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A B S T R A C T   

Rotaviruses are causative agents of diarrhea in humans and animals. Currently, the species rotavirus A-J (RVA- 
RVJ) and the putative species RVK and RVL are defined, mainly based on their genome sequence identities. RVK 
strains were first identified in 2019 in common shrews (Sorex aranaeus) in Germany; however, only short 
sequence fragments were available so far. Here, we analyzed the complete coding regions of strain RVK/shrew- 
wt/GER/KS14–0241/2013, which showed highest sequence identities with RVC. The amino acid sequence 
identity of VP6, which is used for rotavirus species definition, reached only 51% with other rotavirus reference 
strains thus confirming classification of RVK as a separate species. Phylogenetic analyses for the deduced amino 
acid sequences of all 11 virus proteins showed, that for most of them RVK and RVC formed a common branch 
within the RVA-like phylogenetic clade. Only the tree for the highly variable NSP4 showed a different branching; 
however, with very low bootstrap support. Comparison of partial nucleotide sequences of other RVK strains from 
common shrews of different regions in Germany indicated a high degree of sequence variability (61–97% 
identity) within the putative species. These RVK strains clustered separately from RVC genotype reference strains 
in phylogenetic trees indicating diversification of RVK independent from RVC. The results indicate that RVK 
represents a novel rotavirus species, which is most closely related to RVC.   

1. Introduction 

Rotaviruses are a major cause of diarrhea in humans and animals. 
Especially young individuals are affected, in which life-threatening se-
vere diseases can occur. For humans, 128,500 deaths were estimated 
due to rotavirus infection worldwide for 2016 (Troeger et al., 2018). 
Rotavirus-induced disease is also very common in domestic animals 
(Otto et al., 2012, 2015). In addition, rotavirus infections have been 
identified in several wild animals (Althof et al., 2023; Simsek et al., 
2021). Although distinct rotavirus types are commonly found in specific 
hosts, zoonotic transmission of rotaviruses between different animal 
species and between animals and humans have been repeatedly 
described (Martella et al., 2010; Díaz Alarcón et al., 2022). 

The genome of rotaviruses consists of 11 segments of double- 
stranded RNA, which each encodes one of the structural proteins VP1- 
VP4, VP6-VP7, or the non-structural proteins NSP1-NSP5. The non- 
enveloped virus particle consists of VP2 forming the inner core, VP6 
forming the intermediate shell, and VP4 and VP7 representing the outer 
capsid proteins. VP1 and VP3 as well as NSP1-NSP5 are involved in viral 
genome replication and interact with cellular proteins to enable virus 

propagation (Crawford et al., 2017). 
Rotaviruses are grouped into the genus Rotavirus within the family 

Sedoreoviridae (Matthijnssens et al., 2022). The genus contains several 
rotavirus species, which are defined as “…unable to reassort their 
genome segments under normal circumstances, and each species may 
therefore represent a separate gene pool” (Matthijnssens et al., 2021). 
For demarcation of different rotavirus species, a cut-off value of 53% 
amino acid sequence identity for the VP6 was established (Matthijns-
sens et al., 2012). Until now, the species rotavirus A-D (RVA-RVD) and 
F-J (RVF-RVJ) have been designated by the International Committee on 
Taxonomy of Viruses (ICTV, 2020). Of these, RVA generally has the 
highest clinical importance in humans and several mammal species 
(Crawford et al., 2017). However, RVC is increasingly considered an 
important pathogen for domestic pigs (Theuns et al., 2016), as well as 
RVD for chicken (Otto et al., 2012). 

Phylogenetically, the rotavirus species cluster into two major clades 
reflecting their evolutionary relationship. The RVA-like clade comprises 
RVA, RVC, RVD and RVF, whereas the RVB-like clade contains RVB and 
RVG-RVJ (Kindler et al., 2013; Johne et al., 2022). This phylogenetic 
relationship is also reflected by structural and functional differences 
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between the viral proteins of the different clades as previously demon-
strated for VP1 (Ogden et al., 2012). Furthermore, differences in the 
highly conserved terminal nucleotide sequences of the genome segments 
are evident between the representatives of the different clades. Whereas 
all rotaviruses show similar sequences at the 5′-termini, specific se-
quences are present at the 3′-termini of the RVA-like and RVB-like 
clades. The only exception is RVC, which uses a unique sequence at its 
3′-termini (Matthijnssens et al., 2021). 

In addition to the established rotavirus species, the tentative species 
rotavirus K (RVK) and L (RVL) have been identified in 2019 in common 
shrews (Sorex araneus) in Germany (Johne et al., 2019). For RVL, a 
complete genome sequence of a reference strain has been recently 
determined, which confirms its classification as a separate species and 
its affiliation to RVB-like clade (Johne et al., 2022). However, for RVK 
only short sequence fragments were available so far thus preventing 
analysis of its distinct phylogenetic relationship and final classification. 

Here we describe the sequence analysis of complete coding regions of 
an RVK strain from a common shrew in Germany. Analysis of the 
deduced amino acid sequence of VP6 confirms the classification of this 
rotavirus into a separate species RVK. Sequence identity analyses and 
phylogenetic trees indicate that RVK has the closest relationship to RVC 
within the RVA-like clade. Analyses of partial sequences of other RVK 
strains assess the sequence variation within RVK, which points to 
diversification of this rotavirus species in common shrews. 

2. Material & methods 

2.1. Samples 

The investigated common shrew samples originated from a collec-
tion of 73 wild animals from different regions of Germany trapped be-
tween 2004 and 2016. Details of trapping and dissection of the animals 
have been described recently (Johne et al., 2019; Falkenhagen et al., 
2022); additional 10 samples collected between 2012 and 2016 as 
bycatches within a small mammal monitoring program in different re-
gions in Germany (Thuringia, Lower Saxony and Bavaria) were also 
included. Intestinal contents of the animals were diluted 1:10 in 
phosphate-buffered saline (PBS) and stored at − 20◦C. Thereafter, 
nucleic acids were isolated using the NucliSense platform on an E-MAG 
device (BioMerieux, Marcy I’Etoile, France), and subsequently stored at 
− 80◦C. 

2.2. RVK detection by reverse transcription-polymerase chain reaction 
(RT-PCR) 

Based on an alignment of available sequence fragments of RVK, a 
primer pair was designed for RT-PCR, targeting a region within the VP1 
gene. Briefly, primers RVK-VP1s (5′-TAC ACT GMG ACT ATT YCC ACT 
ACA-3′) and RVK-VP1as (5′- ACR ACT GAW GTC TGT GAT TCT CC-3′) 
were used for amplification with the OneStep RT-PCR kit (Qiagen, Hil-
den, Germany). The cycling conditions were 42◦C for 30min and 95◦C 
for 15min followed by 40 cycles each including 95◦C for 30s, 56◦C for 
30s and 74◦C for 40s, with a final incubation at 74◦C for 5min. RT-PCR 
products were separated on ethidium bromide-stained agarose gels and 
selected products were purified with the Monarch DNA Gel Extraction 
Kit (New England BioLabs, Ipswich, MA, USA). Thereafter, they were 
subjected to Sanger sequencing by a commercial company (Eurofins, 
Ebersberg, Germany) using the same primers, which were used for RT- 
PCR. 

2.3. Next generation sequencing (NGS) and data analysis 

For sample KS14–0241 a library was previously generated with the 
KAPA RNA HyperPrep Kit (Roche Diagnostics, Mannheim, Germany) 
and the KAPA Unique Dual-Indexed Adapter Kit for Illumina® platforms 
(Roche Diagnostics) (Johne et al., 2022). This previously generated and 

sequenced library was re-sequenced with 2×300 cycles on the MiSeq 
(Illumina, San Diego, CA, USA) as a single sample using the MiSeq Re-
agent Kit v3 (600) (Illumina) to increase sequencing depth and read 
length. 

The generated raw sequences were trimmed using the fastp module 
(Chen et al., 2018) of the AQUAMIS pipeline (Deneke et al., 2021). 
Remaining reads were subjected to assembly using SKESA (Souvorov 
et al., 2018). All resulting contigs were screened for sequence similar-
ities with rotavirus sequences using BLASTX (Altschul et al., 1997) 
against all rotavirus sequences available from the NCBI protein database 
(https://www.ncbi.nlm.nih.gov/protein/, accessed on 20 October 
2021). 

2.4. Conventional RT-PCR and rapid amplification of cDNA ends 

Sequences of two gaps in the contigs of the VP2- and VP3-encoding 
sequences were generated by RT-PCR with specific primers delineated 
from the contig sequences, and determined by Sanger sequencing as 
described above. For sequencing of missing 5′- and 3′-termini of the 
genome segments, rapid amplification of cDNA ends (RACE) protocols 
were applied. Primer sequences for RACE were delineated from the NGS- 
derived contig sequences. First, the 5′ RACE-System (Invitrogen GmbH, 
Karlsruhe, Germany) was used. If no RACE product could be amplified 
by this kit, the 5′/3′ RACE Kit (Roche Diagnostics) was applied. Both kits 
were used according to the manufacturer’s instructions. Products were 
separated on ethidium-bromide-stained agarose gels, purified with the 
Monarch DNA Gel Extraction Kit (New England BioLabs) and subjected 
to Sanger sequencing by a commercial company (Eurofins) using the 
RACE primers. 

2.5. Sequence analysis 

Contigs and sequences obtained from NGS and Sanger sequencing, 
respectively, were manually edited, assembled, translated into amino 
acid sequences and used for concatenation of sequences using the Seq-
Builder Pro 17 module of the DNASTAR software (Lasergene, Madison, 
WI, USA). The final sequences determined for the 11 genome segments 
of strain RVK/shrew-wt/GER/KS14–0241/2013 and partial sequences 
of other RVK strains were deposited at GenBank database with the 
accession numbers OQ934016 - OQ934035. Alignments and calcula-
tions of sequence distances were performed using the ClustalW method 
with the MegAlign Pro 17 module of the DNASTAR software (Laser-
gene). The GenBank accession numbers of the reference strains for 
rotavirus species used in alignments are listed in Supplementary Data 
S1. Phylogenetic analyses were performed with MEGA X version 10.1.7 
(Kumar et al., 2018). Sequences were aligned using ClustalW, and 
phylogenetic trees for amino acid sequences of each protein and the 
concatenated proteins were constructed by the Maximum Likelihood 
method with parameters: 1000 bootstrap replications, 
Jones-Taylor-Thornton method, uniform rates among sites, all sites 
used. For nucleotide sequences, phylogenetic trees were constructed by 
the Maximum Likelihood method with parameters: 1000 bootstrap 
replications, Tamura-Nei model, uniform rates among sites, all sites 
used. 

3. Results 

3.1. Screening for RVK and selection of a strain for NGS 

Screening of 73 intestinal contents of common shrews from different 
regions in Germany using an RVK-VP1-specific RT-PCR identified RVK 
in eight (11%) of the samples. Sequencing of the PCR product by the 
Sanger method was successful for six of these samples, which confirmed 
the presence of RVK due to the highest sequence identities to RVK se-
quences by Nucleotide BLAST search (sequence analysis is presented in 
chapter 3.6). Out of these, samples KS/11/2281, KS/12/0644 and 
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KS14–0241 showed the strongest bands in the RVK-VP1-specific RT-PCR 
and the best quality of Sanger sequencing results. Of note, next gener-
ation sequencing data were already available for these three samples 
(Johne et al., 2019, 2022), by which RVA and RVK were originally 
identified in sample KS/11/2281, and RVL in samples KS/12/0644 and 
KS14–0241. A new analysis of these NGS data identified RVK-specific 
sequences in all of the three samples. Whereas these sequences were 
only fragmentary for samples KS/11/2281 and KS/12/0644, 
RVK-specific sequences with identities to all 11 rotavirus genome seg-
ments were identified in sample KS14–0241. However, even in the 
sequence data from this sample, only partial open reading frame se-
quences could be delineated. Therefore, the sample was selected for 
further NGS investigation with more sequencing depth and increased 
read length. Sample KS14–0241 originated from a female common 
shrew with a body weight of 6g, which was trapped near Stuttgart, 
southwest Germany, in June 2013, and the complete rotavirus strain 
designation is RVK/shrew-wt/GER/KS14–0241/2013. 

3.2. Genome sequencing by NGS 

NGS of sample KS14–0241 resulted in the generation of 49,112,464 
paired reads, which resulted in a final set of 44,441,942 paired reads 
after trimming. By assembly, 26,135 contigs were generated, out of 
which 31 contigs with similarities to sequences of different rotavirus 
species were extracted via a BLASTX search. From these, 13 contigs 
showing the highest sequence similarities to RVK or RVC sequences 
available at NCBI Protein database were manually selected using 
BLASTX search. These contigs had a mean read coverage between 11x 
and 1,391x (average: 368x), and represented most parts of all eleven 
genome segments of RVK. Missing parts in the central region of the VP2- 
and VP3-encoding genome segments were amplified by RT-PCR using 
specific primers, and sequences were subsequently determined by the 
Sanger method. In addition, all 5′- and 3′-terminal sequences of the 
genome segments including parts of some open reading frames were 
missing. For amplification of the genome segment termini, RACE pro-
tocols were applied, leading to the completion of all open reading frames 
and extension into the non-coding sequence regions for most segments. 
However, the complete sequences of the non-coding segment termini 
could not be determined for all segments (see chapter 3.4). 

3.3. Coding capacity of RVK and sequence identities with other 
rotaviruses 

The RVK genome detected in sample KS14–0241 has 11 ORFs 
encoding the structural proteins VP1-VP4, VP6-VP7 and the non- 
structural proteins NSP1-NSP5. As shown in Table 1, the lengths of 
the corresponding amino acid sequences are in the range of that of other 
rotaviruses; only NSP4 with a length of 234 amino acid residues is 
slightly longer than that of the other rotaviruses (128–219 amino acid 

residues). Alignments of the amino acid sequences of all 11 proteins of 
rotavirus species reference strains and RVK are presented in Supple-
mentary Data S2. The NSP4 alignment shows that an N-terminal 
extension and a short central insertion are responsible for the increased 
length of RVK-NSP4. The amino acid sequence identities of the RVK 
proteins and the other rotavirus species proteins are between 2% and 
63%, with the lowest for NSP4 and the highest for VP2 (Table 2). 
Generally, RVK proteins show the highest amino acid sequence identi-
ties to RVC. Only NSP4 shows the highest identity to RVH; however, 
with only 13% identity. The highest amino acid sequence identity of VP6 
is 51% with the RVC reference strain, which is below the cut-off value of 
53% used for definition of rotavirus species. 

3.4. Analysis of non-coding regions 

The determined sequences of the non-coding regions of RVK are 
shown in Table 3. Usually, rotaviruses have conserved sequences at the 
5′- and 3′-termini of all of their genome segments. It is evident from 
Table 3 that those conserved sequences could not be identified in the 
determined RVK genome segment sequences, suggesting that these se-
quences are incomplete. For the 5′-termini of the VP1- and VP7-encoding 
segments, similar sequences like those present in RVA, RVC and all other 
rotaviruses are evident (shown in bold face in Table 3); this might 
indicate, that the 5′-termini for these segments are complete. In contrast, 
no identity with terminal sequences of RVA, RVC or other rotaviruses 
could be identified for the 3′-ends. 

Table 1 
Amino acid  sequence lengths of encoded proteins of rotavirus K strain RVK/shrew-wt/GER/KS14–0241/2013 (RVK, marked in bold face) compared to that of other 
rotavirus species reference strains.  

Protein  Number of amino acid residues in proteins 
RVA RVB RVC RVD RVF RVG RVH RVI RVJ RVK RVL 

VP1 1088 1160 1090 1080 1086 1160 1167 1162 1168 1086 1168 
VP2 881 934 884 914 904 991 973 983 986 899 981 
VP3 835 764 693 686 694 768 719 701 715 703 715 
VP4 776 750 744 778 738 772 823 777 826 801 852 
VP6 397 391 395 399 396 391 396 395 395 394 396 
VP7 326 249 332 317 295 247 258 270 245 319 245 
NSP1* 495 321 394 574 547 324 395 390 401 406 326 
NSP2 317 301 312 311 318 282 297 301 299 313 310 
NSP3 315 347 402 371 370 303 262 273 331 405 425 
NSP4 175 219 150 128 169 187 213 219 210 234 204 
NSP5 198 170 212 195 218 181 176 157 165 217 186  

* for RVB, RVG and RVI, which encode two forms of NSP1 (NSP1–1 and NSP1–2), the number of amino acid residues of NSP1–2 is shown. 

Table 2 
Identity of deduced amino acid sequences of RVK strain RVK/shrew-wt/GER/ 
KS14–0241/2013 to the reference strains of the established rotavirus species 
RVA-RVJ and the putative species RVL.   

% amino acid sequence identity Highest amino acid sequence identity 
to 

VP1 21 – 59 RVC 
VP2 11 - 63 RVC 
VP3 11 - 49 RVC 
VP4 9 - 34 RVC 
VP6 9 - 51 RVC 
VP7 11 - 46 RVC 
NSP1 

* 
5 - 21 RVC 

NSP2 11 - 49 RVC 
NSP3 11 - 53 RVC 
NSP4 2 - 13 RVH 
NSP5 5 - 24 RVC  

* for RVB, RVG and RVI, which encode two forms of NSP1 (NSP1–1 and 
NSP1–2), identities with NSP1–2 are shown. 
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3.5. Phylogenetic analysis of deduced amino acid sequences 

The phylogenetic relationship of RVK strain RVK/shrew-wt/GER/ 
KS14–0241/2013 with the reference strains of other rotaviruses species 
was analyzed based on amino acid sequences of the proteins. The 
resulting phylogenetic trees are shown in Fig. 1, indicating that RVK 
generally clusters with RVC. In a larger context, RVK and RVC branch 
together with RVA, RVD and RVF in one clade (RVA-like clade), whereas 
the other rotaviruses form another clade (RVB-like clade). The branch-
ing is only different for NSP4, where RVK branches together with RVA, 
RVD, RVF and RVI, but RVC clusters within the RVB-like clade. How-
ever, bootstrap support is very low for this tree. An additional tree based 
on the concatenated amino acid sequences of all encoded proteins of 
rotavirus species reference strains confirms the grouping of RVK into the 
RVA-like clade and its closest relationship with RVC (Fig. 2). 

3.6. Analysis of sequence variability between different RVK strains 

Additional partial RVK-specific sequences were available from the 
NGS data of two other common shrew samples (KS/11/2281 and KS/12/ 
0644) and from the RVK-specific PCR-product for VP1 of three addi-
tional samples. The nucleotide sequence identities between the corre-
sponding regions of these samples ranged from 61% to 97%, indicating 
high sequence variability between different RVK strains. The distinct 
identity range for each segment fragment is shown in Supplementary 
Data S3. Phylogenetic trees based on these nucleotide sequence frag-
ments, which are shown exemplarily for the VP1- and VP6-encoding 
fragments in Fig. 3, confirm the diversity within the putative RVK spe-
cies. In these trees, sequences of genotype reference strains for RVC 
(Wang et al., 2021) have also been included. It is evident from the trees 
that RVC and RVK sequences cluster in well-separated branches, which 
contain each a variety of sub-branches reflecting the variability within 
each virus species. 

4. Discussion 

Rotaviruses display a high degree of genetic heterogeneity, which is 
reflected by the definition of the nine species RVA-RVD and RVF-RVJ 
(ICTV 2020), and the tentative species RVK and RVL (Johne et al., 
2019). Recently, genome sequence identities have mostly been used for 
distinction of different virus species, and a sequence identity cut-off of 
53% for the deduced amino acid sequence of VP6 has been established 
for rotavirus species definition (Matthijnssens et al., 2012). Here, we 
generated the first nearly complete genome sequence of an RVK strain, 
which could be used for its further characterization and classification. 
Based on its VP6 sequence, the highest amino acid sequence identity to 
other rotavirus species is 51% with RVC, which is below the cut-off value 
of 53%. Therefore, the classification of RVK as a separate rotavirus 
species is confirmed based on this criterion. 

By comparison to the amino acid sequences of other rotavirus pro-
teins, the highest sequence identities of RVK were generally with RVC. 
Also, in phylogenetic trees, RVK amino acid sequences generally clus-
tered together with RVC sequences, indicating a close phylogenetic 
relationship of both viruses. RVC has been frequently detected in 
diseased humans (Zhao et al., 2022), but it is increasingly identified as 
an important pathogen in pigs (Theuns et al., 2016) and with lower 
detection rates also in other animal species (Otto et al., 2015). The 
relationship of RVK with RVC was evident for all virus proteins, with the 
exception of NSP4, which showed very low sequence identities and a 
different branching in phylogenetic trees. However, NSP4 sequences are 
known to be highly variable between different rotavirus species (Johne 
et al., 2022), and the low bootstrap support in the respective phyloge-
netic tree reflects the difficulties in reconstruction of phylogenetic 
relationship for this protein. Despite the high amino acid sequence di-
versity, it has been shown that NSP4 of RVA and RVC are able to exert 
similar functions as an enterotoxin (Sasaki et al., 2001). 

In a broader evolutionary view, the rotaviruses can be separated into 
the two major phylogenetic RVA- and RVB-like clades (Kindler et al., 
2013; Johne et al., 2022). Based on our phylogenetic trees, RVK can be 
classified into the RVA-like clade. Beside the phylogenetic clustering, 

Table 3 
Determined sequences for the non-coding regions of the RVK strain RVK/shrew-wt/GER/KS14–0241/2013 genome segments and comparison with terminal consensus 
sequences of RVA and RVC. The sequences of strands of positive polarity are shown in 5′− 3′ direction. The nucleotides of RVK identical to the 5′-terminal consensus 
sequences of RVA and RVC are marked in bold face.  

Rotavirus species / encoded gene 5‘-Terminus 3‘-Terminus 

RVK   
VP1 GGCAAAUUAAGUACUGAGCAG UAAAGAGCU 
VP2 CGCGAACGUUGGUCUGGGUGACA UAAGCUGAUUUAACAUUCCAG 
VP3 CCUGUAGUACUUGUUGUAGUCUCGCC 

UCGCAAGGAGUUGGAGCU 
UAGCACUGCCUAGCCUAACCGCGCUCUGUGGC 

VP4 GCACCACU UAGUGGUCG 
VP6 CUCAAG UAGUGAGACCACGAUGUACAAAGUUGUGGUUAA 

CAGAGCACUAGACAGCAUGUUUCGUACAGCCAA 
UCAUACCAGGGUAACCGGGCAGCACGGAAUGG 
GAGAACCAACCGCCGGCCAACCUGGAGCACUA 
UGAGUAACUGGC 

VP7 GGCUUUUUAAAGGAUCGGUGAUUUCCG 
AUAGGAGUCCCAUCACGCAGUGUGAAGG 

UAAUCCGAAGGACACCUUGAUGGGGUAACUC 
UGAC 

NSP1 GAAAGGGAUCAAGGAAGAGACCAUC UGACUUCCUCCCCCCUGACGUUA 
CCGCAAUGACGCAGCAAUCGCAAUG 

NSP2 UCCGUCCCAGUCUGAUCAACUGGCGCC UAAUCACUUAGACAGGAG 
NSP3 GUCAAGAGGCAAA UAAUACUAAUUGAUAUGCCACCUGGAGAAAAUA 

GUUACAAGUAGAUAGAUUUUGACGUGGAAAAU 
CUUAACACAAUGCGUGCAGACUGGAUGCCGGGU 
CACUGUACCCUCAGCCCUUGAAAACUGGAUUGU 
GGCGAUCCACGCAAUUGUGA 

NSP4 GUUCGAGGAAGGAGGAGGCU UAAUGUAAUAUAAUUCUAGGUGACC 
NSP5 GCGGUG UAGAUGUGCUGCCAGUCUAU 

UUUCCAUGGUGACAUGAGUUAG 
CGUCGAUGGGUGAC 

RVA (consensus) GGC(A/U)7 UGUGACC 
RVC (consensus) GGC(A/U)7 UGUGGCU  
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Fig. 1. Phylogenetic relationship of RVK proteins VP1-VP4, VP6-VP7 and NSP1-NSP5 with that of other rotavirus species. The complete deduced amino acid se-
quences of the encoded proteins of RVK strain RVK/shrew-wt/GER/KS14–0241/2013 were compared with those of reference strains of the other rotavirus species (as 
specified in Supplementary Data S1) by the Maximum Likelihood method using MEGA X. RVK is marked in red and bootstrap values > 50% are shown. Scaled in 
amino acid substitutions per site. Rotavirus species belonging to the evolutionary RVA-like clade are shaded in orange, whereas those of the RVB-like clade are 
shaded in blue. For RVB, RVG and RVI, which encode two forms of NSP1 (NSP1–1 and NSP1–2), only NSP1–2 was used in the NSP1 tree. 
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both clades exert different structural properties and distinct mechanisms 
of RNA recognition as demonstrated by sequence analyses of VP1 
(Ogden et al., 2012). These findings indicate that both clades separated 
early during evolution of rotaviruses, leading to two largely different 
groups of rotavirus species at present. 

The analysis of the non-coding regions of the RVK genome was 
hampered by the incompleteness of the generated sequence data. Dif-
ficulties in sequencing of 5′- and 3′-termini of segmented RNA virus 
genomes are not uncommon, especially if only low virus genome 
amounts are present in the sample (Misu et al., 2023). From the 
generated data, the 5′-termini of the VP1 and VP7 genes seem to be 

complete, showing the consensus sequence GGC(A/U)7, which is com-
mon to RVA and RVC and similar to that found also in all other rotavirus 
species. However, no consensus sequence was identified in the gener-
ated sequences for the 3′-termini, most likely due to missing terminal 
sequences. RVA and most other representatives of RVA-like clade show 
the 3′-terminal sequence UGUGACC, but RVC has the sequence 
UGUGGCU (Johne et al., 2022). None of these terminal consensus se-
quences are completely found in the RVK sequence data determined in 
our study. As RVK clusters in the RVA-like clade, but is most closely 
related to RVC, it would be interesting to identify the complete 3′-ter-
minal sequences in future studies. 

As more RVK-positive common shrew samples were identified in our 
sample collection, an initial analysis of RVK diversity could be done 
here. By this, a considerable sequence variability was identified. This 
argues against a single spillover event from another host, but indicates 
diversification of RVK within common shrews. For the closest relative of 
RVK, which is RVC, a similar high genetic diversity of strains has been 
recently identified (Wang et al., 2021), which is also reflected by our 
phylogenetic analysis of partial nucleotide sequences. However, despite 
the close relationship of RVK and RVC, strains of RVK branch separately 
from those of RVC indicating a distinct evolutionary history of both virus 

Fig. 2. Phylogenetic relationship of rotavirus species based on the concate-
nated amino acid sequences of VP1-VP4, VP6-VP7 and NSP1-NSP5. The 
concatenated amino acid sequences of proteins of RVK strain RVK/shrew-wt/ 
GER/KS14–0241/2013 were compared with that of reference strains of the 
other rotavirus species (as specified in Supplementary Data S1) by the 
Maximum Likelihood method using MEGA X, and a radiated tree was con-
structed. Bootstrap values > 50% are shown. Scaled in amino acid substitutions 
per site. Rotavirus species belonging to the evolutionary RVA-like clade are 
shaded in orange, whereas those of the RVB-like clade are shaded in blue. 

Fig. 3. Phylogenetic relationship of different RVK strains and RVC genotype 
reference strains. Overlapping partial nucleotide sequences (174 nucleotides for 
VP1, above, and 153 nucleotides for VP6, below) were compared by the 
Maximum Likelihood method using MEGA X. The virus species (RVK or RVC), 
genotype (for RVC only) and the GenBank accession numbers are shown at the 
branches. Bootstrap values > 50% are shown. Scaled in nucleotide substitutions 
per site. 
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species. 
In our sample collection, only low amounts of the RVK genome were 

detected in the samples. This finding is similar to that described for RVI 
in cats and dogs, which mostly occurs in low amounts (Mihalov-Kovács 
et al., 2015). Despite these low amounts, an association of RVI infections 
with diarrhea has been recently described (Phan et al., 2017). In addi-
tion, we found that those samples showing the highest RVK genome 
amounts were also co-infected with other rotaviruses, e.g. sample 
KS/11/2281 with RVA and samples KS/12/0644 and KS14–0241 with 
RVL. Co-infections are not uncommon for rotaviruses and have been 
frequently described (Otto et al., 2012, 2015). Future studies should 
clarify the effect of co-infections on RVK replication and vice versa, and 
more generally the clinical significance of RVK infections. 

5. Conclusions 

The nearly complete genome of an RVK strain was generated here, 
which confirms its classification as a separate rotavirus species. RVK is 
most closely related to RVC and both virus species cluster within the 
phylogenetic RVA-like clade of rotaviruses. The non-coding genome 
segment termini of the RVK genome could not be completely sequenced 
so far, but should be analyzed in future to identify the conserved ter-
minal sequences usually present in each rotavirus species. A consider-
able sequence variation was found between different RVK strains, which 
indicates diversification of this rotavirus species within common shrews 
as a host species for RVK. Further studies are needed to elucidate the 
pathogenicity, host specificity and the zoonotic potential of this novel 
rotavirus species in future. 
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