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Dear Sir,

Group C rotaviruses (species RoÍal:ints C, RVC) are characterized with a non-enveloped'

triple-layered capsid that encases an 1 l-segmented double-stranded RNA genome. RVCs are

classified in the genus Rotavirus, family Reoviridae (Estes and Greenberg, 20l3).

Epidemiological investigations worldwide have revealed that the prevalence of RVCs in

gastroenteritis is lower than that of group A rotaviruses (RVA). Difference in detection rates

of RVC among studies is pending on choice of method, study year and area, epidemiological

settings and age group. Apart from the sporadic cases reported ftom many countries

worldwide large outbreaks associated with RVC have been also reported, predominantly liom

Japan (Adah et a|,,2002; Baek et a|.,20|3; Bányai et a|',2006: Esona et al., 2008; Hamano et

al., 1999; Kumazaki and Usuku,20l4; Medici et a1.,2009; Rodger et al., 1982; Schnagl et al.,

2004). Methods to detect and differentiate RVC infection from gastroenteritis caused by other

rotavirus species rely on antigen detection, genomic RNA fingerprinting and reverse

transcription (RT)-PCR coupled with nucleotide sequencing (Fujii et al., 1992; Cuovea et al.,

l99 l ;  Khamrin et  a l . ,2A1l;  Meleg et  a l . ,  2008; Rodger et  a l . ,  1982).

RVC infection has been reported in a few cases in Hungary using genomic RNA

fingerprinting and RT-PCR (Bányai et a|', 2006; Szucs et al., l987). Sequencing and

phylogenetic analysis of the VP7, vP4, vP6 and NSp4 genes uncovered great genetic

re|atedness of the Hungarian RVC strains to other common human RVCs (Bányai et al.,

2006). The number of human RVC strains with whole genome sequence is scanty. Available

genome sequence information suggests that at least two major human lineages can be

distinguished based on backbone gene combinations. One cluster includes strains detected in

various areas of the globe including the historic strain, Bristol, whereas the other cluster

includes fewer strains detected during the past decade in Far East Asian countries (Yamamoto



et al.,201l). Although the zoonotic potential of RVCs is not fully understood, partial genome

sequence information suggests that it may occur from swine to human, which may further

increase the strain diversity in humans (Gabbay et al., 2008).

Recently, we have set up a whole genome sequencing based strain surveil lance of

human RVAs. When processing data obtained for the sample set collected during 2012-2013

we serendipitously identified RVC sequences in stool samples selected originally based on

positive antigen test results for RVA (Table). ln the 2012-20 l3 RVA surveil lance study, a

total of 392 human stool samples were processed for unbiased detection of RVA genotypes

using the protocol described earlier (Dóró et a|.'2014). ln brie| laboratory methods included

RNA extraction from stool suspensions followed by random primed RT-PCR. Two-hundred

base pair DNA libraries were prepared for clonal amplification and semiconductor sequencing

on lon 316 chips. Next-generation sequencing data were processed by trimming, de novo

assembly and reference mapping onto a large collection of viral sequences retrieved from

GenBank using the modules in the cLC Genomics workbench (http://www.clcbio.com).

Following de novo and metagenomic assernblies of sequence reads a total of four

samples were found to contain RVC genomic RNA. All four samples were detected during

2013 inthe south-eastern region of Hungary (Table). Ofthese, one sample had low number of

RVC specific sequence reads (n=14) and was not used for additional analyses. Another three

samples yielded sufficient sequence reads to be able to assemble the entire coding regions and

even the (near) full genome sequence. The genomes of strains, RVC/Human-

wt/HUN/ERN6210120l3lG4PI2I, RVC/Human-wt/HUN/ERN6zt6t20t3tG4p[2] and

RVC/Human-wt/HUN/ERN6233l2013lC4P[2] were assembled from 13474,9085, and 13262

sequence reads, respectively (GenBank accession numbers KP776576-Kp776608).

To determine the genetic relationship among the Hungarian RVCs and those detected

in other geographical areas reference sequences were retrieved from GenBank



(http://www.ncbi.nlm.nih.gov/genbank). Phylogenetic analysis was carried out with the

maximum-likelihood and neighbor-joining algorithms as implemented in MEGA6

(http://www.megasoftware.net). Best fit substitution models (NSPl, GTR+G+I;NSp2, T92+l;

NSP3, TN93+I; NSP4, T92+g; NSP5, HKY+G; VPI,  TN93+G+I; VP2, GTR+G+I; VP3,

GTR+Q+1; VP4, GTR+G; VP6, T92+G+t; Vp7, Tg2+G) were selected based on the BIC

(Bayesian lnformation Criterion) values. The robustness of trees was tested bv 1000 bootstrao

replicat ions.

The analyses of the ll RVC genes showed very close genetic relationship among the

three Hungarian RVC strains (>997o nt similarities with 0 to 5 point mutations along each

segment). Additionally, all three strains shared >99%o nt sequence identity with RVC strains

collected during the 2000s in Japan and China with the exception of the NSP4 gene. These

Far East Asian strains were reported to have several distinguishing features from the globally

major variant of human RVCs, including the putative unique genotype of the Vp3 gene as

well as minor sequence variations in other genes (Yamamoto et al., 201l). All three

Hungarian RVCs clustered with the Far East Asian strains in most gene phylogenies. The

only exception was seen in the NSP4 gene phylogeny showing a closer relationship to the

globally spread variants of human RVCs (Fig).

In Hungary, RVC iníections are thought to be rare (Bányai et a|., 2006: Szucs et al.,

|987). RVCs in this study were serendipítously identified in stoo| samples positive for RVA.

The detection rate of RVCs among samples selected for RVA strain monitoring liom the

south-eastern region of Hungary was 0% (0 of 94) in20|2 and 7.|oÁ (4 of 56) in 20l3. This

finding was somewhat unexpected and could be associated with a local outbreak or small

epidemic during the winter-spring season of 20 13. Unfortunately, as we included in the

analysis only RVA-positive samples, it was not possible to determine the true prevalence of

RVCs in the study period and its relevance to disease.



To our knowledge this is the first study from Europe to report the occurrence of

reassortant human RVCs bearing the genetic backbone ofthe Asian lineage of human RVCs.

The introduction of this newly described human RVC lineage in Hungary was accompanied

with reassortment involving the NSP4 gene. The question, whether in Europe this lineage is

currently co-circulating with the globally common lineage or novel reassortant strains may

have replaced the historic RVC lineage over time, is unclear. The apparent changes in the

epidemiology of human RVCs is a novel finding that warrants the extension of RVC

surveillance using whole genome sequence data in future molecular epidemiological

investisations.
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Figure legends

Fig. Phylogenetic trees obtained by the neighbor-joining method for all I I genes using

representative international strains and the Hungarian human RVCs. A bovine RVC strain

was used as outgroup throughout the analyses. Hungarian strains are highlighted. Bootstrap

values >60 are shown in branch nodes. Scale bars are proportional to the genetic distance;

numbers above the scale bars indicate the number of substitutions per sites, Putative main

lineages (solid l ines) and/or sub-lineages (dashed lines) of human RVCs are indicated on the

right margin of each tree. In the vP3 gene phylogeny, solid l ines on the margin separate

putative genotypes. Strain nomenclature recommended by Matthijnssens et al. (2011) is

implemented using the G and P genotype designations as recommended by Yamamoto et al.

(201l). (Phylogenetic trees obtained by the maximum-likelihood method showed similar tree

topologies; data not shown)
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RVC/Human-wUARG/Arg1 73 I /2003/G4P[X]

RVC/Human-wURUS/Nsk09-843/2009/c4P[21
RVC/Hu ma n.wÜNGA/Moduganari/l 999/G4P[2]

RVC/Human-wUNGA/Jajeri/1 999/c4P[2]
RVC/Human-wí|ND/V508/2o051 /G4P[2]
RVC/Human-wUESP/BCN9/1 997/G4P[Xl

RVc/Human.wÜ|ND/V460/2005/G4P[x]
ll_J- RVC/Hu man-wUBG D/8S347/2005/c4P[2ll

,, r- RVC/Human-WUKOR/CAUl 0-31 2/2O1OtG4pI27
RVc/Hu man.wUJ PNí57/2o00/G4P[Xl

RVC/Hu man-wÜJ PN/oK450/1 989/G4P[x]
Outgroup



Table Background information of diarrheic patients whose stool specimens were positive for

human RVC by viral metagenomics.

Patient Sample Setting Age Gender Symptoms' Living area

col lection

I Jan 2013 Outpatient 4 y M D+V Urban

2 Jan 2013 Inpatient 74 y M D Rural

3 Jan 20 13 Inpatient 9 y F D+V Urban

4 Apr20l3 lnpat ient 5y F D Rura l

D, diarrhea; D+V, diarrhea and vomiting

l 0
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