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Whole-genome sequencing of SARS-CoV-2 from the initial cases 
of domestic cat infections in Canada
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ABSTRACT Two cat nasal swabs from Canada’s earliest confirmed SARS-CoV-2 positive 
domestic cats were sequenced to over 99% SARS-CoV-2 genome coverage. One cat had 
lineage A.23.1 SARS-CoV-2 not reported before in animals. Both sequences have multiple 
spike gene mutations and clustered closely with human-derived sequences in the global 
SARS-CoV-2 phylogenetic tree.
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S evere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (genus Betacoronavi­
rus, family Coronaviridae), the causative agent of the COVID-19 pandemic, had a 

profound impact on public health. Natural and experimental infections confirmed the 
susceptibility of 29 species, including free-living, domestic, captive, and farmed animals 
(1–6). Natural infections have been reported in nine feline species, including domestic 
cat (Felis catus), tiger (Panthera tigris), lynx (Lynx lynx and L. canadensis), and lion (P. leo) 
(6–8). Furthermore, animal-to-human transmission of SARS-CoV-2 has been reported for 
hamsters, mink, cats, and white-tailed deer (3, 8–10). Characterization of SARS-CoV-2 in 
animals improves our understanding of potential intermediate hosts.

From October 2020 to April 2021, the Animal Health Laboratory, University of Guelph, 
sent 11 samples (oral, nasal, and rectal swabs) from four cats to the National Centre 
for Foreign Animal Disease for confirmatory testing. RNA was extracted from the swab 
samples using the MagMax CORE Nucleic Acid Purification Kit (ThermoFisher Scientific), 
and qRT-PCR targeting the E (3) and RdRp genes [Forward primer-GTGAAATGGTCATGTGT
GGCGG, Reverse primer- CAAATGTTAAAAACACTATTAGCATA and probe-FAM/BHQ-1-CAG
GTGGAACCTCATCAGGAGATGC) of SARS-CoV-2 was performed (unpublished)].

The qRT-PCR-positive samples (n = 9, Ct values 26–36) were amplified using a 
1,200 bp tiled PCR amplicon protocol (11). Amplicons for four samples, including sample 
NCFAD-2020-0085 (0085; sampled in November 2020), were sequenced on a FLO-
MIN106 flow cell with a GridION sequencer following library preparation with the Native 
barcoding (EXP-NBD104) and Ligation sequencing (SQK-LSK109) kits (Oxford Nanopore 
Technologies) (12). SPRI beads were used for the selection of >1,200 bp fragmented 
DNA. Basecalling, barcode demultiplexing, adapter trimming, and read quality control 
were performed with Guppy (v4.0.11) using the high-accuracy model. 1.6M reads were 
generated and the estimated N50 was 1.24 kb. Error correction was not performed 
since a high allele fraction threshold of 75% was selected for calling high-confidence 
variants from read alignments. Amplicons for the other five samples, including sample 
WIN-AH-2021-OTH-Kari-0029-OS-1 (0029) from Ontario, were sequenced on an Illumina 
MiSeq after processing with the Nextera XT DNA kit, producing 150 bp paired-end reads. 
Nanopore and Illumina sequencing reads were analyzed with the Nextflow (v23.10.0) 
(13) pipelines, CFIA-NCFAD/nf-virontus (v2.0.0dev1) (14), and nf-core/viralrecon (v2.6.0) 
(15, 16), respectively, using SARS-CoV-2 Wuhan-Hu-1 reference sequence (MN908947.3). 
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Nextclade was used to find mutations from the consensus sequence. Over 99% of the 
genomes were recovered from 0029 and 0085, with 2543.7X and 14,164X depth of 
coverage, respectively (Fig 1).

FIG 1 (A) A barplot of the sequencing coverage depth across the SARS-CoV-2 genome of the lineage A.23.1 sequence recovered from a Canadian cat (sample 

WIN-AH-2021-OTH-Kari-0029-OS-1) generated using wgscovplot (https://github.com/nhhaidee/wgscovplot). The x-axis shows the SARS-CoV2 genome position, 

and the y-axis shows genome coverage depth. At the bottom, the whole genome of the SARS-CoV2 reference strain, including gene features, is attached. 

(B) A maximum-likelihood phylogenetic tree using the whole genome of lineage A.23.1 SARS-CoV-2 sequence from a Canadian cat (sample WIN-AH-2021-OTH-

Kari-0029-OS-1; denoted as 0029 in the tree) along with 25 most closely related lineage A.23.1 sequences from GISAID (20) as identified by UShER phylogenetic 

placement analysis (2023-12-07) which are collected from different geographic regions but at the similar time. Sequence alignment was performed using MAFFT 

(v7.511) under the default settings (Method- FFT-NS-2) (21), and the maximum-likelihood phylogenetic tree was inferred using IQ-TREE (v1.6.12) with the K3Pu 

+ F model (determined by IQ-TREE’s ModelFinder) and 1,000 ultra-fast bootstraps (22–24). SARS-CoV-2 Wuhan-Hu-1 reference sequence (MN908947.3) has been 

used as the outgroup.
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Pangolin (v4.2) (17) classified sample 0085 as lineage B.1.2 and 0029as lineage 
A.23.1. The A.23.1 lineage was first reported in Uganda in late 2020 (18) but has never 
been reported in animals (GISAID and SARS-ANI VIS database search on 2024-01-24) 
26 synonymous and non-synonymous mutations were present in 0029, whereas 22 
mutations were identified in 0085 (Table 1). Phylogenetic placement analysis with UShER 
(19) using 16,490,767 SARS-CoV-2 sequences from GISAID, GenBank, COG-UK, and CNCB 
(2023-12-05) revealed that the human-derived SARS-CoV-2 sequence Canada/2021/
EPI_ISL_1742841 (lineage A.23.1; Fig. 1) was the most closely related to 0029 while USA/
2020/MZ908099.1 (lineage B.1.2) was the most closely related human derived sequence 
to 0085. Default parameters were used for all data analysis software.
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TABLE 1 The non-synonymous mutations observed in cat-derived SARS-CoV-2 sequences WIN-AH-2021-
OTH-Kari-0029-OS-1 and NCFAD-2020-0085 relative to the Wuhan-Hu-1 reference sequence (MN908947.3)

Sample Gene Nucleotide mutation Amino acid mutation

WIN-AH-2021-OTH-Kari-0029-OS-1 ORF1ab G1820A G519S
(29,655 nucleotides) (38% GC 

content)
ORF1ab C10038T T3258I

ORF1ab G10540A M3425I
ORF1ab G11230T M3655I
ORF1ab G11266T L3667F
ORF1ab G11521T M3752I
ORF1ab C16575T T5437I
ORF1ab C17745T T5827I
ORF1ab A18102G H5946R
S G21777A G72E
S G21867T R102I
S C22033A F157L
S G22661T V367F
S G23401T Q613H
S C23604G P681R
ORF8 T28144C L84S
N G28307A A12T
N G28878A S202N

NCFAD-2020-0085 ORF1a C1059T T265I
(29,786 nucleotides) (38% GC 

content)
ORF1a G8083A M2606I

ORF1a C10319T L3352F
ORF1b C14407T P314S
ORF1b C14408T P314L
ORF1b A18424G N1653D
ORF1b C21304T R2613C
S A23403G D614G
S G23593T Q677H
ORF3a G25563T Q57H
ORF3a G25907T G172V
M G26775T A85S
ORF8 C27964T S24L
N C28472T P67S
N C28869T P199L
N G29402T D377Y
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DATA AVAILABILITY

These two cat SARS-CoV-2 genomes (WIN-AH-2021-OTH-Kari-0029-OS-1 and 
NCFAD-2020-0085) were deposited in the GenBank (accession numbers: OR999078.1 
and OR999071.1). The accession numbers for the Illumina MiSeq and Oxford Nano­
pore GridION sequencing raw reads in the NCBI Sequence Read Archive (SRA) 
are PRJNA1055551 (BioProject), SRR27318679 (SRA), and SAMN39052760 (BioSam­
ple) for WIN-AH-2021-OTH-Kari-0029-OS-1 sample and PRJNA1055563 (BioProject), 
SRR27319240 (SRA), and SAMN39053918 (BioSample) for NCFAD-2020-0085 sample.
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