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ABSTRACT Here, we report the genome of bovine viral diarrhea virus 1 (BVDV-1)
contaminating a continuous fetal bovine kidney cell line. The cell line (LFBK-aVb6) is
used for the rapid isolation and serotyping of foot-and-mouth disease virus (FMDV).
The sequence contains the full polyprotein-coding sequence and partial untranslated
regions (UTRs).

An immortalized line of fetal bovine kidney cells (LFBK-aVb6) (1, 2) which was engi-
neered to express the bovine integrins that serve as receptors for foot-and-mouth

disease virus (FMDV) has been utilized extensively because of its enhanced sensitivity
for virus isolation (VI) of FMDV. Bovine viral diarrhea virus 1 (BVDV-1) was inadvertently
found as a contaminant of the LFBK-aVb6 cell line (3) during virus isolation and next-
generation sequencing of FMDV samples. BVDV-1 (Pestivirus, Flaviviridae) is an envel-
oped, positive-sense, single-stranded RNA virus with a 12.3-kb genome. BVDV-1 causes
a highly infectious disease with major economic losses to the cattle industry world-
wide. The virus exists in cytopathic (cp) and noncytopathic (ncp) biotypes, designated
by its biological activity in cultured cells (4). Several cell lines have been reported to be
persistently infected with ncpBVDV (5–8).

A total of 152 individual clinical samples collected from field FMDV-infected animals
in Vietnam and India as well as from experimentally FMDV-infected cattle in our labora-
tory were subjected to virus isolation (VI) utilizing LFBK-aVb6 cells. All 152 VI-superna-
tant RNAs were deep-sequenced as previously described, with uninfected LFBK-aVb6

cells used for RNA extraction control (9, 10). Briefly, RNA was extracted using the
MagMAX total RNA isolation kit, and host DNA was depleted using the DNA-free
DNase kit (Ambion). RNA underwent first-strand synthesis using the Superscript II first-
strand synthesis system (Invitrogen) coupled with random primers and two FMDV-
specific primers (11). Double-stranded cDNA was generated using the NEBNext Ultra
nondirectional RNA second-strand synthesis module and sequenced as previously
described (10) using the Nextera XT kit on a NextSeq 500 platform with 150-cycle
paired-end reads. There were 4,978,000 total reads and an average read length of
138.2 nt. All analyses were performed in CLC Genomics Workbench v21.0. Paired reads
were quality trimmed using default parameters. Trimmed reads were de novo
assembled, and a BLASTn search of the resulting contigs revealed the presence of
BVDV in all 152 samples as well as in uninfected cells. Reads were then mapped to the
nearest full-length genome, BVDV strain Oregon C24V (GenBank accession number
AF091605) to obtain the near-full-length coding sequence of BVDV-1. Nucleotide con-
sensus sequences were extracted using default parameters and a threshold of 50. All
nucleotide sequences were .99% identical, and sequences were most similar (93.2%
pairwise identity) to the published BVDV strain Oregon C24V (GenBank number
AF091605). One representative sequence, designated ncpBVDV LFBK-aVb6 [PI], was
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chosen based on highest overall read coverage with 28,433 total mapped reads and a
minimum coverage of 166 reads and maximum coverage of 575 reads per site.

The 12,166-nucleotide (nt) nearly complete genome contains an 11,697-nt open read-
ing frame (ORF) (nt 362 to nt 12055) flanked by a 361-nt 59 untranslated region (UTR) and
a 108-nt 39 UTR. The ncpBVDV LFBK-aVb6 [PI] strain had 93.4% to 93.0% identity with five
strains of BVDV-1a (GenBank accession numbers HQ174292.1, JN380080.1, HQ174293.1,
MK509773.1, and MH490942.1) and 84.1% to 80.4% identity with 28 strains of BVDV-1b at
the whole-genome level. The closest homology was with an isolate from a persistently
infected calf in Alabama (HQ174292) (12). Partial sequences of BVDV with homology to this
isolate have previously been identified in 5 experiments in our laboratory using the LFBK-
aVb6 cell line.

Characterization of the adventitious BVDV-1 in LFBK-aVb6 cells is important for con-
tinued use and contaminant cleanup of this cell line. The genome reported here will
enable distinguishing the adventitious BVDV strain from field strains in VI samples.

Data availability. The genome nucleotide sequence has been deposited in
GenBank under accession number MZ442301. The raw sequence data are available in
the NCBI Sequence Read Archive under SRA accession number SRX11379699.
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