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Genetic characterization of a human cerebrospinal fluid West Nile virus isolate from Beaumont, Texas,
revealed several nucleotide changes and amino acid substitutions that differentiated it from all other North
American strains isolated to date, suggesting that isolates from the Texas Gulf Coast may form a unique
genetic group among North American strains.

West Nile virus (WNV) was first described in a febrile pa-
tient in the West Nile district of Uganda in 1937 (10) and
arrived in the western hemisphere in New York in 1999 (7).
Subsequently, WNV has spread across the United States, in-
cluding to Texas in 2002 (2). WNV has been transmitted to
humans by transplacental, transfusion, or mosquito routes (9).
If symptomatic, patients may present with various signs and
symptoms, including fever, headache, nuchal rigidity, weak-
ness, and myalgia (1, 3, 8). More recently, presentations have
included acute flaccid paralysis, extrapyramidal symptoms, and
rhabdomyolysis (3, 7).

The genome of WNV is approximately 11,000 nucleotides in
length, depending on the strain, with three structural genes
(capsid [C], membrane [prM-M], and envelope [E]) and seven
nonstructural genes (NS1, NS2A, NS2B, NS3, NS4A, NS4B,
and NS5) (6). Phylogenetically, WNV is divided into two major
lineages. Lineage I predominates in North America, Asia, Eu-
rope, the Middle East, and northern Africa. Lineage II is
found primarily in Africa (7).

An isolate of WNV was obtained from the cerebrospinal
fluid (CSF) of a University of Texas Medical Branch patient
from Beaumont, Texas (Jefferson County), admitted in August
2002, who exhibited fever, rigors, mild memory deficits, and
progressive difficulty maintaining his airway at the time of
lumbar puncture (11). This isolate was passaged once in Vero
cells. A sample from a mosquito pool from Orange County,
Texas, adjacent to Jefferson County and also near the Gulf of
Mexico, was also obtained, (4) and both were sequenced. Re-
verse transcription-PCRs were performed with a TITAN One
Tube RT-PCR kit (Roche) or by using two steps involving
Moloney murine leukemia virus or avian myeloblastosis virus
reverse transcriptase to generate double-stranded DNA, which
was subsequently amplified by PCR using Taq polymerase
(Roche). Primers used to generate PCR fragments were de-
signed by using the prototypical New York 1999 strain (7).
Samples of cDNA were separated by 1.2% agarose gel elec-
trophoresis, excised, purified by a QIAquick gel extraction kit

(QIAGEN), and directly sequenced with an Applied Biosys-
tems 377A automated sequencer at the University of Texas
Medical Branch Protein Core Facility. The direct sequencing
utilized the same primers used to generate PCR fragments as
well as using sequencing primers, when needed, to sequence
long PCR fragments. Whole-genome sequences were aligned
using Vector NTI Suite software (version 8.0; Informax, Inc.),
which utilizes the ClustalW algorithm. Phylogenetic trees were
constructed using maximum parsimony and neighbor-joining
methods with PAUP version 4.04a (Sinauer Associates, Suth-
erland, Mass.).

The genome of WNV strain Beaumont was 11,029 nucleo-
tides in length. There were 30 nucleotide differences (0.27%)
between the Beaumont strain and the prototypical New York
1999 strain 382-99 (NY99) (7). In contrast, there were 44
nucleotide differences (0.40%) between the Beaumont strain
and the 2001 human isolate from New York (AF 533540) (5).
Although most changes were noncoding mutations, there were
five coding mutations (18.5% of total mutations) compared to
the sequence of NY 382-99 and seven coding mutations (16.7%
of total mutations) compared to the sequence of the human
New York isolate from 2001 (5). Comparison of the Beaumont
strain and the New York isolates, however, showed that nu-
cleotide differences were clustered in NS2A, NS2B, and E
protein genes as well as in the 3� noncoding region (3�NCR)
(data not shown). Significantly, several of these nucleotide
differences were unique to the Beaumont strain among all
published full-length West Nile genome sequences, including
Kunjin and the prototypical lineage II strain Uganda 1937. The
overall nucleotide identity was �99.6% among published
North American isolates.

Comparison of the polyproteins of Jefferson County and
other North American strains revealed that the Beaumont
strain had five amino acid substitutions that were unique
among all published lineage I virus isolates (E-76, NS1-94,
NS2A-138, NS4B-173, and NS5-526) (Table 1). Four out of
those five (all except NS1-94) were unique among all available
WNV full-length virus sequences (Table 1). Of note, the same
amino acid substitutions were found in an isolate (the Orange
County strain) from a mosquito pool from Orange County,
Texas, which is near Beaumont. As with the nucleotide differ-
ences, the amino acid substitutions were distributed through-
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out the genome, with one each located in the E, NS1, NS2A,
NS4B, and NS5 proteins. Additionally, there were two unique
nucleotide changes among all full-length sequences of WNV in
the 3�NCR of the Beaumont strain (nucleotides 3�NCR 10494
and 10768) (Table 1). We do not believe that the unique nu-
cleotide and amino acid differences of the human and mos-
quito isolates are due to mixed populations, as it is very un-
likely that the human CSF isolate is a mixed population and
there was no evidence that the mosquito isolate was a mixed
population based on plaque morphology or analysis of the
nucleotide sequencing chromatograms.

Complete genomic nucleotide sequences of WNV from re-
cent outbreaks in Italy, Romania, Israel, and Russia, as well as
all published North American sequences and Kunjin and
Ugandan strains were used to generate phylogenetic trees by
using PAUP version 4.04b with maximum parsimony and
neighbor-joining methods. Although bootstrap values signifi-
cantly differentiated the Italian, Romanian, Israeli, and Rus-
sian strains from the North American strains, bootstrap values
did not show significant divergence of the Beaumont strain
from the other North American strains (Fig. 1). Nonetheless,

FIG. 1. Phylogenetic tree of nucleotide sequence alignment of
WNVs, including the human isolate Beaumont strain. Nucleotide se-
quences are full-length genomes, approximately 11,000 nucleotides.
The phylogram was constructed by using maximum parsimony and
heuristic methods, with bootstrap values shown at nodes. The follow-
ing full-length genome sequences were obtained from GenBank for
comparison, with accession numbers in parentheses: Egypt 1951 hu-
man (Eg 101) (AF260968), Italy 1998-equine (AF404757), Volgograd
1999 human brain isolate (AF317203), Volgograd 1999 human brain
isolate (AY277252), Volgograd 2000 human blood isolate (AY278442),
Caucasus 1998 mosquito isolate (AY277251), Astrakhan 1999 human
isolate (AY278441), Israel 1998-Stork (AF481864), Uganda 1937 hu-
man isolate (M12294), Kunjin (D00246), CN 1999-MQ 2741 (AF206518),
RO97-50 mosquito isolate from Romania (AF260969), New York 382-
99 Flamingo isolate (AF196835), New York human isolate 2001
(AF533540), Maryland 2000-Crow 265 (AF 404753), New York 2000-
Crow 3356 (AF404756), New York 2000-Grouse 3282 (AF404755),
New York 1999-equine (AF260967), New York human isolate 1999
(AF202541), New Jersey 2000-MQ5488 mosquito isolate (AF404754),
and Kenya 1998 mosquito isolate (AY262283).
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the presence of unique nucleotide changes and amino acid
substitutions suggest that the Texas Gulf Coast isolates de-
scribed here are distinct from the other North American iso-
lates. In the phylogram generated by the neighbor-joining
method (data not shown), the Beaumont isolate groups with
Israel 1998, an antecedent to the New York isolates of 1999.

Overall, genetic analysis based on complete genome se-
quences of WNV isolated from the CSF of a patient from
Beaumont, in Jefferson County, Texas, and a mosquito isolate
from Orange County, Texas, revealed that these strains were
the most divergent of all the North American strains examined
to date, with up to 0.40% nucleotide divergence from the
sequence of the recently reported 2001 human isolate from
New York (5). The unique amino acid substitutions shared by
the human and mosquito isolates, from the southeastern coast
of the Texas Gulf of Mexico, suggest that there are probably no
human-specific molecular determinants of WNV infection and
that strains associated with encephalitis in humans to date are
probably not unique genetic variants. There are many possible
explanations for the unique mutations in the Texas Gulf Coast
strains, but these are too speculative without additional data
beyond the genetic characterization reported here. Clearly,
additional studies are required to understand the evolution
and virulence of WNV in North America.

Nucleotide sequence accession number. The genome of
WNV strain Beaumont has been deposited in GenBank under
accession no. AY289214.
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