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Full-Genome Sequence of a Neuroinvasive West Nile Virus Lineage 2
Strain from a Fatal Horse Infection in South Africa
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We report here the complete genome sequence of a lineage 2 West Nile virus (WNV) strain that resulted in fatal neurological
disease in a horse in South Africa. Several recent reports exist of neurological disease associated with lineage 2 WNV in humans
and horses in South Africa and Europe; however, there are a lack of sequencing data from recent fatal cases in Southern Africa,
where these strains likely originate. A better understanding of the genetic composition of highly neuroinvasive lineage 2 strains
may facilitate the identification of putative genetic factors associated with increased virulence.
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est Nile virus (WNV) is a mosquito-transmitted flavivirus

(family Flaviviridae) of global concern (1, 2). In humans,
~20% of infections result in WN fever associated with rash, ar-
thralgia, and myalgia, while <1% may develop severe neurologi-
cal disease and death (3). In horses, 20% of WNV cases exhibit
clinical signs; however, ~90% of these cases may develop neuro-
logical disease, with a fatality rate approaching 30% (1). WNV
lineage 2 (L2) viruses are endemic to South Africa and Madagascar
(4, 5) and have emerged in Europe in the past 10 years, causing
outbreaks in humans and horses (6, 7). WNV genome sequencing
has provided insight into possible genetic factors that may differ-
entiate between highly pathogenic and attenuated strains (8, 9).
Previously, we described WNVL2 strains associated with severe
neurological diseases in horses and humans in South Africa (4,
10-13). WNVL2 full-genome sequences from Africa are limited,
with the only currently available sequence originating from a non-
fatal encephalitis, a fatal hepatitis case, and febrile infections in
humans from South Africa (8, 14).

As part of a study investigating WNV as the cause of severe
neurological disease in horses in South Africa, an isolate (HS101/
08) was obtained from a brain tissue sample from a horse that had
died of severe neurological signs in 2008, including seizures and
complete paralysis (4, 12). This study aimed to characterize this
neuroinvasive strain by describing its complete genome sequence
and comparing it to both highly and less neuroinvasive lineage 1
and 2 strains. HS101/08 was isolated on Vero cell monolayers, and
supernatants were harvested after three passages. Viral particles
were concentrated through 0.2-um-pore microfilters (Sigma-
Aldrich) and treated with DNase and RNase. Nucleic acid extrac-
tion was performed with the High Pure viral nucleic acid isolation
kit (Roche Diagnostics, Mannheim, Germany) and the RNA
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minikit (Qiagen, Hilden, Germany). cDNA was synthesized with
the Expand reverse transcriptase kit (Roche Diagnostics). Univer-
sal flavivirus and WNV-specific primers were used to amplify the
complete genome (15). Cycle sequencing was performed with the
ABI BigDye Terminator version 3.1 kit (Applied Biosystems, CA).
Phylogenetic and nucleotide analyses were performed using
BioEdit (version 7.0.5.2) and MEGA version 7 (16, 17).

The HS101/08 genome sequence was 11,042 bp in size and
closely related to neuroinvasive strains SPU116/89 and SA93/01
(accession numbers EF429197 and EF429198) from South Africa
and a subclade of neurovirulent human and horse strains from
Italy and Greece (7, 8). HS101/08 shared 98% nucleotide identity
with SPU116/89 and SA93/01. These two strains are highly neu-
roinvasive in mice (18, 19). An amino acid sequence comparison
between HS101/08 and SA93/01 identified six uncharacterized
substitution mutations predicted to have no effect on the struc-
tural or nonstructural proteins. We verified the presence of a
154N-S156 glycosylation site in the envelope protein sequences of
South African L2 strains (including HS101/08), which were pre-
viously suggested to be associated with increased mouse neuro-
virulence (20). Similarities between the highly neurovirulent
HS101/08 isolate and human isolates from cases of severe disease
confirms that highly pathogenic L2 strains are still circulating in
South Africa. WNV should be considered as a diagnosis in human
and animal neurological cases.

Nucleotide sequence accession number. The accession num-
ber of the complete coding sequence of HS101/08 is JN393308.
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