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We report here new recombinants between the noro-
virus II.4 Sydney 2012 and the II.4 New Orleans 2009 
variants. This demonstrates that the II.4 Sydney 2012 
variant is undergoing further diversification and sug-
gests a potential for rapid evolution. We also provide 
primers, which allow the amplification and sequenc-
ing of both the current New Orleans 2009 and Sydney 
2012 variants and the new II.4 New Orleans 2009/II.4 
Sydney 2012 recombinants for more accurate surveil-
lance and transmission tracking.

In the period between December 2012 and April 2013, 
a selection of norovirus (NoV)-positive samples which 
had been submitted to Statens Serum Institute (SSI) 
for diagnostic purposes were further characterised by 
typing sequences of the NoV derived polymerase (pol) 
and capsid (cap) genes. Based on their characteristics, 
the pol and cap sequences were respectively assigned 
to a particular NoV genotype within genogroup I (GI) or 
genogroup II (GII), including NoV GII, genotype 4 (II.4) 
variants where applicable. A number of samples tested 
concomitantly positive for the pol of one NoV variant 
and the cap of another. For example, the GII, genotype 
e (II.e) Sydney 2012 NoV pol/II.4 Sydney 2012 NoV cap 
sequences were co-detected in some samples and in 
other samples the II.4 New Orleans 2009 NoV pol/II.4 
Sydney 2012 NoV cap sequences were co-detected. As 
this could potentially indicate the presence of recom-
binant NoV in such samples, primers for a polymerase 
chain reaction (PCR) assay were designed to investi-
gate if recombinants could be detected in the samples. 

Background
The NoV Sydney 2012 variant has since late 2012 
attracted global attention and several countries have 
reported an associated increase in NoV cases and a 
rapid evolution of this variant [1-4]. The earlier domi-
nant New Orleans 2009 variant [5] has been replaced 
by the Sydney 2012 variant in the United States [3]. We 
provide here evidence for the emergence of recombi-
nant Sydney 2012 variants and present primers to ena-
ble the amplification and sequencing of these variants.

New recombinants
Characterisation of NoV was done by typing of the 
NoV pol and cap regions. Typing of the pol region was 
conducted using a first round reverse transcription-
PCR (RT-PCR) with the primers NV32,NV32a (forward 
primers)/NV36 (reverse primer), followed by a second 
PCR using the primers NV33,NV33a (forward primers)/
NV35,NV35a (reverse primers) [6,7]. The PCR prim-
ers in this assay were designed to anneal conserved 
regions shared by NoV of GI and GII and can amplify 
both NoV GI and GII viral sequences. Typing of the cap 
region consisted in a semi-nested PCR for either GI 
or GII viral sequences. In the first RT-PCR round, the 
primers G1FF/G1SKR for GI or G2FB/G2SK for GII [8,9] 
were used, followed by a second round PCR using the 
primers GIFFN/G1SKR (GI) or GIIFBN/G2SKR (GII) [9,10]. 
This allowed us to retrieve and analyse the pol and cap 
genetic sequences derived from individual NoV posi-
tive samples submitted to SSI for routine diagnostics, 
and to respectively assign each sequence to a NoV 
variant. Co-detection in a sample of a pol sequence 
characteristic of one NoV variant and a cap sequence 
characteristic of another could suggest possible NoV 
recombinants. 

The first sample with evidence of possible recombi-
nation had been sent to SSI on 21 December 2012. In 
the period from 8 December 2012 to 12 April 2013, a 
total of 34 samples were typed in both the pol and cap 
genes and of these, three (9 %) were II.4 New Orleans 
2009 in both pol and cap, 10 (29%) were II.e Sydney 
2012 in pol and II.4 Sydney 2012 in cap and 16 (47%) 
were II.4 New Orleans 2009 in pol and II.4 Sydney 2012 
in cap, while the remaining five (15%) were other NoV 
types (Figure 1). 

Interestingly, we did not observe any indications for a 
recombination of the II.e Sydney 2012 NoV pol and the 
II.4 New Orleans 2009 NoV cap sequences, which could 
indicate a strong selection pressure against contin-
ued circulation of any NoV variant containing the New 
Orleans 2009 NoV cap.
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Figure 1
Characterisation of norovirus positive samples by analysing respective polymerase and capsid sequences, Denmark, 08 
December 2012–12 April 2013 (n=34) 
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Cap: capsid; NoV: norovirus; pol: polymerase.

The pol and cap type are indicated in the coloured legend.

Table 
Primers used for polymerase chain reaction amplification or sequencing of a norovirus contiguous genomic region sequence 
containing polymerase and capsid regions in order to detect norovirus recombinants

Reaction types Primer name Primer 
orientation Primer sequence (5´ to 3´) Annealing 

positiona
PCR product size 

(bp)

First PCRb/
sequencing 

Pol F1 Forward CAGAACCACATTTGGCTCAGGTAGTC 4,371
1,325

Capsid R1 Reverse CGTGAGAACTCGACAAGAAACTGTGAAGAC 5,696

Second PCRb,c/
sequencing 

Pol F2 Forward GCGACTTCACAATATCAATCAACGAGG 4,434
846

Capsid R2 Reverse TGTAAACTCTCCACCAGGGGCTTGTAC 5,280

PCR: polymerase chain reaction.

a  Relative to the II.4 New Orleans 2009 norovirus variant reference sequence (GenBank accession number: GU445325.2).
b  The primers for this PCR can equally well amplify a genomic region with the New Orleans 2009 polymerase and capsid sequence, a genomic 

region with the Sydney 2012 polymerase and capsid sequences, or a recombinant genomic region with the New Orleans 2009 polymerase 
and the Sydney 2012 capsid sequences.

c  The second PCR is optional and can be used for samples with no product after the first PCR.
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Figure 2
Phylogenetic analysis of the contiguous polymerase and capsid sequence regions retrieved from norovirus positive samples, 
Denmark, 03 January–30 March 2013 (n=21)
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Filled icons represent tested samples in this study; outlined icons represent reference sequences.

The tree is a Neighbour Joining tree. Numbers at the nodes indicate supporting bootstrap values obtained from 1,000 replicates. Triangles 
with the same colour represent sequences differing from each other by no more than five single nucleotide polymorphisms. On the tree 
leaves the GenBank accession numbers of sequences are shown. When sequences are not reference sequences, the GenBank number is 
followed by the collection date of the sample from which the sequence was derived. 

The pol and cap region types of the sequences (which were determined by typing for non-reference sequences) are shown to the side of the 
tree. 
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Since the pol and cap typing produce two non-over-
lapping sequences, the possibility of patients hav-
ing a double infection with both the II.4 New Orleans 
2009 NoV pol/II.4 New Orleans 2009 NoV cap and the 
II.e Sydney 2012 NoV pol/II.4 Sydney 2012 NoV cap 
variants could not be excluded. Therefore, to confirm 
recombination, we designed a set of nested primers 
(Table), allowing for amplification and sequencing of 
a contiguous genomic region containing both parts of 
the pol and cap regions used for typing, and the inter-
genic region. 

In total, 21 samples, collected in the period from 03 
January 2012 to 30 March 2013 were RT-PCR amplified 
and directly sequenced using the primers in the Table. 
Typing was initially performed using the typing tool 
implemented at the National Institute for Public Health 

and the Environment (RIVM) in the Netherlands [11]. 
Of the 21 amplified sequences, 19 were long enough 
to yield sequencing results for both the pol and cap 
regions, while two yielded sequencing results for the 
entire pol sequence but were too short to include the 
complete cap sequence. These two sequences were 
respectively derived from two samples which had been 
included in the 34 samples previously typed by inde-
pendent amplification of the pol and cap sequences. 
Therefore the missing cap region of the two incom-
plete sequences could be obtained from the result of 
this previous typing approach. Phylogenetic analysis 
was performed on the sequences (Figure 2) using the 
Neighbour Joining method with Jukes Cantor imple-
mented in Mega 5 [12]. 

Figure 3
Simplot showing the percentage similarity between selected sequences retrieved from norovirus positive samples (n=8) in 
Denmark and the II.4 New Orleans 2009 reference sequence (GenBank accession number: GU445325.2)

Cap: capsid; NoV: norovirus; pol: polymerase.

The New Orleans 2009 norovirus reference sequence (GenBank accession number: GU445352.2) was used as the query sequence. In the 
legend, the GenBank accession numbers of the sequences are given for all eight sequences obtained from samples in this study and the 
Sydney 2012 reference sequence (GenBank accession number: JX459908.1) as well as the pol and cap type. For the II.4 New Orleans 2009 
NoV pol/II.4 Sydney 2012 NoV cap recombinants, the different line colours indicate that these sequences originate from independent 
recombination events. The Simplot settings were: Window: 200 bp, Step: 20, GapStrip: On.
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According to the phylogenetic tree, the sequences 
which were typed as II.4 New Orleans 2009 pol/II.4 
New Orleans 2009 NoV cap or II.e Sydney 2012 NoV 
pol/II.4 Sydney 2012 NoV cap formed clusters with 
their respective reference sequences, whereas the 
sequences typed as II.4 New Orleans 2009 NoV pol/
II.4 Sydney NoV 2012 cap did not cluster together with 
any of these reference sequences. Most (8 of 13) of 
the recombinant II.4 New Orleans 2009 NoV pol/II.4 
Sydney 2012 NoV cap sequences were localised to a 
single cluster (light green triangles on Figure 2). The 
samples in this cluster were collected during a period 
of 86 days (from 26 December 2012 to 22 March 2013) 
and differ from each other by no more than five single 
nucleotide polymorphisms (SNPs). These recombinants 
therefore probably arose from a unique recombinant, 
circulating in the Danish population during this period, 
which had been generated from a single recombination 
event. Another small cluster containing two sequences 
(pink triangles) and three other unclustered sequences 
(dark green, green and purple triangles) were distinc-
tively different from the dominant cluster (light green 
triangles) (Figure 2). These five sequences were all col-
lected during the same time period as the sequences 
in the majority cluster and probably arose from four 
individual recombination events. Therefore, this analy-
sis confirms that II.4 New Orleans 2009 NoV pol/II.4 
Sydney 2012 NoV cap recombinants have emerged 
independently and that up to five individual recombi-
nation events can be observed among the analysed 
samples. 

Eight selected NoV sequences from this study and 
the II.e pol/II.4 cap Sydney 2012 reference sequence 
(GenBank accession number: JX459908.1) were fur-
ther analysed over a region of 1,161 nucleotides using 
Simplot 1.3 [13] with a windows size of 200 and a 20 bp 
step using the New Orleans 2009 reference sequence 
(GenBank accession number: GU445325.2) as the query 
sequence (Figure 3). The selected sequences included 
two sequences from the study defined as having a 
II.e Sydney 2012 NoV pol and a II.4 Sydney 2012 NoV 
cap (Figure 3, in blue), one sequence from the study 
defined as having a II.4 New Orleans 2009 NoV pol and 
a II.4 New Orleans 2009 NoV cap (Figure 3, in red) and 
five sequences with a II.4 New Orleans 2009 NoV pol 
and a II.4 Sydney 2012 cap. These latter five sequences 
were chosen as representatives of recombinants which 
arose from three independent pol/cap recombination 
events (Figure 3, in dark green, light green and purple). 
The Simplot shows that all the chosen II.4 New Orleans 
2009 NoV pol/II.4 Sydney 2012 NoV cap recombinant 
sequences (dark green, light green and pink lines) are 
very similar to the II.4 New Orleans 2009 NoV pol/II.4 
New Orleans 2009 NoV cap sequences (red line) in 
the pol region and a have a cap region similar to II.4 
Sydney 2012 NoV cap. 

The region around position 600 to 625 (position 5,037 
to 5,062 on the II.4 New Orleans 2009 reference 
sequence (GenBank accession number: GU445325.2), 

where the similarity between the II.e Sydney 2012 NoV 
pol/II.4 Sydney 2012 NoV cap sequences (Figure 3, blue 
lines), and the II.4 New Orleans 2009 query sequence, 
reaches a maximum, corresponds to the beginning of 
the II.4 Sydney 2012 NoV cap gene sequence. As this 
sequence is common to the II.4 New Orleans 2009 
NoV pol/II.4 Sydney 2012 NoV cap recombinants (dark 
green, light green and pink lines) this indicates that 
recombination has occurred in this region.

Conclusion
Recombination is a major diversifying factor in the 
evolution of several NoV genotypes and II.4 variants 
[14,15] and might result in the emergence of more viru-
lent variants [16,17]. We report here the emergence 
of new recombinants of the Sydney 2012 NoV vari-
ant, which shows that this variant is undergoing fur-
ther diversification. It remains to be determined how 
virulent the new recombinants will be, including their 
capability to escape the acquired herd immunity. We 
also here provide primers, which will allow for identi-
fication of both the II.4 New Orleans 2009 NoV pol/II.4 
New Orleans 2009 NoV cap and II.e Sydney 2012 NoV 
pol/II.4 Sydney 2012 NoV cap and the recombinant II.4 
New Orleans 2009 NoV pol/II.4 Sydney 2012 NoV cap 
variants for more accurate surveillance and transmis-
sion tracking.
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