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Abstract EuDx� ufPCR Flu & RSV Detection Kit (EUDIPIA, Chungcheongbuk-do, Republic of
Korea) is a recently developed molecular assay for simultaneously detecting influenza A/B
and respiratory syncytial virus (RSV). We evaluated this assay in a clinical setting and demon-
strated its excellent performance for diagnosing influenza A/B and RSV infections.
Copyright ª 2020, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Acute respiratory tract infection is one of the most common
illnesses worldwide, regardless of age or sex.1 Especially,
viral respiratory infections are unfavorably known for their
ability to rapidly spread within communities. Influenza
annually causes respiratory tract infections in 5e15% of the
global population and severe illness in about 3e5 million
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people.2 Respiratory syncytial virus (RSV) is a common
cause of childhood acute respiratory infection, causing
almost 33 million episodes yearly.3

Early diagnosis of these viruses is essential, especially in
hospitalized patients, for shifting from empirical therapy to
targeted therapy and for preventing viral transmission.4 For
this reason, there is a need for better diagnostic tests
including better methods for the rapid detection of infec-
tious agents in clinical laboratories.2 Generally, rapid an-
tigen kits are frequently used in the clinical setting because
these tests yield results within about 30 min. However,
owing to the relatively high number of false-negative re-
sults in rapid tests, a more sensitive test is desirable.5 Real-
time polymerase chain reaction (RT-PCR) may be the most
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commonly preferred confirmatory method because it has
higher sensitivity and specificity than rapid antigen tests.6

Recently, EuDx� ufPCR Flu & RSV Detection Kit (EuDx
ufPCR Flu & RSV; EUDIPIA, Chungcheongbuk-do, Republic of
Korea) has been developed as a real-time ultra-fast PCR
(ufPCR) assay for respiratory viruses that can simulta-
neously detect influenza A and B viruses and RSV within
30 min. In this study, to evaluate the analytical perfor-
mance of EuDx ufPCR Flu & RSV, we compared the results of
316 respiratory samples to those of two conventional
multiplex RT-PCR assays: AdvanSure Respiratory virus real-
time PCR kit (LG Life Sciences, Seoul, Republic of Korea)
and Allplex� Respiratory Panel 1 (Seegene, Seoul, Republic
of Korea). Additionally, we evaluated the detection sensi-
tivity and cross-reactivity of this assay.

Methods

Clinical samples

A total of 316 respiratory specimens (251 from pediatric
patients and 65 from adult patients) were obtained to
evaluate the performance of EuDx ufPCR Flu & RSV. Of
them, 60, 116, and 80 specimens tested positive for influ-
enza A, influenza B, and RSV when assessed using Advan-
Sure Respiratory virus real-time PCR kit, respectively.
Further, 60 respiratory virus-negative samples were
selected. The specimens included nasal swabs (n Z 219),
throat swabs (n Z 63), nasal aspirates (n Z 28), and
sputum (n Z 6). The specimens were stored at �70 �C after
nucleic acid extraction and PCR assays. The protocol was
approved by the institutional review board of Chung-Ang
University Hospital (Seoul, Republic of Korea; approval
no. 1861-005-329).

EuDx� ufPCR Flu & RSV detection kit

EuDx ufPCR Flu & RSV is based on the ufPCR system for
influenza A/B and RSV in respiratory specimens. This
system adopts a microfluidic polymer chip, which per-
forms rapid amplification of genomic templates and real-
time qualitative and quantitative analyses. Each targeted
virus is amplified in a channel on a Rapi:chip� PCR chip
(Fig. 1), and EuDx� GENECHECKER� ufPCR System
(EUDIPIA) detects the fluorescence generated by the
Figure 1. EuDx� GENECHECKER� ultra-fast real-time polymeras
Samples are loaded into the inlet hole on the PCR chip, and PCR rea
2e4, influenza A subtypes pdm09, H3, and H5. Lane 5, influenza B.
internal controls.
binding of EvaGreen� dye to the amplified products in
real time. The ufPCR process takes only 30 min for
reporting the results, and its portable characteristic
allows point-of-care tests.

Evaluation protocol

Nucleic acid extraction was performed using the NucliSens
easyMAG instrument (bioMerieux, Marcy l’Etoile, France),
according to the manufacturer’s instructions. For compar-
ison with other commercially available kits, all samples
were tested with EuDx ufPCR Flu & RSV, AdvanSure Respi-
ratory virus real-time PCR kit (LG Life Sciences), and
Allplex� Respiratory Panel 1 (Seegene). Positive results in
two or more kits were considered to be a consensus of
positive results. Conversely, if two or more tests were
negative, they were considered to be a negative consensus.
Thereafter, the sensitivity and specificity for influenza A,
influenza B, and RSV were calculated. For assessing the
reliability of agreement among the three respiratory virus
assays, Fleiss’ kappa coefficients were additionally
calculated.

For evaluating the detection sensitivities for influenza
A/B and RSV, we performed a precision analysis using
different virus titers. Precision analysis was performed by
repeating the test with 4 concentrations of the test sample
6 times a day for 10 days (1:0� 104, 1:0� 103, 1:0� 102 and
1:0� 101 copies per run). To evaluate the cross-reactivity
with other pathogens, we spiked the influenza A/B- and
RSV-negative specimens with 22 other pathogens (Supple-
ment 1). Then, we tested these specimens thrice with EuDx
ufPCR Flu & RSV.

Statistics

The sensitivity, specificity, and Fleiss’ kappa coefficient
were calculated using Microsoft Office Excel 2010 (Microsoft
Co., Redmond, WA, USA) and R version 3.6.1 (The R Foun-
dation for Statistical Computing, Vienna, Austria) according
to Clinical and Laboratory Standards Institute guideline
EP12-A2.7 The kappa coefficient was assessed according to
following criteria: 0.81e1.00 for almost perfect agreement,
0.61e0.80 for substantial agreement, 0.41e0.60 for mod-
erate agreement, 0.21e0.40 for fair agreement, 0.00e0.20
for slight agreement, and <0.00 for poor agreement.
e chain reaction (PCR) system (A) and Rapi:chip� PCR chip (B).
ctions are completed within 30 min. Lane 1, influenza A. Lanes
Lane 6, respiratory syncytial virus. Lanes 7 and 8, negative and



Table 1 Diagnostic performances for detecting respiratory pathogens.

TP FP FN TN Sensitivity Specificity Fleiss’ kappa

Influenza A
EuDx ufPCR Flu & RSV 58 0 1 257 98.3 (90.9e100) 100 (98.6e100) 0.986 (0.830e1)
LG AdvanSure 59 1 0 256 100 (93.9e100) 99.6 (97.9e100)
Seegene Allplex 59 0 0 257 100 (93.9e100) 100 (98.6e100)

Influenza B
EuDx ufPCR Flu & RSV 110 0 4 202 96.5 (91.3e99.0) 100 (98.2e100) 0.972 (0.799e1)
LG AdvanSure 114 2 0 200 100 (96.8e100) 99.0 (96.5e99.9)
Seegene Allplex 114 0 0 202 100 (96.8e100) 100 (98.2e100)

RSV
EuDx ufPCR Flu & RSV 77 0 1 238 98.7 (93.1e100) 100 (98.5e100) 0.977 (0.817e1)
LG AdvanSure 78 2 0 236 100 (95.4e100) 99.2 (97.0e99.9)
Seegene Allplex 78 1 0 237 100 (95.4e100) 99.6 (97.7e100)

TP, true positive; FP, false positive; FN, false negative; TN, true negative; RSV, respiratory syncytial virus.
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Results

EuDx ufPCR Flu & RSV and two other conventional multiplex
RT-PCR assays were simultaneously performed in 316 respi-
ratory specimens. According to the results of the three as-
says, a consensus of positive results for influenza A, influenza
B, and RSV was achieved in 59, 114, and 78 specimens,
respectively. In the comparison of EuDx ufPCR Flu & RSV with
the consensus results, its sensitivity was 98.3% for influenza
A, 96.5% for influenza B, and 98.7% for RSV, and its specificity
was 100% for all three viruses (Table 1). When assessing the
agreement among the three assays, the Fleiss’ kappa co-
efficients were 0.986, 0.972, and 0.977 for influenza A,
influenza B, and RSV, respectively, and these results were
consistent with an almost perfect agreement.

On evaluating the detection sensitivity of EuDx ufPCR Flu
& RSV, we found that the detection rates for influenza A/B
and RSV samples were at least 95% at copies per run (Sup-
plement 2). In the cross-reactivity evaluation, pathogens
other than the target pathogen were not amplified or
detected in any sample. We concluded that EuDx ufPCR Flu
& RSV had an excellent detection sensitivity for about 1:0�
102 copies of influenza A/B and RSV and that it did not show
cross-reactivity for any other pathogens.

Conclusion

Because there are various potential pathogens that may
cause similar characteristics of respiratory tract infection,
clinical symptoms are rarely sufficiently distinctive to
specify the causative pathogen of respiratory illnesses.8

Clinicians need to rely on laboratory confirmation of a
clinically suspected pathogen to decide on the treatment
plan and hospitalization of patients.9 For rapid and accu-
rate detection of respiratory pathogens, a wide variety of
commercial PCR assays have been introduced. Recently,
large syndromic panels that can simultaneously detect
multiple respiratory viruses have gained large popularity
among clinical laboratories. These assays are beneficial for
making a timely treatment decision and for effective
infection prevention; however, they are still expensive for
some countries. In addition, only a few pathogens are
commonly detected in the tests, and some viruses included
in the large syndromic panels are rarely detected.10

Therefore, it would also be important to include only the
commonly isolated respiratory viruses in the molecular
assay and to provide substantially less expensive molecular
assays rather than detecting excessively various pathogens
using large syndromic panels. In this point of view, the new
EuDx ufPCR Flu & RSV would be beneficial for the rapid and
cost-effective (about $20 per test) detection of common
respiratory viruses.

In this study, we evaluated EuDx ufPCR Flu & RSV for
detecting influenza A/B and RSV. The sensitivities of this
assay were slightly lower than those of other RT-PCR assays;
however, the agreements among the three respiratory virus
assays were almost perfect for influenza A/B and RSV. In
addition, the detection sensitivity of EuDx ufPCR Flu & RSV
was excellent, and no cross-reactivity with other pathogens
was observed. Therefore, we could conclude that the kit
has the advantage of having an almost equivalent perfor-
mance to available commercial molecular assays, a shorter
turn-around time, cost-effectiveness, and portability.

In conclusion, we evaluated the recently developed
respiratory PCR assays for the rapid detection of the most
common respiratory viruses. Our results showed that EuDx
ufPCR Flu & RSV had excellent performance for diagnosing
influenza A/B and RSV infections. Therefore, we expect
that this assay would offer clinical laboratories a valuable
option for the rapid diagnosis and improved clinical man-
agement of potentially fatal respiratory viruses at a less
expensive cost.
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