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Abstract

Methods

Results

Conclusions
× Phylogenetic analysis indicated that the observed variation in peak Tm values of GII

positive samples tested in the NoV-PCR assay was associated with the presence of 
viruses belonging to different GII genoclusters. 

× A significant increase in the incidence of a GII.12 genocluster strain, closely related
to NSW199U, was identified in the winter season of 2009-10.  This variant was 
identified in 21/35 (60%) of states submitting samples for NoV-PCR testing.

× These results illustrate the added value of performing diagnostic testing using     
technologies like MultiCode® -RTx that enable the identification of novel target 
sequence variants.

In brief, the NoV-PCR assay was performed as follows: nucleic-acid was recovered 
from clinical stool samples using the MagNA Pure LC Total Nucleic Acid Kit (Roche) ï
followed by reverse transcription, amplification and detection in the Rotor -Gene 6000 
(QIAGEN). The multiplex design allowed for differentiation of NoV GI and GII by 
peak Tm analysis of PCR products (GI: 75.4ºC - 77.0ºC and GII: 78.8 ºC- 80.6ºC).

Capsid protein & polymerase gene PCR reactions were performed as follows: nucleic 
acid was reverse transcribed and amplified using primers described by Yoon, et.al., J. 
Clin. Microbiol., 2008 ( capsid) and Chung, et.al., J. Med. Virol., 2009 (polymerase), by 
utilizing the OneStepRT-PCR Kit (QIAGEN) and a GeneAmp® PCR System 9700 
thermal cycler (Applied Biosystems).  PCR products (341-bp and 338-bp respectively) 
were purified using the QIAquick PCR Purification Kit (QIAGEN) and were bi -
directionally sequenced using the Quick Single Pass DNA Sequencing Protocol 
(performed by ACGT Inc., Wheeling, IL.).

Sequences were read and compiled using Sequence Scanner v 1.0 (Life Technologies) 
and alignment and phylogenetic analysis performed with BioEdit Sequence Alignment 
Editor and the MEGA4 software suite. 

Table 1. 

Comparison of NoV RTx results obtained 
at ViroMed using the NoV-PCR assay for 
the two season (2008-2009 and 2009-
2010) study period.  Total number of tests 
performed in 2009-10 was substantially 
lower than the corresponding period in 
2008-09, however, NoV-RNA positivity rate 
was unchanged.

Figure 3. 2009-2010 geographical 
distribution of NoV GII.12 
(Variant B).

Figure 1. Schematic illustration of the MultiCode® -RTx system and instrument readout 
from NoV-PCR GII+ variants.

Figures Sequences were edited and
aligned using BioEdit
Sequence Alignment Editor, 
and phylogenetic analysis 
conducted using the MEGA4 
software suite.  Evolutionary 
distances were computed 
using the neighbor-joining 
method with Kimura two -
parameter estimation.  The 
bootstrap values generated 
from 100 replicates are 
shown on each branch.

(a) Phylogenetic analysis of 
the N-terminal region 
(282bp) of the NoV capsid 
gene.  A total of 33 
sequences derived from 
clinical samples were 
analyzed along with 40 
reference GII sequences, 
with the Norwalk (GI) virus 
utilized as the out-group.  

(b) Phylogenetic analysis of a 
region of the RNA-
dependent RNA polymerase 
gene (291bp) of GII 
Noroviruses using 13 
reference strains and 
Norwalk (GI) as the 
out-group. (*) indicates that 
genocluster designation was 
inferred from the capsid
sequence. 

Noroviruses (NoV) are a group of small, single-stranded, positive-sense RNA viruses 
that constitute an important etiologic agent of acute gastroenteritis in humans. These 
viruses are commonly associated with large-scale outbreaks in hospitals, cruise-ships, 
schools and daycare centers. Two genogroups (I and II) are primarily responsible for 
human disease, with a specific genocluster (designated GII.4) being recognized as 
the most commonly implicated virus in both sporadic and epidemic norovirus 
infections worldwide. A diagnostic PCR assay for detection of NoV-GII is performed at 
ViroMed Laboratories, utilizing MultiCode-RTx® technology (EraGen Biosciences, 
Madison, WI). The assay targets the highly conserved ORF-1/ORF-2 junction of GII 
viruses, with confirmation of positive results being achieved via comparison of peak 
Tm values of amplified products with that of an ultrameric GII control target. In 
December 2009 it was noted that several samples containing high concentrations of 
target RNA produced amplicons with peak Tm values 0.5-1.2ºC below the Tm value of 
the control amplicon. Retrospective review of past data demonstrated this to be a 
highly unusual occurrence and further investigation was initiated. During the period 
November 1, 2009 through *February 28, 2010, a total of 763 NoV-PCR tests were 
performed at ViroMed Laboratories on samples originating from 34 states and the 
District of Columbia. Of these, 342 (44.8%) were positive for NoV, with 3 (0.9%) 
samples positive for NoV-GI and 339 (99.1%) positive for NoV -GII. Further analysis 
of the data for GII positive samples revealed that 255 samples (75.2%) generated 
amplicons with peak Tm values within 0.4ºC of the control amplicon (Variant A), 64 
samples (18.9%) generated amplicons with peak Tm values 0.5-1.2ºC below the 
control amplicon (Variant B), and 20 samples (5.7%) generated amplicons with peak 
Tm values 0.5-1.2ºC above the control amplicon (Variant C). The 3ô-region of the 
capsid protein (ORF2) gene was amplified from representative members of each of 
the observed variants, and phylogenetic analysis performed.  All analyzed viruses in 
the Variant A and C groups belonged to GII.4 and were related to major circulating 
strains of this genocluster identified in the US over the past 5 years.  All Variant B 
viruses, however, belonged to GII.12, and were most closely related to a virus 
(NSW199U) reported from a norovirus outbreak in Australia in 2006.  Retrospective 
analysis of data from the corresponding period of the previous winter season 
(November, 2008 ïFebruary, 2009) revealed that of the 723 NoV positive samples 
(45.9% of all samples tested), 57 (7.9%) were GI positive and 666 (92.1%) GII 
positive.  Of the GII positive samples, 628 (94.5%) were Variant A, 13 (2.0%) 
Variant B, and 25 Variant C (3.8%). These data indicate a dramatic increase in the 
incidence of norovirus infections with GII.12 strains in the US in the 2009 -10 season, 
and also demonstrate the epidemiologic value of utilizing diagnostic PCR assays 
capable of detecting and identifying viral variants. 
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NoV RTx 
Assay

Sample s

2008 -2009 2009 -2010

Total 1575 763

Negative 852 421

NoV+ 723 342

NoV GI+ 57 3

NoV GII+ 666 339

NoV GII+ Variant A 628 255

NoV GII+ Variant B 13 64

NoV GII+ Variant C 25 20

Figure 2. 

Incidence of identified NoV GII variants 
in NoV-RNA positive samples tested at 
ViroMed in 2008-09 and 2009-10. 
Illustrates the dramatic increase in 
frequency of identification of NoV GII 
Variant B.

NoV
Strain

Age               
(years)

No. 
positive

% 

GII.4

< 5 39 14.8

5 - 18 14 5.3

> 18 211 79.9

GII.12

< 5 6 9.7

5 - 18 10 16.1

> 18 46 74.2

Table 2. 2009-2010 distribution 
of NoV GII.4 (Variants A 
and C) and NoV GII.12 
(Variant B) in pre-school, 
school-aged and adult 
populations.

Figure 4a.

Figure 4b.

4a and 4b.


