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The nucleotide alignment of all 11 genes of human Rotavirus A (RVA) strains revealed suitability of NSP2, NSP3
and VP6 genes for the development of real time PCR (qRT-PCR). Evaluation of qRT-PCR assays using known
rotavirus ELISA positive and negative fecal specimens showed non-overlapping ranges of Mean + 3SD cycle
threshold (Ct) values for NSP3 and VP6 based assays. Using serial dilutions of purified RVA, high sensitivity of
VP6 qRT-PCR assay (1.95 X 10> pg/uL of RNA) was recorded as compared to NSP2 and NSP3 qRT-PCR assays
(1.95 x 10 pg/pL of RNA). Further, evaluation of the VP6 qRT-PCR assay involving 266 fecal specimens and

frequency polygon analysis of the data indicated cut-off value of 35 for Ct with high sensitivity (126/131, 96%)
and specificity (12/12, 100%). This VP6 qRT-PCR assay will be a useful diagnostic tool to evaluate clinical
presentations in rotaviral gastroenteritis under different conditions such as breast feeding and administration of

rotavirus vaccines.

1. Introduction

Acute gastroenteritis (AGE) is the major cause of 1.5-2.5 million
deaths and 3-5 billion morbidity cases yearly amongst children < 5
years of age, globally. The majority of the episodes of viral gastro-
enteritis are due to rotavirus (RV), norovirus (NoV), astrovirus (AstV)
and adenovirus (AdV) infections. Among them, rotavirus infections are
predominant.

Rotavirus, a member of the family Reoviridae, is classified into nine
serogroups, A—I, based on the antigenicity of the inner capsid protein
VP6. Globally, infections with serogroups A (RVA), B (RVB), C (RVC)
and H (RVH) have been detected in humans with predominance of RVA
in the pediatric population (Alam et al., 2007). Thirty seven percent of
the estimated deaths attributable to diarrhea in children < 5 years of
age are caused by rotavirus (Tate et al., 2016).

The Rotavirus Classification Working Group (RCWG) proposed
the classification system based on the 11 RNA genomic segments.
To date 36 G genotypes and 51 P genotypes have been identified in
VP7 and VP4 genes respectively (https://rega.kuleuven.be/cev/
viralmetagenomics/virus-classification/rcwg). Amongst these, G1P
[8], G2P[4], G3P[8], G4P[8], G9P[8] and G12P[8] genotype com-
binations are frequently detected globally in RVA strains which
cause infections in humans. The occurrence of unusual rotavirus G-
genotypes (G5-G6, G8, G10, G11 and G20) and P-genotypes (P[1]-P

[31, P[51, P[7], P[9]-P[11], P[14], P[19] and P[25]) is believed to
be introduced into the human population through interspecies
transmission and/or reassortment events (Cook et al., 2004).

A variety of assays that have been developed and used to detect RVA
in fecal specimens include electron microscopy (EM), isolation of virus
in cell culture, enzyme immunoassays (ELISAs), reverse-transcription
polymerase chain reaction (RT-PCR) and real-time RT-PCR (qRT-PCR)
(Kapikian et al., 1974; Wyatt et al., 1983; Knisley et al., 1986; Wilde
et al., 1992; Iturriza-Gomara et al., 2004; Mijatovic-Rustempasic et al.,
2016).

Being speedy, sensitive and specific, molecular assays extend several
advantages over other conventional methods. Among these, several
qRT-PCR assays have been developed focusing VP2, VP4, VP6, VP7,
NSP3, and NSP4 genes for detection of RVA specific RNA (Kang et al.,
2004; Pang et al., 2004; Logan et al., 2006; Min et al., 2006; Freeman
et al., 2008; Gutiérrez-Aguirre et al., 2008; Jothikumar et al., 2009;
Adlhoch et al., 2011; Pang et al., 2011; Kottaridi et al., 2012). However,
due to the continuous accumulation of point mutations in rotavirus
genome, reassortment of related genomic segments in rotavirus strains
and zoonotic transmission of animal rotavirus strains that may in-
troduce novel genotypes and/or lineages in humans (Matthijnssens
et al., 2009; Martella et al., 2010), it is important to explore different
genes of RVAs for their comparative utility in qRT-PCR assays from
time to time. The present study was conducted to evaluate all of the 11
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genes of RVAs for optimal design of primers and probes for qRT-PCR
assays. The data obtained was utilized to select suitable genes and their
sequences for the development of sensitive and specific QRT-PCR assay
to detect RVA RNA in fecal specimens from children who were hospi-
talized for acute gastroenteritis.

2. Materials and methods
2.1. Designing primers and probes for qRT-PCR

The partial or complete nucleotide sequences of RVA structural and
non-structural genes representing all of the genotypes detected in
human infections (http://rega.kuleuven.be/cev/viralmetagenomics/
viralclassification/rcwg) were retrieved from GenBank data base.
Multiple nucleotide sequences were aligned with Clustal W program
(Tamura et al., 2013) utilizing 57, 68, 77, 125, 178, 213, 59, 355, 26
and 37 sequences respectively of the VP1, VP2, VP3, VP4, VP6, VP7,
NSP1, NSP2, NSP3, NSP4 and NSP5 genes. The sequence alignments of
all genes were examined for conserved stretches and multiple consensus
sets of primers and probes were designed manually. The specificity of
the stretches of respective genes selected finally was further checked
using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi). All sets of pri-
mers and probes were examined for self-annealing sites, hairpin loop
formation, 3’ complementarities and melting temperatures (Tm) using
IDT oligonucleotiodes calculator (http;//www.idtdna.com/analyzer/
Applications/OligoAnalyzer). Nucleotide variations in the selected se-
quence stretches of different genes were curated by introducing de-
generate bases. All primers and probes that were selected were syn-
thesized by Applied Biosystems, USA. The GenBank accession numbers
of the strains referred to indicate the locations of the primers and
probes and size of PCR products are described in Table 1. The TagMan
MGB probes for the NSP2, NSP3 and VP6 genes were labeled with NED,
VIC and 6-FAM reporter dyes at the 5’ end respectively.

2.2. RNA extraction and qRT-PCR assay

The specificity and limit of detection (LOD) in qRT-PCR assays
utilizing different primers and probes of NSP2, NSP3 and VP6 genes
were determined using MA-104 cell line adapted and sucrose gradient
purified human rotavirus 3 (HRV-3) YO strain at the RNA concentration
of 19.5ng/uL (Nano Photometer,Implen, Germany). Serial ten-fold di-
lutions of purified HRV-3 were prepared in a supernatant of RVA ELISA
(GA Generic assays GmbH, Dahlewitz, Germany) and RT-PCR negative
(30%) fecal specimen. RNA was extracted from fecal supernatants
spiked with HRV-3 using automated MagNA™ 96 viral RNA isolation kit
(USA) according to the manufacturer’s instructions and tested by the
NSP2, NSP3 and VP6 gene based qRT-PCR assays. Briefly, RNA was
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subjected to denaturation at 95 °C for 5 min followed by flash chilling in
ice for 2min. The qRT-PCR was carried out using a TaqgMan One step
RT-PCR master mix (20 uL) (Applied Biosystems, Foster City, CA, USA)
containing 0.33 L of each of the forward and reverse primers as well as
TagMan probe (10 uM concentration each) and 5 pL of denatured RNA
under the following conditions: 48 °C for 30 min, 95 °C for 10 min, 45
cycles of 95 °C for 155, 55 °C for 1 min using a ABI 7500 Real time PCR
System (Fast Dx, Applied Biosystems, Foster City, CA, USA).

To compare LOD obtained by the use of VP6 gene sequence derived
primers of the present study with that of the conventional VP6 gene
primers published earlier (Iturriza Gémara et al., 2002), conventional
RT-PCR assays were performed utilizing One Step RT-PCR kit (QIAGEN,
Germany). PCR products were analyzed by agarose gel-electrophoresis
and visualized under UV transilluminator.

2.3. Preparation of reference RNA standard from RVA VP6 gene

Complete VP6 gene (1.3kb) of HRV-3 strain, was amplified by
conventional RT-PCR using the primers NIVF1-VP6 [GGATCC-5'GGCT
TTTAAACGAAGTCTT (1-19)] and NIVR1-VP6 [GCGGCCGC-5'GGTCA
CATCCTCTCACT (1338-1356)] with T7 promoter sequences at 5’ end
of both primers and cloned into pGEM-T easy vector with BamH1 and
Not1 restriction enzyme sites (Promega, USA). The presence of insert in
the plasmid was confirmed by restriction digestion and PCR.
Transcription was carried out by RiboMax ™~ Large scale RNA production
system with T7 polymerase (Promega, Madison, USA). RNA was pur-
ified using TRIzol LS reagent (Invitrogen, USA) according to the man-
ufacturer’s instructions. RNA concentration was estimated by Nano
Photometer (Implen, Germany) and serial 10-fold dilutions of quanti-
fied RNA (1.2 x 10'2 molecules/ uL) were used as reference standard
RNA. A standard curve was generated by plotting the log dilution of
HRV3 RNA transcript against Ct value to determine the sensitivity of
the assays. The copy number (RNA concentration) was calculated by
using the equation, Copy number (molecules/uL) = [concentration
(ng/uL) X 6.022 x 10** (molecules/mol)]/ [length of amplicon X 340
(g/mol) X1 0° (ng/g)] as described earlier (Mijatovic-Rustempasic et al.,
2013).

2.4. Study specimens

During surveillance studies conducted between 2009 and 2012 in
Western India for detection of rotavirus strains and genotypes, fecal
specimens were collected from children < 5 years, hospitalized for
acute gastroenteritis. Rotavirus positivity was detected in 35-40% of
the specimens by Rotavirus antigen detection ELISA (GA Generic assays
GmbH, Dahlewitz, Germany) (Chitambar et al., 2014). Two hundred
and sixty-six specimens comprising known rotavirus negative (n = 132)

Table 1
Primers and probes used for amplification and detection of rotavirus A.
Name Nucleotide sequence (5’-3") Accession number of the referred strain and location of the primer/probe Amplicon size
NSP2 gene
SM 10 (F) GGCTTTTAAAGCGTCTCAGT (Tm 55) AB022770 (1-20) 101bp
SM 11 (R) AATYTATAGCTATCRTTCTCYARATG (Tm 51) AB022770 (102-77)
SM 12 (P) CCATGGCTGAGCTAGCTTGCTT (Tm 64) AB022770 (45-67)
NSP3 gene
SM 7 (F) ACCCTCTATGAGCACAATAGTTA (Tm 55) AB22771 (1002-1025) 70bp
SM 8 (R) TCACATAACGCCCCTATAGCC (Tm 59) AB22771 (1072-1052)
SM 9 (P) AGCTAACACTGTCAAAAACCTAA (Tm 54) AB22771 (1027-1049)
VP6 gene
SM4 (F) GTNTTTCCACCAGGYATGA (Tm 57) AB022768 (1101-1119) 237bp
SM5 (R) GGTCACATCCTCTCACTA (Tm 46.35) AB022768
(1356-1339)
SM6 (P) CACCATCHAGRGARGATAA (Tm 50) AB022768 (1147-1165)

F: Forward primer; R: Reverse primer; P: Probe; N: A/G/C/T; Y:C/T; H: A/C/T; R: A/G.
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Table 2
: Statistical analysis of Ct values of known RVA ELISA positive and negative
specimens using NSP2, NSP3 and VP6 qRT-PCR assays.

qRT-PCR Mean Ct = SD and 99% range (mean Ct -3SD, mean Ct + 3SD)
assay
qRT PCR reactive/ Known ELISA qRT PCR reactive/ Known
positive (n = 30/30) ELISA negative (n = 5/24)
NSP2 21.5 = 5.1 372 £ 15
(6.3, 36.8) (32.7, 41.8)
NSP3 21.4 = 2.9 40.2 = 1.3
(12.6, 30.1) (30.3, 44.1)
VP6 18.04 + 3.75 382 = 1.4
(6.8, 29.3) (34.04, 42.4)

and positive (n = 134) were included in the present study. Rotavirus
strains detected in ELISA positive fecal specimens were found to contain
common (G1P[8], G2P[4], G9P[8], G12P[6]), unusual (G9P[4], G2P
[6], G12P[8], G19P[8]P[4] and non-typeable (G1P[NT], G2P[NT],
GNTP[8], G9P[NT], GI12P[NT]), GNTP[6]), GNTP[NT], genotype
combinations by multiplex PCR (Iturriza-Gémara et al., 2004). Fecal
specimens from 49 neonates suffered due to gastroenteritis outbreak
and 26 fecal specimens obtained from a group of asymptomatic chil-
dren, < 5 years, hospitalized for diseases other than diarrhea were also
tested. These specimens were tested negative for NoV, enteric AdV,
human AstV, Aichivirus (AiV), Enterovirus (EV) and human Bocavirus
(BoV) by the methods as described earlier (Chitambar et al., 2012;
Lasure and Gopalkrishna, 2017).

2.5. qRT-PCR, quality control and estimation of viral load in fecal
specimens

RNA reference standard of VP6 gene of HRV-3 in serial ten-fold
dilutions and RNA of each of the 30% suspensions of fecal specimens
extracted using an automated MagNA™ 96 viral RNA isolation kit, were
subjected to qRT- PCR assay. Negative control (autoclaved distilled
water) was incorporated in each of the assays. To avoid cross con-
tamination of RNA, extraction of RNA from standard preparation and
fecal specimens and qRT-PCR amplifications were performed in sepa-
rate laboratory rooms. Specificity of the designed primers and probes
for RVA was checked in the qRT-PCR assay by testing fecal specimens
detected positive for other enteric viruses [NoV (n = 11), Human AdV
(n = 10), Human AstV (n = 8), AiV (n = 3), EV (n = 10), human BoV
(n = 5)] in previous studies conducted in the laboratory (Chitambar
et al.,, 2012; Lasure and Gopalkrishna, 2017). Using SDS software
(Applied Biosystems), the runs were analyzed to obtain quantitative
data for estimation of the target gene concentration.

2.6. Statistical analysis

All statistical analysis was performed in PASW Statistics 18. Using
ELISA as the gold standard, the Receiver Operating Characteristic
(ROC) analysis was performed for determination of optimal cut-off for
Cycle threshold (Ct) value to classify specimen as RVA positive or ne-
gative. The ROC was produced by plotting Sensitivity against (1-
Specificity) for different candidate values of Ct which were obtained by
varying Ct value over its possible range according to pre-defined rule as
implemented in PASW.

3. Results
3.1. gRT-PCR primers and probes design
According to the criteria described for designing of primers and probes

(http://www.idtdna.com/analyzer/Applications/Oligoanalyzer/), suitable
consensus nucleotide stretches were identified in three (NSP2, NSP3 and
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VP6) of the eleven genes of RVA. The remaining 8 genes showed lack of
conserved stretches or their suitability for primer designing in multiple
alignments obtained by retrieving respective GenBank sequences. The
suitability of the stretches of selected genes was further confirmed in
multiple alignments obtained by retrieving the sequences of NSP2
(n = 1874), NSP3 (n = 683) and VP6 (n = 1218) genes from human
RVA strains available in GenBank using the key words “Group A rotavirus”
[organism] AND “VP6/NSP3/NSP2” [gene name]. The site was considered
as degenerate when consensus was lower than 95%.

3.2. NSP2, NSP3 and VP6 qRT-PCR assays

The primers and probes based on NSP2, NSP3 and VP6 genes were
employed in qRT-PCR assays involving known ELISA positive (n = 30)
and negative (n = 24) specimens. Known ELISA positive specimens
containing common (G1P[8], G2P[4], G9[8], G12P[6]), unusual (G9P
[4]1,G1P[4]) and non-typeable (GNTP[6], GNTP[NT]) rotavirus strains
showed a range of Ct values between 14.5-33.8, 16.7-28.2 and 12.6-26
in NSP2, NSP3 and VP6 qRT-PCR assays, respectively. Of the 24 ELISA
negative specimens, 19 were nonreactive and remaining 5 showed Ct
values > 35 in all of the qRT-PCR assays. Using the theory of Gaussian
distribution, the range of central 99% observations was estimated by
Mean-3*SD, Mean + 3*SD formula (Table 2). The Mean + 3SD values in
the NSP3 and VP6 qRT-PCR assays showed non-overlapping ranges of
Ct values for the ELISA positive and negative specimens, however si-
milar observation was not recorded for the NSP2 qRT-PCR assay.

The serial ten-fold dilutions (neat to 10~ %) of HRV3 spiked in ro-
tavirus ELISA negative fecal specimen showed reactivity in ELISA up to
the dilution of 102 The viral RNA extracted from these serial dilutions
was used for the detection of LOD of the newly developed NSP2, NSP3
and VP6 based qRT-PCR assays. The 10® dilution containing 1.95 x 10
4 pg/uL of RNA was the highest dilution that showed presence of HRV3
RNA by qRT-PCR targeting NSP2 and NSP3 gene while the VP6 gene
based qRT-PCR detected spiked HRV3 up to the dilution of 10 and
estimated to contain 1.95 x 10 pg/uL of RNA.

3.3. RT-PCR

The performance of conventional diagnostic VP6 gene based RT-
PCR assay described earlier (Iturriza Gémara et al., 2002) was com-
pared with that of the RT-PCR carried out with the primers (SM4 and
SM5) of the VP6 qRT-PCR of the present study. In the conventional RT-
PCR, amplicons of 379 bp size were detected up to the dilution of 107
of HRV3 (Fig. 1a) while RT-PCR of the present study showed PCR
products of 255 bp size up to the dilution of 10 (Fig. 1b).

3.4. VP6 qRT-PCR assay for fecal specimens

Among rotavirus ELISA positive fecal specimens (n = 134), 131
were reactive in VP6 qRT-PCR assay with Ct values ranging from 6.75
to 41.58 (median Ct value: 19). The remaining three specimens were
non-reactive. Nearly 95% (126 /131) of the reactive specimens showed
Ct values < 35. Of the 132 rotavirus ELISA negative specimens, 120
were non-reactive and 12 showed reactivity with Ct values > 35
(Table 3). Of the 49 fecal specimens collected from neonates, 7 speci-
mens positive in rotavirus ELISA were also reactive in qRT-PCR assay
with Ct values detectable between 15.35 and 27.4 (median Ct value
23.01). Ten of the 42 ELISA negative neonatal specimens, showed Ct
values in the range of 21.56-38.84 with median Ct value 33.14. Among
non-diarrheal fecal specimens negative in rotavirus ELISA (n = 26), 5
showed Ct values > 35. NoV, Human AdV, Human AstV, AiV, EV,
human BoV RT-PCR positive fecal specimens (n = 47) were non-re-
active in VP6 qRT-PCR.
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Fig. 1. Electrophoretic migration patterns of ethidium bromide stained PCR products obtained using primers of (a) conventional RT-PCR (product size: 379bps) and

(b) VP6 gRT-PCR of the present study (product size: 255bps).

Table 3
Analysis of the Ct values of the known ELISA positive and negative specimens
using VP6 qRT-PCR assay.

VP6 qRT PCR assay Total
Ct Value < 35 Ct Value > 35
ELISA Positive 126 5 131
Negative 0 12 12
Total 126 17 143

3.5. Determination of Cut-off for Ct value of VP6 qRT-PCR assay

In order to determine the cut off for Ct value, the data obtained from
134 ELISA positive and 132 ELISA negative specimens tested by VP6
qRT-PCR assay was used. Ct values of 143 VP6 qRT-PCR reactive spe-
cimens (131 ELISA positive and 12 ELISA negative) ranged from 6.75 to
44.7 while Ct value remained undetected for three ELISA positive and
120 ELISA negative specimens. A frequency polygon analysis of de-
tectable Ct values showed a bimodal distribution with a clear distinc-
tion at Ct value of 33 (Fig. 2). The Ct values of 12 ELISA negative but
qRT-PCR reactive specimens ranged from 35.2 to 44.7 with 38.2 = 2.5
as Mean = SD and 37.7 as median value. Among 131 ELISA positive
specimens, Ct values ranged from 6.75 to 41.6 and showed 20 + 7.05
as Mean *+ SD while 19.2 as median value. The Mean Ct value +2 SD
for ELISA positive specimens was found to be 34.1. Based on these
observations, the Ct value of 35 was considered as a cut-off value to
differentiate RVA positive from negative specimens. Using ELISA results
as a standard, the ROC curve also supported the cut-off of 35 with
96.2% (126/131) sensitivity and 100% (12/12) specificity.
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3.6. Efficiency of VP6q RT-PCR assay and estimation of viral load

To determine the efficiency of the VP6 qRT-PCR assay, serial 10 fold
dilutions of VP6 RNA transcript were prepared and used as a standard
in assay runs. Each template and non-template control was tested in
duplicate. For accurate and precise measurements, a broad range of
standard dilutions (10~ % to 10!!) was used to construct the standard
curves for RVA (Y= -3.928x + 39.445; R2 = 0.988;
Efficiency —79.7%) (Fig. 3 a and b). Analysis of the calibration data
indicated that the range of the quantitative analysis was from
4.748 x 107 to 4.7 copies per reaction, corresponding to Ct values of
8.46 to 36.97 respectively The plot of Ct values versus log transcript
copy numbers indicated a linear correlation with a R? value of 0.988
and efficiency of the assay was calculated to be 79.7% (Fig. 3a and b).

Rotaviral load was estimated in the 65/131 ELISA positive and qRT-
PCR reactive specimens with Ct values ranging from 11.77 to 41.0.
Sixty two specimens with Ct values < 35 were found to contain RNA
copies between 1.9 x 10* and 4.1 x 107 Remaining 3 specimens with
Ct values > 35 showed RNA copies between 1.1 x 10® and 8.8 x 10°
per reaction. Among ELISA negative diarrheal (n = 5) and non-diar-
rheal (n = 5) specimens with Ct values > 35, the viral load was found
to be below 185 RNA copies per reaction.

Seven ELISA positive (with Ct values 15.3-27.4, RNA copies
1.82 x 103 - 1.73 x 10°® per reaction) and ten ELISA negative (with Ct
values 21.5-38.8, RNA copies 5.0 x 10° - 270.0 per reaction) neonatal
specimens were reactive in VP6qRT-PCR assay. The Mean Ct value
(27.4+ 7.3) of these 17 neonatal specimens was significantly higher
than that of the 143 specimens from older children (21.1 + 8.4) (t test,
p = 0.0066). All 17 specimens were positive for VP6, NSP2 and VP7
RT-PCR and 14 of them were also positive for VP4 multiplex PCR (data
not shown).
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Fig. 3. (a) Amplification curve of HRV-3 YO strain in qRT-PCR using its respective 10 fold serial dilutions of RNA transcripts and (b) the linear relationship between
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4. Discussion

The present study reports evaluation of multiple alignments of
complete or partial nucleotide sequences of all eleven genomic RNA
sequences of human RVA strains and eligibility of the NSP2, NSP3 and
VP6 genes for designing primers and probes in the qRT-PCR assays. The
nucleotide alignments of respective genes obtained in the study were
also utilized to examine the primer and probe sequences of corre-
sponding genes published earlier (Iturriza Gémara et al., 2002; Kang
et al., 2004; Pang et al., 2004; Logan et al., 2006; Freeman et al., 2008;
Jothikumar et al., 2009; Yasmon et al., 2010; Pang et al., 2011; Liu
et al., 2011; Gautam et al., 2016). The designing of NSP2 gene derived
primers and probe described in a single study (Gautam et al., 2016) was
based on the Rotarix vaccine strain, and hence, was useful only for
determining the frequency of Rotarix vaccine strain and vaccine de-
rived reassortant strains associated with acute gastroenteritis. On the
other hand, the NSP3 gene based TagMan assay has been reported
widely for detection of RVA (Pang et al., 2004; Freeman et al., 2008;
Jothikumar et al., 2009; Pang et al., 2011; Mijatovic-Rustempasic et al.,
2016). The primer and probe sequences of this gene initially designed
by Pang et al., (2004) were utilized in other studies after modifications
(Freeman et al., 2008; Pang et al., 2011; Liu et al., 2011). The modified
primer and probe sequences when examined along with nucleotide
alignment of 683 GenBank strains in the present study, showed their
suitability for detection of majority of the human RVA strains except
mcs 65, mcs 72 and mcs 90 (GenBank accession numbers: JX307624 —
JX 307,626) strains of G8P[4] genotype combination (Mukherjee et al.,
2013) due to the substitution (C—T) at extreme 3’ end in the forward
primer (NVP3-F Deg). The primers and probe designed from 5’ end
sequence of NSP3 gene have also been described by Jothikumar et al.,
(2009). Although the primers from this study did not show any mis-
matches in the alignment of GenBank strains included in the present
study, probe (JVKP-FAM) showed 18.8% of nucleotide frequency of “A”
at position 73 in place of “G” which is in close proximity to the 3’ end of
the probe indicating the need to modify this position as Y (G/A) to
avoid false negative results.

The use of the VP6 gene sub-grouping region derived primers and
probes in RT-PCR and/or qRT-PCR have been reported in several stu-
dies (Iturriza Gémara et al., 2002; Kang et al., 2004; Iturriza-Gémara
et al., 2009; Yasmon et al., 2010). Analysis of forward primer, (VP6F)
described in these studies using nucleotide alignment of GenBank
strains (n = 1218) indicated mismatched nucleotide at the extreme of
3’ end in three GenBank strains (Fig. 4). Besides this, multiple sub-
stitutions were noted in the middle of the primer in multiple strains
(Fig. 4), thus suggesting the necessity of appropriate modifications (V—
N, C—Y, R—D) in the sequence as well as in the length of the primer
(Fig. 4).

Logan et al. (2006) described qRT-PCR assay consisting of 2 forward

T c
= 10611218 || 7321218 G c**
(68.71%) (60.19%) || 311218
3751218 (0.24%) %122‘:;)

(30.83%)

R o

T c A G T
8501218 || 3g1/1218 1055/1218 || 12411218 || 351218
(69.90%) || (20.68%) 86.75%) || (10.19%) || (2.87%)

Fig. 4. Determination of frequency of nucleotide substitutions in VP6 F primer
published earlier* using GenBank nucleotide sequences from human RVA
strains (n = 1218).

* Tturriza Gomara et.al (2002).

** Three GenBank strains EU372734- G9P[8], HM066153- G2P[4], JQ069587-
G1[8] with

extreme 3’ end mismatch.
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primers (Rota A fwd1 and Rota A fwd2), 2 reverse primers (Rota A revl
and Rota A rev2) and two probes (Rota A probe 1VIC and Rota A probe
2VIC) designed from 5’ end of VP6 gene sequence. This assay ensured
maximum sensitivity; however use of two probes was uneconomical
making it unpractical for the purpose of routine diagnosis. In addition
to this, rotavirus strain [KF035111.1, G4P[14]] showed substitution
(T—C) at extreme 3’ end in both probes.

The limitations of the NSP2, NSP3 and VP6 derived primers and
probes published in earlier studies have been overcome in the newly
developed qRT-PCR assays of the present study by selecting conserved
stretches of the genes and/or incorporating degenerate primers in the
assays. The performance of the NSP2, NSP3 and VP6 gene based qRT-
PCR assays of the present study was assessed by using known rotavirus
ELISA positive and negative specimens. The NSP2 qRT-PCR assay dis-
played slightly higher Ct + SD values as compared NSP3 and VP6 gene
based qRT-PCR assays (Table 2) during testing of the clinical specimens
with RNA detection sensitivity similar to that of the NSP3 qRT-PCR
assay. However, Mean =+ 3SD values estimated using Gaussian theorem
showed overlapping pattern in the known ELISA positive and negative
samples, thus making NSP2 qRT-PCR assay unfit for diagnostic purpose.

Among the remaining assays developed in the present study, non
overlapping patterns of Mean + 3SD values estimated in a similar
manner were shown by the NSP3 qRT-PCR and VP6 qRT-PCR assays for
known ELISA positive and negative samples. However, lowest Ct values
for the known RVA positive clinical specimens and 10 fold more sen-
sitivity with RNA detectable limit of 1.95 x 10~ ° pg/uL encouraged us
to select VP6 qRT-PCR assay for further study. One hundred fold more
sensitivity of the VP6 qRT-PCR primers as compared to those of con-
ventional VP6 RT-PCR diagnostic assay (Iturriza Gomara et al., 2002)
was also confirmed by the RT-PCR assay in the present study (Fig. 3 a
and b).

The VP6 qRT-PCR assay carried out on the known RVA ELISA po-
sitive specimens (n = 134) indicated presence of RVA genome in 131
specimens. Three specimens non-reactive in VP6qRT-PCR assay were
non-typable by multiplex PCR applied for genotyping and negative in
VP6 RT-PCR indicating absence of viral genome in capsids or false
positivity in ELISA test as reported earlier (Kang et al., 2013). Among
the RVA ELISA negative specimens of diarrheal and non-diarrheal in-
dividuals majority were non-reactive with exception of 17 specimens
with Ct values > 35 suggesting absence of acute phase of the disease
due to rotavirus infection. Among the neonates, the Mean Ct value qRT-
PCR reactive specimens was markedly higher than that of older chil-
dren (n = 17, 27.4+ 7.3 vs n = 143, 21.1+ 8.4; p = 0.0066) thereby
indicating low content of viral load and/or limited replication of rota-
virus in the neonatal gut.

RVA VP6 qRT-PCR assay did not show any cross reactions with other
enteric viral pathogens namely NoV, AdV, AstV, AiV, EV, BoV displaying
specificity of the assay only for RVA. Further, the utility of the VP6 qRT-
PCR assay to detect different vaccine strains (Rotarix- Acc.
No0.KX954619.1; Rotavac - Acc. No.FJ361206.1; RotaTeq-BrB-9/1996/
G4P7[5]- Acc. No.GU565089.1; RotaTeq-WI78-8/1992/G3P7[5]- Acc.
No.GU565078.1; RotaTeq-SC2-9/1992/G2P7([5]) - Acc. No.GU565067.1;
RotaTeq-WI79-9/1992/G1P7[5]- Acc. No.GU565056.1; RotaTeq-WI79-
4/1992/G6P1A[8]- Acc. No.GU565045.1) was confirmed by locating the
primers and probe in the corresponding GenBank nucleotide sequences
(data not shown). The frequency polygon analysis and ROC analysis also
indicated cut-off value of 35 for Ct with high sensitivity (126/131, 96%)
and specificity (12/12, 100%) of VP6 qRT-PCR assay.

To summarize, the present study reports development of a sensitive
and specific TagMan based qRT-PCR assay for detection of RVA. The
use of this assay could be extended for better understanding of spec-
trum of gastroenteritis under different conditions.
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