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ABSTRACT

Objective: The aim of this study was to compare results of
two commercially available kits used for routine detection of
Rotavirus A in human stool samples with results of commercial
quantitative reverse-transcription PCR (RT-gPCR) test and
in-house RT-gqPCR.

Material and methods: In total, 749 stool samples were screen-
ed with the use of four different methods. The samples were
collected from four diagnostic laboratories from March 2016 to
June 2017. Diagnose of gastrointestinal disorders was stated in
one third of tested patients, the rest of samples was collected
from patients with other primary diagnose. The samples were
tested with the enzymatic immunoassay (EIA) (RIDASCREEN®
Rotavirus) and with rapid diagnostic immunochromatographic test
(RDT) (IMMUNOQUICK® No-Rot-Adeno). As a reference method
a commercial RT-gPCR test was used (Primerdesign™ Genesig®
Kit) and it was compared with in-house RT-gPCR test prepared
in our laboratory. The samples which in the reference RT-gPCR
gave positive signal of reaction in cycle 28 or higher (Ct = 28) were
assessed as negatives in order to include only samples with some
clinical relevance into sensitivity determination.

SOUHRN

Moutelikova R., Dvorakova Heroldova M., Hola V., Sauer P.,
Prodélalova J.: Detekce rotaviru A u lidi - srovnani en-
zymatické imunoanalyzy a rychlého imunochromatogra-
fického testu se dvéma metodami kvantitativni RT-PCR

Cil prace: Cilem tohoto sdéleni je prezentovat vysledky dvou
komercné dostupnych souprav urc¢enych pro rutinni detekci
rotaviru A v lidské stolici ve srovndni s komeréné dostupnym
kvantifikacnim reverzné transkripcénim PCR (RT-gPCR) testem
a vlastnim RT-gPCR testem.

Material a metody: Celkem bylo vysetieno vsemi ¢tyrmi me-
todami 749 vzork( stolice ziskanych ze ¢ty diagnostickych
laboratofi v pribéhu obdobi od brezna 2016 do ¢ervna 2017.
U jedné tretiny vysetfenych pacientl byla uvedena diagnoza
souvisejici s postizenim gastrointestindlniho traktu, zbytek
vysetfenych vzorkd byl odebrdn od pacientd s jinymi zaklad-
nimi diagndzami. Vzorky byly vysetreny metodou enzymatické
imunoanalyzy (EIA) (RIDASCREEN® Rotavirus) a rychlym
imunochromatografickym testem (RDT) (IMMUNOQUICK®
No-Rot-Adeno). Jako referenéni metoda byl pouzit RT-gPCR
test (Primerdesign™ Genesig® Kit), ktery byl také srovnan
s vlastnim RT-gPCR testem pfipravenym v nasi laboratofi. U
referencniho RT-gPCR testu byly vzorky s pozitivnim signdlem
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Results: Diagnostic sensitivity was assessed as 84.2% for EIA
and 82.5% for RDT. The specificity of those tests was calcu-
lated as 97.8% for EIA and 96.4% for RDT. The performance
of both diagnostic tests describing their positive predictive
value was determined to be 87.3% for EIA and 80.3% for RDT.
Negative predictive value was calculated to be 97.2% for
EIA and 96.8% for RDT. Proportion of RVA-positive samples
determined with the reference RT-qPCR test with our own
cut-off level was 15.2% (n=114). Comparisons of the in-house
and reference RT-gPCR tests showed very good agreement
of results. The sensitivity of the in-house test was 100% and
its specificity 99.7%.

Conclusions: RT-gPCR is more sensitive for surveillance of ro-
tavirus gastroenteritis than routinely used EIA or RDT methods.
The specificity of both evaluated tests was very high. However,
EIA was in all performance parameters assessed better than
RDT.
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reakce v 28. a vyssim cyklu (Ct > 28) hodnoceny jako negativni,
aby byly do srovnani citlivosti metod zahrnuty pouze vzorky
klinicky relevantni.

Vysledky: U obou rutinnich diagnostickych testd byla stano-
vena citlivost (EIA - 84,2 %, RDT - 82,5 %) a také specificita
(EIA - 978 %, RDT - 96,4 %). Prediktivni hodnota pozitivniho
testu byla 87,3 % pro EIA a 80,3 % pro RDT. Prediktivni hodnota
negativniho testu byla vypocitana jako 97,2 % pro EIA a 96,8 %
pro RDT. Pocet pozitivnich vzorkd zjisténych referenénim RT-
-gPCR testem s vlastni stanovenou hladinou cut-off byl 15,2 %
(n=114). Srovnanf vlastniho RT-gPCR testu a referenc¢niho RT-
-gPCR testu ukazalo velmi dobrou shodu vysledkd - citlivost
vlastniho testu byla 100 % a specificita 99,7 %.

Zaveéry: Metoda RT-gPCR je pro sledovani vyskytu rotavirové
gastroenteritidy citlivéjsi metodou nez rutinné pouzivané testy
EIA a RDT. Tyto dva testy ve srovnani s referenéni metodou vy-
kazaly velmi dobrou specificitu. Test EIA byl vSak ve véech sle-
dovanych parametrech funkénosti vyhodnocen Iépe nez RDT.
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rotavirus A - enzymaticka imunoanalyza - imunochromato-
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INTRODUCTION

Rotavirus A (RVA) is a leading cause of acute gastroenteri-
tis (AGE) in children as well as an important nosocomial
pathogen both in hospitalized children and adults. Nearly
all children are infected with rotavirus at least once by
the age of five years. Estimated number of AGE deaths
due to rotavirus infection in children under five years of
age in Europe is 970-1750 per year [1]. Rotavirus-associated
outpatient visits and hospitalizations in all European
countries result in direct medical treatment costs of 25
million dollars each year [2]. Since the WHO recommen-
ded universal vaccination of infants against RVA in 2009,
the burden of the disease has significantly decreased in
countries with RVA vaccination scheme [3].

However, the rate of vaccinated children in the Czech
Republic still remains lower than in surrounding coun-
tries and as a consequence the incidence rates of RV gas-
troenteritis-connected hospitalization is higher in the
Czech Republic than that reported in other industrialized
European countries [4]. RVs are very contagious because
a low number of virus particles suffices to productively
infect a susceptible individual and also because rotavirus
particles are shed in large numbers in faeces (up to 10" par-
ticles/ml) during the acute stage of the infection [5]. Thus,
the risk of community-acquired RV infection is signifi-
cant. Especially endangered facilities are child day-care
settings and retirement homes. Immunocompromised
persons represent another endangered group of patients
as 30% of adults with rotavirus gastroenteritis suffered
of some kind of immunosuppression [6]. The proportion
of RV gastroenteritis among nosocomial infections is
also considerable. With regard to increasing average life
expectancy it is probable that RV infections in adults will
gain even more importance.

In the last ten years the number of reported gastroente-
ritis of suspected viral aetiology in the Czech Republic
has slightly increased [7] and so the need for sensitive
and reliable diagnostic assays is rising. Several methods
have been utilized for the detection of rotavirus infec-
tion. The diagnosis of rotavirus AGE has initially been
done by labour-intensive electron microscopy because
these fastidious agents were not readily cultivatable in
tissue culture [8]. Invitro cultivation of human rotavirus
from stool samples has been achieved, however, it is not
practical and not routinely used for detecting rotavirus
because of intensive labour requirement and relatively
low isolation rates. Of available procedures, ELISA is
applied most frequently in the routine diagnostic labora-
tory due to the ease of use and speed of obtaining a result
[9]. However, RT-PCR, which is highly sensitive and
specific and also suitable for genotyping [10], has become
the ‘gold standard’ of diagnostic discovery. However,
rotavirus diarrhoea surveillance according to the WHO
recommendations is carried out with the use of enzyme
immunoassays (EIA) which are mostly targeted on viral
protein VP6 (group-specific antigen).

MATERIAL AND METHODS

Sample collection
In this study we evaluated presence of RVA in frozen stool
specimens from all age groups of patients. Samples were
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collected in two regions of Moravia (South Moravia and
Olomouc Region) from patients with gastrointestinal
disorders (n =250) and also from hospitalized patients with
other diagnosis (oncological disease, respiratory disor-
ders, etc.). In total, 749 samples were gathered between
March 2016 and June 2017 and tested with four different
methods (three commercially available tests and one in-
-house assay).

Laboratory test methods

All samples were tested with RIDASCREEN® Rotavirus
(R-Biopharm AG, Germany) and with Immunoquick®
NoRotAdeno (Biosynex, France). In order to estimate
sensitivity and specificity of those two routinely used
commercial tests, they were compared with two real-time
reverse transcription PCR (RT-gPCR) which allow the de-
termination of viral load in the sample. One of RT-qPCR
assays is commercially available (Primerdesign™ Genesig®
Kit, Primerdesign Ltd., UK) and the second was in-house
assay previously tested in our laboratory.

RIDASCREEN® Rotavirus is an enzyme immunoassay (EIA)
for qualitative identification of rotaviruses in human stool
samples. It is a simple and highly sensitive sandwich
type EIA which is suited for analyses of large numbers
of samples. Monoclonal antibodies used in this method
are directed against rotavirus group-specific structural
protein VP6. The assay was performed according to ma-
nufacturer’s recommendations, results were read using
an optical density (OD) spectrophotometer (Sunrise micro-
platereader, Tecan, Austria) and interpreted according to
manufacturer’s instructions.

Immunoquick® NoRotAdeno is a rapid diagnostic test
(RDT) which employs lateral flow chromatographic im-
munoassay for the simultaneous qualitative detection of
rotavirus, adenovirus, and norovirus antigens in human
stool samples. This test uses specific monoclonal antibo-
dies which are coated on the test membrane. The test was
performed according to the manufacturer’s recommen-
dations and the results were read visually within 15 min.
The reference method for the detection of RVA was
Primerdesign™ Genesig® Kit (Primerdesign Ltd., UK)
which is designed for the in vitro quantification of hu-
man rotavirus A genomes with one-step RT-PCR detec-
tion protocol. The PCR is targeted on the gene coding
non-structural protein 5 (NSP5). According to the manu-
facturer, under optimal PCR conditions the kit can detect
less than 100 copies of target template. However, for the
purpose of our study only samples with higher number of
target template than 10* copies of viral genome/ml were
assessed as positives.

All samples were also tested with in-house RT-gPCR.
Briefly, viral RNA was extracted from 10% faecal suspen-
sion in phosphate-buffered saline (Biosera, France) using
TRI Reagent (Sigma Aldrich, USA) according to manu-
facturer’s instructions. Viral RNA was reverse transcribed
with the use of Transcriptor First Strand cDNA Synthesis
Kit (Roche, Germany) and amplified with KAPA Probe
Fast Universal gPCR Kit (Kapa Biosystems, USA). The PCR
primers and hydrolysis probe were based on previously
published gqPCR detection system targeted on sequence
coding non-structural viral protein NSP3 which is highly
conserved in RVAs [11]. For the purpose of our study both
primers and the probe were modified (Table 1). The fluoro-
genic probe was labelled with a HEX reporter on 5 end and
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Table 1. Sequence of primers and a probe used in the in-house RT-gPCR and their location in RVA NSP3 region (GenBank accession number

X81436)

Primer and probe Nucleotide sequence (5" = 3°) Location
huRVA-qF ACCATCTWCACRTRACCCTC 963-982
huRVA-qR CACATAACGCCCCYATAGCC 1046-1027
huRVA-qP ATGAGCACAATAGTTAAAAGCTAACACTGTCAA 984-1016

a BHQI quencher on 3“end. The detection limit of gPCR
was assessed with the use of serial 10-fold dilutions (10° to
10° copies/pl) of cDNA prepared from previously quantita-
ted RVA culture (strain OSU) as described by Malenovska
[12]. The same serial dilutions were used for the standard
curve construction and PCR product quantification. The
cut-off level for positive assessment of tested samples was
set to 10* copies of viral genome/ml.

Data analysis

For EIA, RDT and modified in-house RT-qPCR assay, sen-
sitivity and specificity was calculated with RVA Genesig®
kit as a reference test. Sensitivity was assessed as a ratio
of true positive (TP) results and true positive together with
false negative (FN) results; TP/(TP + EN). Specificity of each
of the tests was calculated from true negative (TN) and
false positive (FP) results; TN/(TN + FP). Moreover, positive
and negative predictive value describing the performance
and precision of a diagnostic test was calculated with the
use of true and false positive (resp. negative) results; TP/
(TP + EP), resp. TN/(TN + EN).

RESULTS

Proportion of RVA-positive faecal samples determined
with the reference RT-qPCR test with our own cut-off level
was 15.2% (n =114).

The results of the RIDASCREEN® Rotavirus (EIA) and
Immunoquick® NoRotAdeno (RDT) compared to the co-
mmercial RT-qPCR method (Primerdesign™ Genesig®
Kit) as a reference method are shown in Table 2. The true
positive rate determined for EIA and RDT showed sensiti-
vity of 84.2% and 82.5%, respectively. Specificity of EIA and
RDT tests was calculated as 97.8% and 96.4%, respectively.
The performance of both diagnostic tests describing their
positive predictive value was determined to be 87.3% for
EIA and 80.3% for RDT. The precision of the tests (their

negative predictive value) was calculated as 97.2% for EIA
and 96.8% for RDT.

In-house RT-gPCR assay showed very good agreement
with the reference method (Primerdesign™ Genesig®
Kit) (Table 3). The sensitivity of the in-house assay was
100% and its specificity was calculated as 99.7%. Similarly
good results were obtained in the determination of the
positive and negative predictive value of the in-house RT-
-qPCR. Its performance was 96.6% and the precision was
100%.

DISCUSSION

The sensitivity and specificity of RIDASCREEN® Rotavirus
assay as determined by the producer should be 95.6% and
99.1%, respectively. However, those statistical measures
reported in the manufacturer’s insert were determined
in comparison to 3 commercial ELISAs. Likewise manu-
facture’s insert in the Immunoquick® NoRotAdeno test
states the sensitivity and specificity as 100% and 98.4%
in comparison with another commercially available rapid
diagnostic test for rotavirus. This reduced sensitivity cal-
culated in our study compared to producers’ information
could be due to the lack of detection of certain genotypes
by both EIA and RDT. Similarly, Lagare et al. [13] found
lower sensitivity and specificity of evaluated EIA and RDT
tests when compared to RT-PCR.

In our study, the 18 false negative specimens by EIA and
20 false negative specimens by RDT amount to 15.8% and
17.4% of missed positive results. It should not be accounted
to the high sensitivity of the reference standard method
although RT-qPCR is evidently more sensitive than EIA or
RDT. As was described earlier by Phillips et al. [14], the cut-
-off value of highly sensitive RT-qPCR assays for infectious
intestinal disease detection should be correlated with the
actual clinical symptoms. In our study in order to include
only samples with some clinical relevance, the specimens

Table 2. Results obtained in comparison of the EIA and RDT diagnostic tests with reference RT-gPCR method (Genesig Kit)

EIA+/RDT+ EIA+/RDT- EIA-/RDT+ EIA-/RDT- Total
Genesig Kit + 91 5 3 15 14
Genesig Kit -* 3 il 20 601 635

*Samples tested with RT-gPCR method with resulting threshold cycle (Ct) higher than or equal to 28 (Ct = 28) were evaluated as negatives.

Table 3. Comparison of in-house RT-gPCR method with the reference RT-gPCR test (Genesig Kit)

RT-qPCR + RT-qPCR - Total
Genesig Kit + n4 0 n4
Genesig Kit - 2 633 635
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with cycle threshold values higher than 28 (Ct > 28), which
amounts to viral load of 10* copies of viral genome/ml or
lower, were in reference Genesig® kit assessed as negatives.
Overall, there were 15 results determined as negatives
both by EIA and RDT and at the same time positive by
both RT-qPCR assays (Genesig Kit and in-house test). The
limit of detection stated by the producer is 6.63x10° virus
particles/ml for EIA and 1.4x104 PFU/ml for RDT. Out of
these discordant results, in 8 samples the detected num-
ber of virus particles was very near the limit of detection.
However, remaining 7 samples assessed as negatives by
EIA as well as RDT contained high viral loads (between
10¢ and 10° virus particles/ml). These false negative results
could be explained either by human factor failure during
the testing or by possible presence of less common VP6
genotype (I-type) in the sample which is not correctly re-
cognized by monoclonal antibody used in EIA or RDT [15].
So far, there have been 4 I-types described to be present in
RVA strains of human origin most common being I1 and
12, rarely also I3 and I5 [16].

Specificity of both tests, which describes test's ability to
correctly reject healthy patients without a condition, was
above 95% as well as the precision of EIA and RDT. These
results are in agreement with another study comparing
ability of immunochromatographic assay for RVA detec-
tion in stool samples [17].

The comparison of two RT-qPCR methods (Table 3) con-
firmed very good performance of the in-house test. The
obtained results were nearly identical, the only discrepan-
cy was detection of two RVA-positive samples which
were negative when tested with Cenesig reference kit.
The samples were tested repeatedly with both RT-qPCR
assays with the same result. When tested with EIA and
RDT, those two questionable samples were assessed as
positives. In this case we presume that the commercial
RT-qPCR kit failed to detect positive samples which might
be caused by certain (even if low) degree of variability in
NSP5 genomic segment which was used as a target for the
primers and a probe construction [18].

CONCLUSIONS

It was demonstrated that RT-gPCR is more sensitive for
surveillance of rotavirus associated gastroenteritis than
routinely used EIA or RDT methods. The specificity of both
evaluated tests was very high. However, EIA was in all per-
formance parameters assessed better than RDT. In-house
RT-gPCR showed very good agreement with commercial
real-time RT-PCR. The higher sensitivity of real-time RT-
-PCR methods may be useful for successful recognition
and control of infectious diarrhoea in the intensive care
units or retirement homes where rotavirus associated
gastroenteritis can have fatal outcome.
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