 85.7

for Influenza B - age missing (n = 8) (9.4 - 90.5) (61.0 - 100)  (20.65 - 100) (48.7 - 97.4)

with culture versus sensitivity of 95.7%/87.5%
for influenza A and B, respectively when using
nasopharyngeal aspirates. The sensitivity of the
test when using throat swabs in pediatric cases is
79%, and in adult cases is 63%. The specificity
reported by the manufacturer is 90.8% for influ-
enza A and 100% for influenza B from combined
nose/throat swabs, and 91.4% - 98.1% specificity
for influenza A - influenza B, respectively when

Folia Medica 2015; 57(2): 104-110
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using nasopharyngeal aspirates. (Leaflet provided
by the manufacturer in the kit).

The high specificity (100%) and PPV of the
Directigen Flu A+B test observed in our study
indicates that positive results can be the final re-
sults allowing the physician to make a decisions
for the treatment. That is comparable to previously
published studies for rapid tests, including the
Directigen Flu A+B.>!415
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Table 3. Test parameters of the Directigen Flu A+B test as compared with the rtRT-PCR (CDC) assay according

hospitalization of different groups

Sensitivity Specificity PPV NPV
in % in % in % in %
95% CI) 95% CI) 95% CI) 95% CI)
for Influenza A — children (0 - 18 years) 45.0 100 100 54.2
hospitalized (n = 33) (25.8 - 67.8) (77.2 - 100) (77.2 - 100) (35.1 - 72.1)
for Influenza A - children 40.0 100 100 50.0
(0 - 18 years) outpatient (n = 8) (11.8 - 76.9) (43.8 - 100) (34.2 - 100) (18.8 - 81.2)
for Influenza A — adults hospitalized 29.2 100 100 59.5
(n = 49) (14.9 - 49.2) (86.7 - 100) (64.6 - 100) (44.5 - 72.3)
for Influenza A - adults outpatient 33.3 100 100 77.8
(n = 10) (6.1 -79.2) (64.6 - 100) (20.6 - 100) (42.3 - 94.3)
for Influenza A total hospitalized 34.7 100 100 543
(n = 87) (22.9 - 48.7) (90.8 - 100) (81.6 - 100 (42.7 - 65.4)
Total Influenza A outpatient 37.5 100 100 72.2
(n =21) (13.7 - 69.4) (77.2 - 100) (43.8 - 100) (49.1 - 87.5)
for Influenza B - children (0 - 18 years) 25.0 100 100 90.6
hospitalized (n = 33) (4.6 - 69.4) (88.3 - 100) (20.6 - 100) (75.8 - 96.8)
for Influenza B - children (0 - 18 years) 0 100 NA 87.5
outpatients (n = 8) (0.0 - 79.3) (64.6 - 100) (52.9 - 97.8)
for Influenza B — adults hospitalized 0 100 NA 87.8
(n = 49) (0.0 - 39.0) (91.8 - 100) (75.8 - 94.3)
for Influenza B - adults outpatient 0 100 NA 80.0
(n = 10) (0.0 - 65.8) (67.6 - 100) (49.0 - 94.3)
for Influenza B - total hospitalized 10 100 100 89.5
(n = 87) (1.8 - 40.4) (95.2 - 100) (20.6 - 100) (81.3 - 100)
for Influenza B - total outpatient 20 100 100 80.0
(n =21) (3.6 - 62.4) (80.6 - 100) (20.6 - 100) (58.4 - 91.9)

The overall sensitivity of Directigen Flu A+B
in the present study using combined nose and
throat swabs is 48.5% for influenza A and 13.3%
for influenza B which is lower than what has been
found in other studies. In general, rapid tests show
lower sensitivity than the sensitivity of PCR.!3!4

Previous studies described variable low sensitiv-
ity ranging from 31.7% to 89% depending on the
brand of rapid test.!4-2°

The sensitivity of Directigen Flu A+B is higher
in detecting influenza A versus influenza B virus
which is a result consistent with the results in other
studies.?! Possible reasons is the higher number
of samples positive for influenza A (57 samples)

108

versus 15 influenza B positive samples included
in the study.

Because the test is based on an antigen-antibody
reaction with monoclonal antibodies specific for
nucleoprotein (NP) with high homology in type
A and B viruses, the sensitivity of the rapid test
depends on the level of cross-reactivity of the NP-
specific antibodies.??

For influenza pandemics it is important to find
an assay able to detect influenza virus type A and
a range of virus subtypes, particularly those with
pandemic potential.

Among influenza A subtypes in our study bet-
ter sensitivity was displayed in the detection of

Folia Medica 2015; 57(2): 104-110
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H1pdm09. This can be accounted for by the pos-
sible domination of Influenza A/H1pdm09 subtype
in the influenza seasons and study group. However,
due to a limited number of samples, the difference
in sensitivity for HIN1pdm versus H3N2 did not
reach statistical significance. The test’s sensitivity
depends on time of collection during the illness
and the type of sample.?

The sensitivity for influenza A is higher among
children hospitalized (45.0%) and outpatients (40.0%)
especially among age groups 0-4 and 5-9 years, and
was especially low in hospitalized and outpatient
adults. Sensitivity is decreasing with age.>?° The
difference of the sensitivity between children and
adults can be result of the longer virus shedding
by the children.?*> Also, children with influenza
virus type A infections have higher viral loads in
the nasopharynx than older patients.?!

The false negative results are possible at the early
stage of infection when the virus load is relatively
low and NP is insufficient to be detected with rapid
test. Other reasons could be low quality of sample
or a small number of studied patients.??>3

Negative tests can be the reason for delay in
administration of antivirals which can lead to
increased severity of influenza and likelihood of
mortality. Negative result must be verified.

We didn’t confirm the findings in Chan et al.
where the sensitivity, specificity, PPV and NPV of
the Directigen Flu A+B for influenza A were 96%,
99.6%, 96% and 99.6% and for influenza B these
were 87.5%, 96.8%, 80% and 98%, respectively.?!

LIMITATIONS OF THE STUDY

Specimen type affects rapid test performance, but
we were not able to compare different specimens
from one and the same patient. Multiple testing was
not performed with individual samples. Most of the
samples were kept frozen at -70°C for different time
until the rapid test became available. In our study
the samples were relatively few, as well as samples
divided by age groups and type/subtype of the virus
which can influence the results. These rises the need
for larger sample size in further studies.

CONCLUSIONS

Our findings indicates that the available rapid test
in our lab for detection of influenza A and B - Di-
rectigen Flu A+B - has a relatively low sensitivity
for detection of influenza viruses in combined throat
and nose swabs. The low sensitivity indicates that it
produces high false negative results. I this respect,

Folia Medica 2015; 57(2): 104-110
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negative results obtained with this test should be
confirmed with rtRT-PCR and clinicians should
not rule out influenza, or change the decision for
treatment based on a negative test result. There is
a need to use more sensitive rapid test.

On the other hand, high specificity of the Di-
rectigen Flu A+B test for detection of influenza
A and B implies that physicians can consider the
positive results final and use them to plan further
treatment.
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