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Background: The Automated Fluorescent Immunoassay System (AFIAS) rotavirus assay
(Boditech Med Inc., Chuncheon, Korea) is a new rapid antigen test for rotavirus detection.
We evaluated the performance of this assay for detecting rotaviruses and their specific
genotypes in clinical stool samples.

Methods: AFIAS rotavirus assay was performed in 103 rotavirus-positive and 103 rotavi-
rus-negative stool samples (confirmed by both PCR and ELISA), and its results were com-
pared with those of PCR, ELISA, and immunochromatographic assay (ICA). We evaluated
diagnostic sensitivity/specificity, the detectability of rotavirus subtypes, lower limit of detec-
tion (LLOD), reproducibility, cross-reactivity, and interference of AFIAS rotavirus assay.

Results: Based on PCR and ELISA results, diagnostic sensitivity and specificity of the
AFIAS rotavirus assay were both 99.0%. LLOD results showed that the AFIAS assay had
sensitivity similar to or greater than ICA and ELISA. High reproducibility was confirmed,
and no cross-reactivity or interference was detected. This assay could detect genotypes
G1PI8], G2P[4], G3P[8], G4P[6], G4PI8], G8P[4], G8P[8], GOP[4], and GOP[8].

Conclusions: The AFIAS rotavirus assay showed high reproducibility, sensitivity, and spec-
ificity as well as excellent agreement with ELISA, PCR, and ICA. It detected the most com-
mon as well as unusual genotypes of rotavirus prevalent in Korea. It could be a useful on-
site assay for rapid, convenient, and cost-effective detection of rotavirus infection.
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INTRODUCTION

Rotaviruses are the major cause of severe diarrheal disease in
children below five years worldwide [1, 2]. An estimated 215,000
children died from severe rotavirus-related gastroenteritis in 2013,
with most of these deaths occurring in developing countries [3].

Rotaviruses has a genome of 11 double-stranded RNA seg-
ments surrounded by a triple-layered capsid consisting of a core,
inner capsid, and an outer capsid layer [1, 2]. Based on the an-
tigenic variants of the VP6 inner capsid protein, rotaviruses can
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be classified into nine serogroups (A-l). Group A rotaviruses are
the principal agents of human infections. The outer capsid pro-
tein consists of two structural proteins, VP7 and VP4, which are
used to classify rotaviruses into the VP7 (G) and VP4 (P) geno-
types. Over 27 G and 37 P genotypes have been reported to
date, and the genotypic distribution of rotavirus strains shows
temporal and geographic fluctuations [1, 21.

Accurate and rapid diagnosis of rotavirus infection is impor-
tant to determine appropriate treatment and to prevent the un-
necessary use of antibiotics and spread of the infection. Practi-
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cally, rotavirus infection can be diagnosed from stool samples
by immunoassays and molecular diagnostic techniques, such
as PCR. Immunoassays (immunochromatography, enzyme im-
munoassay, etc.) are the most widely used diagnostic methods
in routine laboratories because of the rapid turn-around time
and cost-effectiveness. The antibodies used in these assays are
the most important factors determining detection efficiency for
stool samples [4, 5]. Monoclonal antibodies targeting the VP6
inner capsid protein, which is known to have epitopes in com-
mon with most rotavirus genotypes, are widely used in rotavirus
detection immunoassays [6]. As over 27 G and 37 P genotypes
of rotavirus have been reported, it is necessary to confirm that a
given rotavirus detection immunoassay will be able to detect
most of the numerous rotavirus genotypes. However, there is lit-
tle information available on genotype detectability of commercial
rotavirus immunoassays because genotype analysis of rotavirus
has been performed at only a few rotavirus research laborato-
ries, not at general clinical laboratories. Therefore, genotype de-
tectability of rotavirus immunoassays should be evaluated.

The Automated Fluorescent Immunoassay System (AFIAS)
rotavirus assay (Boditech Med Inc., Chuncheon, Korea) is a newly
developed automated fluorescent lateral-flow immunoassay for
the rapid detection of rotaviruses in human stool samples [7].
We evaluated its performance for detecting rotaviruses in stool
samples from Korean patients and compared the results with
those of other conventional assays. In addition, we examined
which genotypes can be detected with the AFIAS rotavirus assay.

METHODS

Stool samples

This study was approved by the Institutional Review Board of
Hallym University, Dongtan Sacred Heart Hospital (IRB No. 2016-
105). A total of 103 rotavirus-positive and 103 rotavirus-negative
stored stool samples were used. The stool samples were col-
lected from 206 gastroenteritis patients admitted to Hallym Uni-
versity Dontan Secred Heart Hospitals between October 2015
and March 2016. Age ranged from O to 90 years (median, three
years); 87.4% of the positive samples were obtained from patients
younger than five years. Each stool sample was diluted to a 10%
stool suspension in phosphate-buffered saline and stored at
-70°C until use. The positive/negative status of these samples
was confirmed by PCR (Seeplex Diarrhea-V ACE; Seegene, Seoul,
Korea) and ELISA (RIDASCREEN Rotavirus test; R-Biopharm,
Darmstadt, Germany). Samples determined to be positive by
both PCR and ELISA were regarded as “true positive” samples,
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and samples determined to be negative by both methods were
considered “true negative” samples. Samples that had discor-
dant results between the two assays were excluded.

AFIAS rotavirus assay

The AFIAS rotavirus assay detects the rotavirus VP6 capsid anti-
gen in stool samples, using the AFIAS-6 analyzer system (Bodi-
tech Med Inc.) and disposable AFIAS cartridge (Boditech Med
Inc.). This assay uses sandwich immunoassay with detector
mAbs (Mouse Anti-Rotavirus monoclonal antibody labeled with
europium chelate) in a sample pad and capture mAbs (Mouse
Anti-Rotavirus monoclonal antibody) immobilized on the nitro-
cellulose membrane in AFIAS cartridge [7]. Fifty microliters of
the diluted stool sample was added to the sample pad contain-
ing a dried fluorescence-labeled detector antibody of the car-
tridge, and the sample was then moved onto the nitrocellulose
membrane in the cartridge by capillary action. If the target rota-
virus antigens were present in the sample, they would react with
the fluoresence-labeled detector antibody to form an antigen-
antibody complex and would be moved and then captured by
capture antibodies on the nitrocellulose membrane. After a re-
action time of 12 minutes, the AFIAS-6 scanner (Boditech Med
Inc.) measured the fluorescence intensity, which was expressed
as a relative COI (cut-off index) value and was approximately
proportional to the concentration of the rotavirus antigens in the
sample. The sample result was interpreted as “positive” when
the COI of the AFIAS-6 rotavirus assay was >1.0 and “nega-
tive” when COIl was <1.0. All procedures were performed ac-
cording to the manufacturer’s instructions.

Comparative assays

Multiplex PCR for rotavirus RNA detection

The Seeplex Diarrhea-V ACE detection kit was used to simulta-
neously detect Group A rotaviruses, adenovirus types 40 and 41
(species F), noroviruses Gl and GllI, and astroviruses. Viral RNA
was extracted from the stool suspensions using a QlAamp Viral
RNA Mini kit (Qiagen, Hilden, Germany) and the QlAcube plat-
form (Qiagen). The nucleic acids were amplified on a PTC-200
thermal cycler (Bio-Rad, Hercules, CA, USA), and the PCR prod-
ucts were visualized after electrophoresis on an agarose gel. All
procedures were performed according to the manufacturer’s in-
structions.

ELISA for rotavirus antigen detection
A rotavirus antigen assay was conducted using the RIDASCREEN
Rotavirus test and an automated ELISA application (GEMINI,
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Stratec Biomedical AG, Birkenfeld, Germany). This assay also
uses monoclonal antibodies against rotavirus VP6 capsid anti-
gens. One hundred microliters of the diluted stool suspension
was added to the microwell plate, and the assay was performed
according to the manufacturer’s instructions. The qualitative re-
sults (positive or negative) were read based on the calculated
cut-off (optical density [OD] of negative control+0.15).

Immunochromatographic assay (ICA) for rotavirus antigen detection
The SD Bioline Rotavirus test (Standard Diagnostics, Yongin, Ko-
rea) is an ICA that automatically detects rotavirus VP6 capsid
antigen in stool samples [8]. Three drops of diluted stool sam-

Table 1. Viruses, bacteria, and fungi tested for cross-reactivity
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ples were added to the sample wells of the test device, and the
results (positive or negative) were read with naked eyes after 15
minutes, according to the manufacturer’s instructions.

Rotavirus VP7 and VP4 genotyping

Rotavirus G (VP7) and P (VP4) genotyping was carried out by
reverse transcription (RT)-PCR and sequencing, using VP7- and
VP4-specific primer sets [2]. RT-PCR was carried out with a
Qiagen OneStep RT-PCR Kit (Qiagen), and PCR products were
sequenced on an Applied Biosystems 3,500 Dx Genetic ana-
lyzer (Applied Biosystems, Foster City, CA, USA). Genotyping
was performed by GenBank nucleotide Basic Local Alignment

Viruses and fungi

Bacteria

Adenovirus Type 40 (ATCC VR-931)

Adenovirus Type 41 (ATCC VR-930)

Adenovirus Type 31 (ATCC VR-1109)

Adenovirus Type 1 (KBPV-VR-57)

Adenovirus Type 2 (KBPV-VR-58)

Adenovirus Type 3 (KBPV-VR-2)

Adenovirus Type 4 (KBPV-VR-60)

Astrovirus (fecal sample from patient)

Coxsackievirus B Type 3 (ATCC VR-688)

Coxsackievirus B Type 6 (ATCC VR-1037) Cytomegalovirus (ATCC VR-538)
Enterovirus Type 71 (ATCC VR-784)

Herpes simplex virus Type 1 (ATCC-VR-733)

Herpes simplex virus Type 2 (ATCC-VR-734) Norovirus (fecal sample from patient)
Poliovirus Type 1 (ATCC VR-58)

Candida albicans (clinical isolate)

Candida parapsilosis (clinical isolate)

Aeromonas hydrophila (KCCM 32586)
Campylobacter sp. (clinical isolate from patient)
Clostridium difficile (clinical isolate)
Clostridium perfringens (KCCM 40946)
Campylobacter spp. (clinical isolate)
Escherichia coli (ATCC 25922)

Enterococcus faecalis (RTCC 29212)
Enterobacter cloacae (KCCM 12178)
Klebsiella oxytoca (ATCC 700432)

Klebsiella pneumoniae (KCCM 41285)
Methicillin-resistant Staphylococcus aureus (ATCC43300)
Neisseria gonorrheae (ATCC 49226)
Pseudomonas aeruginosa (ATCC 27853)
Proteus vulgaris (clinical isolate)

Proteus mirabilis (clinical isolate)

Salmonella typhi (clinical isolate)

Salmonella Group B (clinical isolate)
Salmonella Group C (clinical isolate)
Salmonella Group D (clinical isolate)
Salmonella Group E (clinical isolate)

Shigella Group D (clinical isolate)

Serratia marcescens (clinical isolate)
Staphylococcus aureus (ATCC 29213)
Staphylococcus epidermidis (clinical isolate)
V. parahemolyticus (clinical isolate)

Vibrio vulnificus (clinical isolate)

Yersinia enterocolitica (clinical isolate)
Yersinia pseudoenterocolitica (clinical isolate)

Abbreviations: ATCC, American Type Culture Collection; KBPV, Korea Bank for Pathologic Viruses; KCCM, Korean Culture Center of Microorganisms.
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Search Tool (BLAST) searches (http://blast.ncbi.nim.nih.gov/).

Repeatability and reproducibility

Negative, weak-positive, and positive controls of Group A rotavi-
ruses were used to evaluate the reproducibility of the AFIAS ro-
tavirus assay. Repeatability was tested in 10 replicates within a
run, between-day precision was tested over five days using five
replicates, and between-lot precision was tested using three dif-
ferent lots and five replicates per lot. The mean value and CV%
of repeated tests for each concentration were calculated for within-
run variation, between-day variation, and between-lot variation.

Lower limit of detection (LLOD)

Culture supernatants of two types of rotavirus (American Type
Culture Collection (ATCC) VR-2018, G1P[8] type; clinical isolate,
G4P[6] type) were two-fold serially diluted with saline (1:2 to
1:512 dilutions) and used to evaluate the LLOD of the AFIAS ro-
tavirus assay. Each diluted sample was tested in 20 replicates.
The concentration of rotavirus was determined using real-time
PCR (AccuPower diarrhea V1 multiplex RT-PCR kit assay, Bi-
oneer Co., Daejeon, Korea) with in vitro-transcribed RNA cali-
brators, and the number of rotavirus RNA copies per milliliter
was recorded for each sample. The LLOD of the AFIAS rotavirus
assay was compared with that of the ICA and ELISA, using the
same samples.

Cross-reactivity for other viruses, bacteria, and fungi

The potential for cross-reactivity with other viruses, bacteria, and
fungi was examined using culture supernatants of the viruses
and cultured colonies of the bacteria and fungi. The strains used
to evaluate the cross-reactivity are shown in Table 1.

Interference testing
Interference tests were performed with the following substances:
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human blood, barium sulfate (contrast medium), hemoglobin
(Sigma Aldrich Co., St. Louis, MO, USA), bilirubin (Sigma Aldrich
Co.), triglyceride mix (Sigma Aldrich Co.), loperamide (anti-diar-
rhea drug; Janssen, Seoul, Korea), metronidazole (antibiotic; CJ
Pharma, Seoul, Korea), cephradine (SCD Pharm, Seoul, Korea),
cefuroxime (SCD Pharm), cefpodoxime (antibiotic; CJ Pharma),
cefixime (Hanmi Pharm, Seoul, Korea), tetracycline (Chong Kun
Dang Pharm, Seoul, Korea), levofloxacin (Jeil Pharm, Seoul, Ko-
rea), amoxicillin (Chong Kun Dang Pharm), ibuprofen (Samil
Pharm, Yeosu, Korea), and acetaminophen (Janssen).

Statistical analysis

The degree of agreement between AFIAS and other tests was
assessed. We calculated positive, negative, and total agreement
rate and kappa coefficient (k) with 95% confidence intervals (Cl)
(where 0.001-0.2 indicates slight agreement, 0.201-0.4 indi-
cates fair agreement, 0.401-0.6 indicates moderate agreement,
0.601-0.8 indicates substantial concurrence, and 0.801-0.999
indicates excellent agreement). We also calculated diagnostic
sensitivity and specificity. Statistical analyses were performed
using Analyse-it version 2.20 (http://www.analyse-it.com/).

RESULTS

Comparison of the AFIAS and ICA with PCR and ELISA

Table 2 shows a comparison of AFIAS rotavirus assay and ICA
with PCR and ELISA. Sensitivity, specificity, and overall agree-
ment rates of the AFIAS assay compared with PCR and ELISA
were 99.0% (95% Cl: 94.7-99.8%), and 99.0% (95% Cl: 94.7—
99.8%), and 99.0% (95% ClI: 96.5-99.7%, x=0.98), respec-
tively. Similarly, sensitivity, specificity, and overall agreement
rates of the ICA compared with PCR and ELISA were >98%
(k=0.98). The overall agreement among the four methods was
98.06%. Discrepant results among assays are shown in Table 3.

Table 2. Comparison of AFIAS and ICA with PCR and ELISA for the detection of rotavirus in clinical stool samples

PCR & ELISA Performance (95% confidence interval)
P Negatie 5" Boml) Cawna) 555
AFIAS Positive 102 1 99.0 (94.7-99.8) 99.0 (94.7-99.8) 99.0 (96.5-99.7) 0.98 (0.95-1)
Negative 1 102
ICA Positive 101 0 98.1 (93.2-99.3) 100 (96.5-100) 99.0 (96.5-99.7) 0.98 (0.95-1)
Negative 2 103

*Sensitivity and specificity were calculated considering that samples positive by both PCR and ELISA were “true positive,” and samples negative by both

methods were “true negative.”

Abbreviations: Cl, confidence interval; AFIAS, Automated Fluorescent Immunoassay System; ICA, immunochromatographic assay.
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Compared with ICA, AFIAS could detect an additional positive
sample (G2P[4] type); however, AFIAS yielded one false-positive
result (for which PCR, ELISA, and ICA yielded negative results).
Both AFIAS and ICA yielded a false-negative result for one sam-
ple of the G1P[8] genotype.

Detectability of rotavirus genotypes
The overall detectability rates of the rotavirus genotypes by AFIAS

are presented in Table 4. The following genotypes were detected:
G1P[8], G2P[4], G3P[8], G4P[6], G4P[8], G8P[4], G8PI8], GOP[4],
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GIP[8], GxP[4], and GxP[8]. One sample of G1P[8] was not
detected by the AFIAS rotavirus assay; this sample had a low
0D (0.507) in ELISA and was also not detected by ICA.

Repeatability and reproducibility

The repeatability and reproducibility of AFIAS are shown in Ta-
ble 5. All measurements for rotavirus-negative samples showed
negative results. The within-run CVs for rotavirus weak-positive
and positive samples were both 3.6%. The between-day CVs for
weak-positive and positive samples were 3.6 and 3.9%, and be-

Table 3. Discrepant results among AFIAS, ICA, PCR, and ELISA for the detection of rotavirus in clinical stool samples

No. case AFIAS (COI*) ICA PCR ELISA (0OD") Genotype
1 Positive (24.03) Negative Positive Positive (0.290) G2P[4]
2 Negative (0.64) Negative Positive Positive (0.507) G1P[8]
3 Positive (7.21) Negative Negative Negative (0.022) -

*The COI result was interpreted as “positive” (COI>1.0) or “negative” (COl<1.0); "Cut-off value of ELISA: OD of negative control+0.15.
Abbreviations: AFIAS, Automated Fluorescent Immunoassay System; COI, cut-off index; ICA, immunochromatographic assay; OD, optical density.

Table 4. Genotype detectability of AFIAS and ICA

Genotype Samples (N) AFIAS positive samples, N (%) COI of AFIAS positive samples (Mean =+ SD) ICA positive samples, N (%)
G2P[4] 33 33(100) 45.2+10.0 32(97.0)
GIP[8] 16 15(93.8) 45.0+10.7 15(93.8)
G4P[6] 12 12 (100) 477+817 12 (100)
G4P[x] 11 11 (100) 51.9+9.2 11 (100)
GIPI8] 7 7(100) 49.8+10.0 7(100)
G4P[8] 5 5(100) 485+9.3 5(100)
G3P(8] 6 6 (100) 44.0+10.7 6 (100)
G8P[8] 3 3(100) 52.0£7.5 3(100)
GIP[4] 3 3(100) 41.1+30.8 3(100)
GxP[4] 3 3(100) 437+17.1 3(100)
G8P[4] 1 1(100) 44.3 1 (100)
G2P[x] 1 1(100) 46.2 1(100)
GxP[8] 1 1(100) 52.2 1(100)
GxP[x] 1 1 (100) 489 1 (100)
Total 103 102 (99.0) 46.9+10.7 101 (98.1)

x indicated non-typed strain.

Abbreviations: AFIAS, Automated Fluorescent Immunoassay System; COI, cut-off index; ICA, immunochromatographic assay.

Table 5. Repeatability and reproducibility of the AFIAS rotavirus assay

Repeatability (N=10)

Between days (N=5x%5)

Between lots (N=3 x 10)

Mean (COI) SD (COr) CV% Mean (COI) SD (COI) CV% Mean (COI) SD (COr) CV%
Negative 0.05 0.01 12.5 0.05 0.01 12,6 0.05 0.01 20.8
Weak positive 4.48 0.16 3.6 4.64 0.16 3.6 0.47 0.02 3.9
Positive 13.17 0.47 3.6 12.91 0.50 3.9 13.23 0.62 4.7

Abbreviations: AFIAS, Automated Fluorescent Immunoassay System; COI, cut-off index.
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Table 6. Lower limit of detection of AFIAS for detecting G1P[8] and G4P[6] types
G1P[8], Culture e

su[pe]rnatant of Copies/mL aps AR Pf/:'t"”m AF"(\SO”I‘)"*’“ ICA ELISA ELISA (0D*)

ATCC VR-2018
1: 2 diluted Positive 100 (20/20) 25.09 Positive Positive >3.500
1: 4 diluted Positive 100 (20/20) 2478 Positive Positive >3.500
1: 8 diluted Positive 100 (20/20) 20.72 Positive Positive >3.500
1:16 diluted 551%10° Positive 100 (20/20) 10.43 Positive Positive 2.589
1:32 diluted Positive 100 (20/20) 513 Negative Positive 1.506
1: 64 diluted Positive 100 (20/20) 2.57 Negative Positive 0.752
1:128 diluted 6.88x 10" Positive 100 (20/20) 149 Negative Positive 0.269
1: 256 diluted Negative 0(0/20) 0.73 Negative Negative 0.107
1:512 diluted Negative 0(0/20) 0.32 Negative Negative 0.061
Negative (saline) Negative 0 (0/20) 0.21 Negative Negative 0.067
GAP[6], Culture e

su[pe]rnatant of Copies/mL AFIAS LA Pf,’/:'t"”tyT’ AF"(\SOT)%" ICA ELISA ELISA (0D*)

clinical sample
1:2 diluted - Positive 100 (20/20) 24.99 Positive Positive 2.867
1: 4 diluted - Positive 100 (20/20) 2241 Positive Positive 1.548
1: 8 diluted - Positive 100 (20/20) 14.22 Positive Positive 0.689
1:16 diluted - Positive 100 (20/20) 6.60 Positive Positive 0.340
1: 32 diluted - Positive 100 (20/20) 2.40 Negative Negative 0.135
1: 64 diluted - Positive 100 (20/20) 1.56 Negative Negative 0.069
1:128 diluted - Negative 0(0/20) 0.53 Negative Negative 0.027
1: 256 diluted - Negative 0 (0/20) 0.29 Negative Negative 0.019
1:512 diluted - Negative 0(0/20) 0.18 Negative Negative 0.013
Negative (saline) - Negative 0 (0/20) 0.11 Negative Negative 0.015

*Cut-off value of ELISA: OD of negative control +0.15; "Positivity: N of positive samples/Total N of tested samples.
Abbreviations: AFIAS, Automated Fluorescent Immunoassay System; ATCC, American Type Culture Collection; COI, cut-off index; ICA, immunochromato-

graphic assay; OD, optical density.

tween-lot CVs were 3.9 and 4.7%, respectively.

LLOD

To determine the LLOD, 2-fold serial dilutions of the rotavirus
G1PI8] (8.81x 10° copies/mL) and G4P[6] culture supernatants
were used. For the G1P[8] genotype, all 20 replicates of the
1:128-diluted sample (6.88x10* copies/mL) were positive,
while all 20 replicates of the 1:256-diluted samples tested nega-
tive by AFIAS (Table 6). Therefore, the LLOD of AFIAS was 6.88
x 10* copies/mL for the G1P[8] type. The concentration of the
G4P[6] culture supernatant was not measured. Comparison of
the LLOD among AFIAS, ICA, and ELISA showed that AFIAS was
eight times more sensitive than the ICA, and its sensitivity was
similar to that of ELISA for detecting the G1P[8] genotype. More-
over, the sensitivity of AFIAS was four times that of ICA and ELISA

https://doi.org/10.3343/alm.2019.39.1.50

for detecting the G4P[6] genotype.

Cross-reactivity and interference

Negative signals were obtained for all 16 viruses, 28 bacteria,
two fungi, and other chemicals assayed, demonstrating no cross-
reactivity or interference in AFIAS (Table 1).

DISCUSSION

In our assessment of the performance of AFIAS, we found high
agreement rates between AFIAS and both PCR and ELISA. As
there can be discrepant results between PCR and ELISA [9-11],
only samples that tested positive or negative by both methods
were selected for further analysis with AFIAS. The agreement
rate (99.0%) between AFIAS and both PCR and ELISA was sim-
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ilar to or much higher than that reported in other studies [8, 12,
13]. Only three samples (1.5%) showed discrepant results among
the three methods: one sample (which showed a very weak-pos-
itive result in ELISA) had a false-negative AFIAS result, one AFIAS-
positive sample was a false-positive as it tested negative in the
other assays, and one sample with a high COI of 24.03 contain-
ing genotype G2P[4] was detected by AFIAS, but not by ICA.
Potential causes of these inconsistencies include differences in
the antibodies used, and hook or matrix effects of the tests [9-11].

The LLOD of AFIAS was 6.88x 10* copies/mL, similar to that
estimated previously [9]. Interestingly, the LLOD of AFIAS was
similar to that of ELISA for detecting the G1P[8] genotype, whereas
AFIAS was more sensitive than ELISA for detecting the G4P[6]
genotype. ICA showed the lowest sensitivity for detecting the
G1P[8] genotype among the three immunoassays but showed a
similar sensitivity to ELISA for detecting G4P[6]. This shows that
the analytical sensitivity (LLOD) of rotavirus kits can differ among
assays for detecting specific rotavirus genotypes, possibly be-
cause of differences in antibodies used [9-11].

The rotavirus genotype detectability of immunoassays has been
rarely studied to date. We demonstrated the diagnostic stability
of the AFIAS rotavirus assay irrespective of the various rotavirus
genotypes present, suggesting its applicability for the emergence
or outbreak of unusual or infrequent genotypes. AFIAS detected
the genotypes G1P[8], G2P[4], G3P[8], G4P[6], G4P[8], G8P
[4], G8PI8], GOP[4], and GIPI8]. Although genotypes G1P[8],
G2P[4], G3P[8], G4P[6], and GI9P[8] are commonly detected
in Korea[1], G8P[4] has not been described in previous reports
or rotavirus isolates from Korea. Rotavirus infection cases with
genotype G8P[4], the strain typically found in Africa and spo-
radically in Europe, Brazil, and Indonesia, were first reported in
2012 in the USA; this suggests the emergence of genotypes not
represented by current vaccines [14, 15].

Although the AFIAS rotavirus assay was designed as a quali-
tative assay, it could roughly estimate the rotavirus titer in stool
samples based on the COI (similar to the OD for ELISA). Repeat-
ability and reproducibility of this quantitative assay were very
good; its CV ranged from 3.6% to 4.7% except for the negative
control, and this range is within the level acceptable for a quan-
titative assay (< 15%) according to the US Food & Drug Admin-
istration [16]. Another advantage of the AFIAS rotavirus assay is
the rapid turn-around time (12 minutes) with random access,
which can be helpful in a clinical setting. This is much faster than
ELISA, which usually requires two to three hrs to obtain results.
In addition, AFIAS requires a smaller sample volume (50 pL)
than ICA or ELISA does (100 pL). The recently developed multi-
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plex molecular testing method is widely used because it allows
for the detection of multiple pathogens simultaneously; however,
the cost of such assays is very high, and they require special
equipment with a longer turn-around time compared with the
rapid rotavirus antigen assay. Therefore, rapid rotavirus antigen
tests with high sensitivity, such as AFIAS, will remain useful tools
for on-site testing, providing benefits of random access and rapid
turn-around time.

In conclusion, AFIAS showed high reproducibility, sensitivity,
and specificity; no interference; no cross-reactivity; and excel-
lent agreement with ELISA, PCR, and ICA. Therefore, AFIAS can
be useful in clinical practice as an on-site assay for the rapid, con-
venient, and cost-effective detection of rotavirus infection. Our
study is also the first to report G8P[4] in Korea, which is preva-
lent in Africa. This finding warns researchers and clinicians of
the emergence of new genotypes, which should be closely moni-
tored with assays that detect the broad genetic diversity among
global rotavirus strains.
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