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ABSTRACT Nearly complete genomes of 49 novel foot-and-mouth disease virus (FMDV)
SAT1 strains acquired from oropharyngeal fluid samples from asymptomatic African Cape
buffalo in Kenya in 2016 were determined. Sequences were from primary passage or pla-
que-purified dually SAT1/SAT2-infected samples. These sequences are important for eluci-
dation of the molecular epidemiology of persistent and subclinical FMDV infections.

Foot-and-mouth disease virus (FMDV) is a pervasive viral pathogen that causes foot-
and-mouth disease (FMD), an economically impactful disease of domestic and wild

even-toed ungulates. The classic form of infection manifests with vesicular lesions on
nonhaired epithelium, particularly the feet and mouth of affected animals (1). However,
two distinct forms of subclinical infection (neoteric and persistent) are important aspects
of FMD epidemiology and control (2, 3). FMDV (Picornaviridae, Apthovirus) strains are
grouped into seven serotypes (Asia1, A, C, O, and SAT1 to SAT3) distinguished by the
VP1 gene sequence, which can be further divided into topotypes (4). The viruses
described here were acquired through a study designed to characterize the diversity of
subclinical infections through active surveillance (5).

Oropharygeal fluid (OPF) samples were collected from Cape buffalo in Kenya in
2016 and were sent to the Foreign Animal Disease Research Unit (FADRU), Plum Island
Animal Disease Center, for characterization. At the FADRU, raw samples were passaged
once on LFBK-aVb6 cells and confirmed to be FMDV positive by real-time reverse tran-
scription-PCR (6, 7). Following confirmation, isolates were either sequenced directly or
subjected to plaque purification (8, 9). Briefly, for plaque purification, 6-well plates of
cells were inoculated with OPF for 1 h, the inoculum was removed, plates were incu-
bated for 24 h and overlaid with agar, and plaques were extracted for sequencing.
Total RNA was extracted from the samples (MagMax total RNA isolation kit), cDNA was
generated randomly (SuperScript II [Invitrogen] followed by the NEBNext Ultra nondir-
ectional RNA second-strand synthesis module), and a library was prepared (Nextera XT
kit; Illumina) and sequenced on a NextSeq system using paired-end 300-bp sequenc-
ing. Raw reads were trimmed for quality and mapped to the reference SAT1/TAN/22/
2012 strain (GenBank accession number KM268899), and consensus sequences (.50%
of reads) were extracted from the mapped reads (Table 1). All analyses were completed
in CLC Genomics Workbench v11.0 using default parameters.

A total of 21 consensus genomes were obtained from the primary passaged sam-
ples. Five buffalo (animals 6, 36, 51, 59, and 61) were found to be coinfected with SAT1
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and SAT2 serotypes (5), and their OPF samples were further subjected to plaque purifi-
cation. A total of 28 plaque-derived genomes were acquired from the five coinfected
samples, with a range of 0 to 12 SAT1 plaque sequences obtained per sample. All
genomes encoded the complete polyprotein of SAT1, topotype I lineage viruses with
variable 59 and 39 untranslated regions (UTRs) included; the polyprotein open reading
frame (ORF) was 7,029 to 7,037 nucleotides (nt) (Table 1).The primary passage consen-
sus sequences were 91.2% to 99.6% identical to the reference sequence and 90.4% to

TABLE 1 Overview of sequencing quality metrics for FMDV passage and plaque genomes

Genome GC content (%)
Avg
coverage (×)

No. of trimmed
reads

Avg read
length (nt)

Genome
length (nt)

GenBank
accession no.

SRA
accession no.

Passage genomes
5/Kenya/8Jan2016/SAT1 53.8 8,368.0 486,766 145.5 7,020 OM562542 SAMN27478367
6/Kenya/8Jan2016/SAT1a 53.6 5,261.5 321,068 140.2 7,023 OM562543 SAMN27478368
7/Kenya/8Jan2016/SAT1 53.7 10,121.0 674,762 126.6 7,021 OM562545 SAMN27478369
8/Kenya/8Jan2016/SAT1 53.6 7,883.9 459,635 145.7 7,021 OM562546 SAMN27478370
10/Kenya/8Jan2016/SAT1 53.5 6,659.2 382,148 146.6 7,021 OM562547 SAMN27478371
25/Kenya/11Jan2016/SAT1 53.5 3,496.6 198,553 147.3 7,020 OM562555 SAMN27478372
26/Kenya/11Jan2016/SAT1 53.8 6,113.5 352,790 145.9 7,020 OM562556 SAMN27478373
27/Kenya/11Jan2016/SAT1 53.6 4,368.6 252,199 146.4 7,021 OM562557 SAMN27478374
28/Kenya/11Jan2016/SAT1 53.9 6,762.4 389,857 146.3 7,020 OM562558 SAMN27478375
31/Kenya/11Jan2016/SAT1 53.9 6,095.7 356,079 145.5 7,020 OM562559 SAMN27478376
32/Kenya/11Jan2016/SAT1 53.7 7,005.4 409,045 144.5 7,020 OM562560 SAMN27478377
36/Kenya/12Jan2016/SAT1a 54.2 3,894.2 233,199 141.8 7,026 OM562563 SAMN27478378
37/Kenya/12Jan2016/SAT1 53.7 3,540.9 205,740 145.7 7,020 OM562565 SAMN27478379
38/Kenya/12Jan2016/SAT1 54.1 5,456.5 319,934 144.9 7,020 OM562566 SAMN27478380
48/Kenya/12Jan2016/SAT1 53.7 6,958.6 404,104 145.9 7,020 OM562571 SAMN27478381
51/Kenya/12Jan2016/SAT1a 53.8 4,760.5 277,783 145.6 7,020 OM562573 SAMN27478382
55/Kenya/12Jan2016/SAT1 54.0 6,899.8 417,216 142.2 7,020 OM562576 SAMN27478383
59/Kenya/12Jan2016/SAT1a 53.8 1,999.4 122,477 141.6 7,020 OM562579 SAMN27478384
61/Kenya/13Jan2016/SAT1a 53.7 4,246.9 299,125 123.2 7,023 OM562582 SAMN27480586
72/Kenya/13Jan2016/SAT1 53.8 3,794.3 225,089 144.0 7,020 OM562590 SAMN27480587
73/Kenya/13Jan2016/SAT1 54.2 2,921.0 176,004 142.1 7,020 OM562591 SAMN27480588

Plaque genomes
6/Kenya/8Jan2016/11/SAT1 53.7 1,564.6 89,681 146.3 7,020 OM562514 SAMN27480589
6/Kenya/8Jan2016/13/SAT1 53.7 1,716.3 100,960 143.4 7,020 OM562515 SAMN27480590
6/Kenya/8Jan2016/14/SAT1 53.7 1,027.9 62,626 138.8 7,020 OM562516 SAMN27480591
6/Kenya/8Jan2016/16/SAT1 53.7 1,572.8 91,363 143.9 7,020 OM562517 SAMN27480592
6/Kenya/8Jan2016/17/SAT1 53.7 3,106.9 182,446 142.3 7,020 OM562518 SAMN27480593
6/Kenya/8Jan2016/18/SAT1 53.6 1,836.3 106,682 143.8 7,020 OM562519 SAMN27480594
6/Kenya/8Jan2016/2/SAT1 53.7 1,378.1 79,267 145.6 7,020 OM562520 SAMN27480595
6/Kenya/8Jan2016/21/SAT1 53.6 2,235.2 133,752 140.2 7,020 OM562521 SAMN27480596
6/Kenya/8Jan2016/23/SAT1 53.7 1,501.0 87,216 144.2 7,020 OM562522 SAMN27480597
6/Kenya/8Jan2016/4/SAT1 53.7 352.6 20,592 143.1 7,020 OM562523 SAMN27480598
6/Kenya/8Jan2016/6/SAT1 53.7 2,655.8 154,451 143.9 7,020 OM562524 SAMN27480599
6/Kenya/8Jan2016/8/SAT1 53.6 1,225.2 70,861 144.9 7,020 OM562525 SAMN27480600
36/Kenya/12Jan2016/1/SAT1 54.3 572.4 33,694 142.1 7,020 OM562535 SAMN27480782
36/Kenya/12Jan2016/15/SAT1 54.3 2,325.4 138,019 141.4 7,020 OM562536 SAMN27480783
36/Kenya/12Jan2016/2/SAT1 54.3 526.3 31,344 140.7 7,020 OM562537 SAMN27480784
36/Kenya/12Jan2016/20/SAT1 54.3 2,989.4 171,519 145.6 7,020 OM562538 SAMN27480785
36/Kenya/12Jan2016/3/SAT1 54.3 830.4 50,055 138.9 7,020 OM562539 SAMN27480786
36/Kenya/12Jan2016/4/SAT1 54.3 516.8 30,564 142.1 7,020 OM562540 SAMN27480787
36/Kenya/12Jan2016/5/SAT1 54.3 461.7 27,870 138.6 7,020 OM562541 SAMN27480788
51/Kenya/12Jan2016/23/SAT1 53.9 1,995.9 114,307 146.3 7,020 OM562526 SAMN27480789
51/Kenya/12Jan2016/3/SAT1 53.8 2,213.2 129,104 143.5 7,020 OM562527 SAMN27480790
51/Kenya/12Jan2016/5/SAT1 53.8 416.8 25,309 138.4 7,020 OM562528 SAMN27480791
51/Kenya/12Jan2016/14/SAT1 53.8 295.4 17,216 144.5 7,020 OM562529 SAMN27480792
51/Kenya/12Jan2016/15/SAT1 53.8 807.6 46,211 147.0 7,020 OM562530 SAMN27480793
51/Kenya/12Jan2016/16/SAT1 53.8 1,621.9 94,360 144.9 7,020 OM562531 SAMN27480794
51/Kenya/12Jan2016/20/SAT1 53.9 2,408.1 142,762 141.5 7,020 OM562532 SAMN27480795
51/Kenya/12Jan2016/10/SAT1 53.9 776.2 46,712 139.2 7,020 OM562533 SAMN27480796
51/Kenya/12Jan2016/9/SAT1 53.8 1,413.9 85,015 139.6 7,020 OM562534 SAMN27480797

a Passage sequence for which the sample was determined to be coinfected and was subsequently plaque purified.
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99.2% identical to each other at the nucleotide level. Sequences from plaque-purified
isolates were 93.7% to 100% identical to each other and 93.9% to 94.3% identical to
the reference sequence. The VP1 coding regions of the primary passaged viruses were
analyzed previously and were most similar to those of SAT1/TAN/22/2012 (the refer-
ence strain used), a topotype I virus collected from a cow in Tanzania in 2012 (5, 10,
11). These nearly complete sequences significantly increase the publicly available SAT1
sequences and provide novel information on the diversity of FMDV in this important
reservoir species. Although there are published descriptions of FMDV evolution during
experimental coinfection (12–14), thorough characterization of viruses isolated from
naturally occurring coinfection has not been reported previously.

Data availability. The consensus genome sequences were deposited in GenBank
under the accession numbers provided in Table 1. This project is referencing the first
version of the sequences. The raw sequence data are available in the NCBI Sequence
Read Archive (SRA) under BioProject accession number PRJNA824785 and the SRA
accession numbers provided in Table 1.
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