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We detected bovine kobuvirus (BKV) in calves with diar-
rhea in the United States. The strain identified is related 
genetically to BKVs detected in other countries. Histo-
pathologic findings also confirmed viral infection in 2 BKV 
cases. Our data show BKV is a potential causative agent 
for diarrhea in calves.
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Bovine kobuvirus (BKV; species Aichivirus B, ge-
nus Kobuvirus, family Picornaviridae) was identi-

fied initially as a cytopathic contaminant in a culture 
medium of HeLa cells in Japan in 2003 (1). Since then, 
BKV has been reported in Thailand, Hungary, the 
Netherlands, Korea, Italy, Brazil, China, and Egypt 
(2–9). However, circulation of BKV in North Amer-
ica remains unclear. We report detection of BKV in 
calves in the United States.

In April 2019, a fecal sample from a 10–14-day-old 
calf was submitted to University of Illinois Veterinary 
Diagnostic Laboratory (Urbana, IL, USA) for testing 
for enteric pathogens. Results of tests for rotavirus, 
coronavirus, cryptosporidium, and Escherichia coli 
were positive; results for Salmonella were negative. 

We extracted nucleic acid from the fecal sample 
and conducted a sequence-independent single-prim-
er amplification and library preparation by using 
Nextera XT DNA Library Preparation Kit (Illumina,  
https://www.illumina.com). We conducted sequenc-
ing on a MiSeq (Illumina) using MiSeq Reagent Kit V2 
(Illumina) at 500 cycles, as previously described (10). We 
conducted a taxonomic analysis of raw FASTQ files us-
ing Kraken version 1 and MiniKraken DB (https://ccb. 
jhu.edu/software/kraken), which showed 15,582 ko-
buvirus sequence reads in addition to sequences for 
E. coli, coronavirus, and rotavirus. We assembled the 
complete genome of BKV IL35164 (GenBank acces-
sion no. MN336260) with a genome size of 8,337 nt. 
We used BLAST (https://blast.ncbi.nlm.nih.gov/
Blast.cgi) to search the IL35164 genome and found it is 
closely related to and shares 89%–91% identities with 4 
BKV strains, U-1, EGY-1, SC1, and CHZ. It shares only 
77%–82% identity with sheep and ferret kobuviruses.
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Sequence analysis showed that IL35164 has a 
similar genome organization to other BKVs (Fig-
ure, panel A) and a 7,392-nt open reading frame en-
coding 2,463 amino acids, the same length as U-1, 
EGY-1, and SC1 strains. IL35164 shares polyprotein  
identities with 4 other BKV strains, 88.5%–90.9%  
identity in the nucleotide level and 94.9%–96.7%  
identity in the amino acid level (Appendix Table 1, 
http://wwwnc.cdc.gov/EID/article/26/1/19-1227-
App1.pdf). Comparing individual proteins from 4 
other BKVs, IL35164 shared only 80.9%–86.8% nucle-
otide identity with the leader protein and shares its 
highest identity, 95.5%–98.8%, with the 3B nucleotide 
in those strains (Appendix Table 1). In addition to 3B, 
IL35164 shows higher nucleotide identities, 92.6%–

95.4%, to other BKVs in 3D, encoding a viral RNA-
dependent RNA polymerase.  

Phylogenetic analysis of the complete genome 
confirmed that IL35164 correlates with 4 BKVs in 
the Aichivirus B species cluster (Figure, panel B). On 
the phylogenetic tree of complete VP1 nucleotide se-
quences, IL35164 clusters with 2 BKV strains from 
Brazil, BRA1991 and BRA2016, rather than BKVs 
U-1, EGY-1, SC1, and CHZ (Appendix Figure 1). The 
relatedness of IL35164 to BRA1991 and BRA2016 in 
other parts of the genome is unclear because com-
plete genomes of the strains from Brazil are unavail-
able. IL35164 is related distinctly to U-1, EGY-1, SC1, 
and CHZ on the phylogenetic tree of partial 3D (Ap-
pendix Figure 2).

Figure. Genome organization and phylogenic tree of bovine kobuvirus IL35164 isolated from cattle, United States. A) Genome 
organization with each gene’s initial nucleotide position labeled. The 5′ UTR is located in positions 1–770 and the 3′ UTR is located in 
positions 8160–8337. B) Phylogenetic tree of complete genomes of 3 Aichivirus species, A, B, and C. The dendrogram was constructed 
by using the neighbor-joining method in MEGA version 7.0.26 (http://www.megasoftware.net). Bootstrap resampling of 1,000 replications 
was performed and bootstrap values are indicated for each node. Red square indicates bovine kobuvirus IL35164 identified in this study. 
Scale bar indicates nucleotide substitutions per site. UTR, untranslated region; VP, viral protein.



To further screen BKV in bovine samples, we de-
signed primers and probes (sequences available upon 
request) targeting 3D to test 9 additional intestinal 
samples from necropsied calves. Real-time reverse 
transcription PCR showed 4/9 samples were positive 
for BKV by cycle thresholds of 23.0 (case IL35146), 
29.97 (case IL37122), 32.84 (case IL50179), and 33.61 
(case IL34890) but were negative for coronavirus, ro-
tavirus, and bovine viral diarrhea virus (Appendix 
Table 2). Histopathologic observation of small intes-
tines revealed that 2 cases with diarrhea, IL35146 and 
IL50179, had necrotizing enteritis with villus atrophy 
and fusion, suggesting a primary viral infection (Ap-
pendix Figure 3). Two other calves without clinically 
evident diarrhea died, case IL37122 from jejuno-ileal 
volvulus and case IL34890 from abomasal rupture; 
both also were positive for BKV.

Among 3 BKV-positive calves with diarrhea, 2 
were <1 month of age and 1 was ≈5 months of age. 
Previous studies reported high prevalence of BKV in-
fection in young calves with diarrhea; 20.9% (38/182) 
in calves <2 months of age in Brazil and 26.7% (23/86) 
in calves <1 month of age in South Korea (5,9). Our 
study further supports the hypothesis that BKV 
causes neonatal diarrhea in calves. In addition, BKV 
also can be detected from cattle without diarrhea or 
clinical signs of the virus (1,8).

Since initial identification in 2003 (1), BKV has been 
detected in cattle from several countries, but only from 
fecal samples; no natural or experimental studies have 
reported its pathogenesis. Our histologic examination 
of necropsied cases clearly indicated viral infection, 
and only BKV was detected, suggesting BKV was the 
causative agent for diarrhea. Future studies, includ-
ing virus isolation and virus challenge to calves, are 
needed to determine whether BKV fulfills the Koch’s 
postulates as a causative agent for diarrhea in calves.

The prevalence of BKV in the United States re-
mains unknown. Continued surveillance is urgently 
needed to determine rates and distribution of BKV in 
North America. Although many partial sequences of 
3D and viral protein 1 are available at GenBank, only 
4 complete sequences are available, limiting evalua-
tion of BKV. Whole-genome sequencing of both pre-
viously and newly discovered BKV isolates is needed 
to analyze genetic diversity and evolution.

About the Author
Dr. Wang is a clinical assistant professor in the College 
of Veterinary Medicine at the University of Illinois. His 
research interests focus on diagnosis of viral infectious 
diseases and novel pathogen discovery.

References
  1.	 Yamashita T, Ito M, Kabashima Y, Tsuzuki H, Fujiura A, 

Sakae K. Isolation and characterization of a new species of 
kobuvirus associated with cattle. J Gen Virol. 2003;84:3069–
77. https://doi.org/10.1099/vir.0.19266-0

  2.	 Barry AF, Ribeiro J, Alfieri AF, van der Poel WH, Alfieri AA. 
First detection of kobuvirus in farm animals in Brazil and  
the Netherlands. Infect Genet Evol. 2011;11:1811–4.  
https://doi.org/10.1016/j.meegid.2011.06.020

  3.	 Chang J, Wang Q, Wang F, Jiang Z, Liu Y, Yu L. Prevalence 
and genetic diversity of bovine kobuvirus in China. Arch 
Virol. 2014;159:1505–10. https://doi.org/10.1007/ 
s00705-013-1961-7

  4.	 Di Martino B, Di Profio F, Di Felice E, Ceci C, Pistilli MG, 
Marsilio F. Molecular detection of bovine kobuviruses in 
Italy. Arch Virol. 2012;157:2393–6. https://doi.org/10.1007/
s00705-012-1439-z

  5.	 Jeoung HY, Lim JA, Jeong W, Oem JK, An DJ. Three clusters 
of bovine kobuvirus isolated in Korea, 2008–2010. Virus 
Genes. 2011;42:402–6. https://doi.org/10.1007/s11262-011-
0593-9

  6.	 Khamrin P, Maneekarn N, Peerakome S, Okitsu S,  
Mizuguchi M, Ushijima H. Bovine kobuviruses from  
cattle with diarrhea. Emerg Infect Dis. 2008;14:985–6. 
https://doi.org/10.3201/eid1406.070784

  7.	 Mohamed FF, Mansour SMG, Orabi A, El-Araby IE,  
Ng TFF, Mor SK, et al. Detection and genetic  
characterization of bovine kobuvirus from calves in Egypt. 
Arch Virol. 2018;163:1439–47. https://doi.org/10.1007/
s00705-018-3758-1

  8.	 Reuter G, Egyed L. Bovine kobuvirus in Europe. Emerg 
Infect Dis. 2009;15:822–3. https://doi.org/10.3201/
eid1505.081427

  9.	 Ribeiro J, Lorenzetti E, Alfieri AF, Alfieri AA. Kobuvirus 
(Aichivirus B) infection in Brazilian cattle herds. Vet Res 
Commun. 2014;38:177–82. https://doi.org/10.1007/ 
s11259-014-9600-7

10.	 Wang L, Stuber T, Camp P, Robbe-Austerman S, Zhang Y. 
Whole-genome sequencing of porcine epidemic diarrhea  
virus by Illumina MiSeq Platform. In: Wang L, editor.  
Animal coronaviruses. Totowa (NJ): Humana Press; 2016.  
p. 201–8. 

Address for correspondence: Leyi Wang, University of Illinois 
College of Veterinary Medicine, Department of Veterinary Clinical 
Medicine and the Veterinary Diagnostic Laboratory, 2001 S 
Lincoln Ave, Urbana, IL 61802, USA; email: leyiwang@illinois.edu

178	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 1, January 2020

RESEARCH LETTERS


