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ABSTRACT

Background: This study aimed to evaluate the diagnostic performance of the STANDARD F
Influenza A/B FIA test (SD Biosensor Inc., Korea) for the rapid detection of influenza A virus in
comparison with the Sofia Influenza A+B FIA (Quidel Corp., USA) and SD BIOLINE Influenza Ag
A/B/A(H1IN1) (Standard Diagnostic, Inc., Korea) tests.

Methods: A total of 227 non-duplicated nasopharyngeal aspirates submitted for real-time
RT-PCR analysis were included in the study. We used the three commercial tests in remnant
samples from routine assays, according to the manufacturer’s instructions. We analyzed the
diagnostic performance, including sensitivity and specificity, of the three tests.

Results: Real-time RT-PCR analysis showed that 67 (29.5%) samples were positive and 160
(70.5%) were negative for influenza A virus, and that all the specimens were negative for
influenza B. The overall sensitivity and specificity for influenza A virus detection were 50.7%
and 100% for the STANDARD F, 50.7% and 100% for the Sofia, and 29.9% and 100% for the
SD BIOLINE tests, respectively. The STANDARD F and SD BIOLINE tests showed negative
results for influenza B virus in all specimens, whereas the Sofia test showed two false-positive
results.

Conclusion: The STANDARD F Influenza A/B test showed a good diagnostic performance and
may be useful for the rapid diagnosis of influenza A.
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INTRODUCTION

Influenza is an acute respiratory illness caused by influenza A or B virus that is marked by a high fever. It
is common for it to spread in the community, with outbreaks occurring mainly during the winter. According
to a report by the World Health Organization (WHO), annual epidemics of influenza cause about 3 to 5
million cases of severe illness annually and about 250,000 to 500,000 deaths [1].

The rapid and accurate diagnosis of influenza viruses is important for institution of appropriate treatment
and for the prevention of spread in the community [2]. Viral culture is the gold standard method; however,
it is time consuming and demanding [3]. On the other hand, the molecular methods, which are appealing
because of their high sensitivity and specificity, require expensive equipment with reagents and specially
trained technicians [4,5]. Many enzyme immunochromatographic assays (EIAs) have been introduced for
the detection of influenza A virus [6]. These are simple to use and produce rapid results. A fluorescence-
based immunochromatography assay (FIA) has been adopted to overcome the low sensitivity of the
standard immunoassay [7]. Recently, STANDARD F Influenza A/B FIA (SD Biosensor, Inc., Suwon,
Korea), a newly developed FIA, was introduced to detect both influenza A and B viruses.

In this study, we evaluated the performance of the STANDARD F Influenza A/B FIA for the detection of
influenza A virus by comparison with Sofia Influenza A+B FIA (Quidel Corp., San Diego, CA, USA) and
SD BIOLINE Influenza Ag A/B/A(HIN1)(Standard Diagnostic, Inc., Suwon, Korea).

MATERIALS AND METHODS

A total of 227 non-duplicated nasopharyngeal aspirates submitted for LG Advansure RV Real-time PCR
(LG Life Sciences, Seoul, Korea) between December 2016 and March 2017 were included in this study.
We calculated the number of specimens considering the sensitivity and specificity of other commercial
antigen kits. The specimens were stored at -70°C until use. We performed the three commercial rapid
antigen assays (STANDARD F, Sofia, and SD BIOLINE) with the remnants of routine assay specimens
and performed them according to the manufacturer’s recommendations.

Briefly, all specimens were prepared at room temperature. After a sample extraction step, the mixture was
pipetted onto the test cassette and incubated. The results of STANDARD F and Sofia were displayed on the
screen by the analyzer provided with the kits. For SD BIOLINE, results were determined by the presence
of a visible purple line by two technicians.

We analyzed the sensitivity, specificity, positive predictive value, and negative predictive value in relation
to the real-time RT-PCR results. This study was approved by the Institutional Review Board (IRB) of Inje
University Busan Paik Hospital (IRB No.17-0048).
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RESULTS

Of the 227 respiratory specimens, 29.5% (n = 67) were positive for influenza A virus by real-time RT-
PCR. All specimens showed negative results for influenza B virus using that test.

Among the 67 influenza-A positive specimens, STANDARD F, Sofia, and SD BIOLINE showed
positive results in 34, 34, and 20 specimens, respectively. The diagnostic performance of the three assays
is shown in Table 1. The sensitivity of STANDARD F, Sofia, and SD BIOLINE was 50.7%, 50.7% and
29.9%, respectively. The specificity of all three assays was 100%.

Table 1. Diagnostic performance of three rapid antigen assays for the detection of influenza

A virus

Test Sensitivity % (95% CI)  Specificity % (95% CI)
STANDARD F Influenza A/B FIA 50.7 (38.4-63.0) 100 (97.1-100)
Sofia Influenza A+B FIA 50.7 (38.4-63.0) 100 (97.1-100)

SD BIOLINE Influenza Ag 29.9 (19.6-42.4) 100 (97.1-100)

Abbreviations: CI, confidence interval; FIA, fluorescent immunoassay.

We describe the concordance of the assays according to the results of the real-time reverse transcription-
polymerase chain reaction (RT-PCR) (Table 2). Among the 67 positive results by real-time RT-PCR, 19
were positive in all three rapid assays. Thirteen and five specimens had positive results in two assays and
only one assay, respectively. Among these, most specimens were positive in both STANDARD F and
Sofia (n = 12) assays. An invalid result was shown in one specimen by SD BIOLINE, and this sample was

negative in the other two assays.

Table 2. Concordance of three rapid antigen assays based on real-time RT-PCR for

influenza A virus
STANDARD F Sofia Influenza ~ SD BIOLINE
RIEECIK Influenza A/B FIA A+B FIA Influenza Ag No.
+ + + + 19
+ + + - 12
+ + - -
+ - + - 3
+ + - +
+ - - =¥ 30
- - - - 160
Total 227

*Includes 1 invalid result.
Abbreviations: RT-PCR, reverse transcription polymerase chain reaction; FIA, fluorescent
immunoassay.

We confirmed all 160 negative specimens were negative by all three rapid antigen assays. All 227

specimens were negative for influenza B virus by real-time RT-PCR. We found that the influenza B virus
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was not detected in a total of 227 specimens in STANDARD F and SD BIOLINE; however, Sofia showed

false-positive results in two specimens.

DISCUSSION

The rapid antigen assays based on EIA have been adopted for the diagnosis of influenza infection
[8]. They are commonly used as a point-of-care test because they are simple to perform and provide
results within 15 minutes. Several rapid antigen assays such as BinaxNOW Influenza A&B (Binax, Inc.,
Portland, ME, USA), QuickVue Influenza A+B (Quidel Corporation, CA, USA), SD BIOLINE, and
BD Directigen EZ Flu A+B (Becton Dickinson and Company, Sparks, MD, USA) are used in many
laboratories [9]. However, despite the convenience, this method has a critical limitation of low sensitivity,
although specificity is high. The Centers for Disease Control and Prevention (CDC) published sensitivities
for BinaxNOW Influenza A&B, Directigen EZ Flu A+B, and QuickVue Influenza A+B compared with
RT-PCR were 40%, 49%, and 69%, respectively [10]. Also, Uyeki et al. reported an unacceptably low
sensitivity of the QuickVue Influenza A+B Test, 27%, compared with RT-PCR [11].

To overcome this limitation, a rapid antigen assay based on FIA has been introduced. The Sofia Influenza
A+B test enhances the sensitivity by using immunofluorescence and a digital detection system. The
previous report showed that the sensitivity of the Sofia was as high as 78% compared with RT-PCR for
influenza A virus [12]. In another study, the sensitivity and specificity compared with RT- PCR were 72.4%
and 98.3%, respectively [13]. Much like the Sofia, STANDARD F Influenza A/B FIA was developed for
the rapid detection of influenza virus based on FIA.

In our study, the sensitivity of the STANDARD F, Sofia, and SD BIOLINE for influenza A virus was
50.7%, 50.7%, and 29.9%, respectively. We confirmed that the sensitivity of STANDARD F was similar to
that of Sofia, whereas SD BIOLINE showed low sensitivity compared with the other two FIAs. So, we can
conclude that the sensitivity of FIA is twice that of EIA. In this study, the overall sensitivity was lower than
in previous reports, although the specificity was as high as 100%. We preserved the specimens after real-
time RT-PCR until the employment of the three rapid antigen assays. We assume that this delay in assay is
the reason for the low sensitivity of FIA compared with the previous reports.

We reviewed the cycle threshold (Ct) value of positive specimens of influenza A virus. The mean
Ct value of real-time RT-PCR for STANDARD F, Sofia, and SD BIOLINE were 7.08 (n = 34; range
1.96-12.85), 7.89 (n = 34; range 1.96-22.88), and 5.60 (n = 20; range 1.96-8.82). We found that Ct values
of positive specimens in STANDARD F were similar to those of Sofia, expect one (Ct value 22.88). In
addition, the specimens revealing positive results in SD BIOLINE had significantly lower Ct values than
those of STANDARD F and Sofia. These results are similar to those in the previous report [14].

We did not include influenza B virus-positive specimens, so we cannot evaluate the efficacy in detecting
that virus. However, there were two false-positive results with the Sofia. We noted similar results in other
reports [15,16]. Remarkably, Dunn et al. reported that Sofia generated 55 false-positive influenza B virus
results among 188 samples that were negative on real-time RT-PCR [16]. We should keep in mind the
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possibility of false-positive results for influenza B virus when using Sofia.

In conclusion, we confirmed the diagnostic performance of a newly developed test, the STANDARD F
Influenza A/B FIA, which has sensitivity and specificity similar to those of the Sofia Influenza A+B FIA.
We suggest that STANDARD F Influenza A/B FIA may be a useful diagnostic tool for the detection of

influenza A virus.
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