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West Nile viral transmission cyclesWest Nile viral transmission cycles

Goose and Stork Goose and Stork 
mortality in mortality in IsraelIsrael

Corvid MortalityCorvid Mortality

Old WorldOld WorldNew WorldNew World

bridge vectorsbridge vectors

maintenance (maintenance (CxCx. spp.) vectors. spp.) vectors

Equine or human cases in Algeria, France, Equine or human cases in Algeria, France, 
Romania, Italy, Czech Rep., Tunisia, Russia, Romania, Italy, Czech Rep., Tunisia, Russia, 
IsraelIsrael

Israeli strain movement to NA in 1999Israeli strain movement to NA in 1999

Equine or human cases throughout North Equine or human cases throughout North 
America (Most of US, Canada, MX, Central America (Most of US, Canada, MX, Central 
America, South America?)America, South America?)



American crow mortality as a sentinel for WN viral activityAmerican crow mortality as a sentinel for WN viral activity



Phylogenetic Relationships among West Nile Phylogenetic Relationships among West Nile 
VirusesViruses

KenyaKenya--9898-- Culex univittatus Culex univittatus 
(V1, BHK1)(V1, BHK1)
New YorkNew York--9999-- American crow American crow 
(V1)(V1)
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South AfricaSouth Africa
Israel 1952Israel 1952

Romania 1996 Romania 1996 
Kenya 1998Kenya 1998
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Viremia and survival data for crows inoculated with WNVsViremia and survival data for crows inoculated with WNVs
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Immunohistochemistry (IHC) positive leukocytesImmunohistochemistry (IHC) positive leukocytes

LiverLiver--NY99NY99LiverLiver--KENKEN

skeletal muscleskeletal muscle--KENKEN skeletal muscleskeletal muscle--KENKEN

skeletal muscleskeletal muscle--NY99NY99

Crows were sacrificed at dpi 
1-5.  Birds were necropsied 
and tissues stored in 10% 
buffered formalin, paraffin 
embedded, sectioned and 
IHC was performed using 
WNV polyclonal antiserum.
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Amino acid differences betweenAmino acid differences between NY99 NY99 andand KENKEN genomesgenomes

In addition to the coding amino acid differences, 22 In addition to the coding amino acid differences, 22 
nucleotide differences were identified in the 3nucleotide differences were identified in the 3’’NCR.  The NCR.  The 
55’’NCR regions from both genomes were identical. NCR regions from both genomes were identical. 

NonNon--conservative substitutionconservative substitution
within the helicase within the helicase 
domain of NS3.domain of NS3.
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Evolutionary relationship Evolutionary relationship 
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Gene regionGene region aa positionaa position NY99NY99 KNKN--38293829

CapsidCapsid 108108 LysLys AsnAsn
CapsidCapsid 113113 ValVal AlaAla

EnvelopeEnvelope 126126 ValVal AlaAla
EnvelopeEnvelope 159159 ValVal IleIle

NS1NS1 7070 AlaAla SerSer
NS2aNS2a 5252 ThrThr AlaAla

NS3NS3 249249 ProPro ThrThr
NS3NS3 356356 ThrThr IleIle

NS4aNS4a 8585 AlaAla ValVal

NS4bNS4b 249249 GluGlu AspAsp

NS2bNS2b 103103 ValVal AlaAla



Generation of recombinant WNVGeneration of recombinant WNV

T7 C prM NS1 3 5E 4a  4b2b2a

In vitroIn vitro transcriptiontranscription

NS1 2a 2b 3 4a  4b 5

C E NS1prM

NgoMIV NgoMIV ligationligation

Plasmid Plasmid DNAsDNAs were ligated at a commonwere ligated at a common
NgoMIVNgoMIV site and ligation product was used site and ligation product was used 
as template for as template for in vitroin vitro transcriptiontranscription
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Generation ofGeneration of chimerachimera
with thewith the structural aa structural aa 
of NY99 does not of NY99 does not 
increase virulence or increase virulence or 
viremia in the KEN viremia in the KEN 
genetic backbone. genetic backbone. 

Role ofRole of structural structural 
amino acid amino acid 
substitutionssubstitutions
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Role of NS3Role of NS3--4b 4b 
substitutionssubstitutions

Generation ofGeneration of chimerachimera
with the NS3with the NS3--4b of 4b of 
NY99 increases NY99 increases 
virulence from 30% to virulence from 30% to 
90% with an increase90% with an increase
in mean viremia of in mean viremia of 
>300>300--fold.fold.
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Role of NS1Role of NS1--2b2b
substitutionssubstitutions

Generation ofGeneration of chimerachimera
with the NS1with the NS1--2b of 2b of 
NY99 increases NY99 increases 
virulence from 30% to virulence from 30% to 
60%60% with an increasewith an increase
in mean viremia of in mean viremia of 
>300>300--fold.fold.
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Reconstitution of the Reconstitution of the 
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2b backbone 2b backbone 
generates a wildgenerates a wild--type type 
virulence and viremia virulence and viremia 
phenotypephenotype
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Insertion of the 249Insertion of the 249--
Pro increases Pro increases 
viremia >1,000viremia >1,000--fold fold 
and increases and increases 
virulence from 30% virulence from 30% 
to 94%. to 94%. 

Role of NS3Role of NS3--249249--
ProPro



Positive correlation between viremia and mortality
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Differential in vitro temperature 
replication
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NS3-249Pro not temperature sensitivity determinant
37C vs 44C vira
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Monolayers of DEF cells were infected at an moi of Monolayers of DEF cells were infected at an moi of 
0.01 of P991, KEN0.01 of P991, KEN--IC and recombinant WNVs.  IC and recombinant WNVs.  
Culture supernatants were sampled at 12 hr timeCulture supernatants were sampled at 12 hr time--
points (12 hpipoints (12 hpi--120 hpi).  Titers120 hpi).  Titers were determined by were determined by 
plaque assay on Vero cells. plaque assay on Vero cells. Viral titers calculated Viral titers calculated 
between culture supernatants drawn from 37between culture supernatants drawn from 37°°C were C were 
compared to those from 44compared to those from 44°°C cultures and are C cultures and are 
represented as GMT log differentials.  represented as GMT log differentials.  

*DEN*DEN--2 (PDK2 (PDK--53) vaccine candidate indicate that53) vaccine candidate indicate that
an NS3an NS3--250 substitution involved in a 250 substitution involved in a tsts
phenotypephenotype

Butrapet, S., C. Y. Huang, D. J. Butrapet, S., C. Y. Huang, D. J. PierroPierro, N. , N. BhamarapravatiBhamarapravati, D. J. , D. J. 
GublerGubler, and R. M. Kinney. 2000. Attenuation markers of a , and R. M. Kinney. 2000. Attenuation markers of a 
candidate dengue type 2 vaccine virus, strain 16681 (PDKcandidate dengue type 2 vaccine virus, strain 16681 (PDK--53), 53), 
are defined by mutations in the 5' are defined by mutations in the 5' noncoding noncoding region and region and 
nonstructural pnonstructural proteins 1 and 3. J Virol 74:3011roteins 1 and 3. J Virol 74:3011--99..



Distribution of West Nile viral NS3 
genotypes

HisHis-- lineage IIlineage II
AlaAla-- KunjinKunjin

ThrThr
ProPro
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EE--159 (I159 (I→→V)V)
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??
++
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EE--126(T126(T→→I)I)
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⊗
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NS3NS3--249249ProPro substitutionsubstitution is involved in the avian virulenceis involved in the avian virulence phenotypephenotype
Synergistic effect of NS1Synergistic effect of NS1--2B mutations? Mechanism? Selection for Virulence?2B mutations? Mechanism? Selection for Virulence?



Genomic sequence of TMGenomic sequence of TM--171 Mex03 isolate171 Mex03 isolate

Isolate from dead raven at Isolate from dead raven at 
wildlife reserve in wildlife reserve in VillahermosaVillahermosa, , 
Tabasco.Tabasco.

RNA and, subsequently, Vero RNA and, subsequently, Vero 
cell passaged virus sent to cell passaged virus sent to 
UTMB.UTMB.

46 nucleotide differences (0.42%) from NY99; 4 amino acid 46 nucleotide differences (0.42%) from NY99; 4 amino acid 
differences:differences:

prM/MprM/M--141141 IleIle ⌫⌫ ThrThr

EE--156 156 SerSer ⌫⌫ Pro* (loss of glycosylation motif)Pro* (loss of glycosylation motif)

NS4BNS4B--245245 IleIle ⌫⌫ Val*Val*

NS5NS5--898898 ThrThr ⌫⌫ Ile*Ile*



Virus StrainVirus Strain SequenceSequence Glycosylation Glycosylation SourceSource LocationLocation Accession Accession 
numbernumber

TWN 301TWN 301 NN--YY--SS YesYes Bird 1461Bird 1461 TexasTexas AY712947AY712947

TWN 571TWN 571 NN--YY--SS YesYes Pigeon 1153Pigeon 1153 TexasTexas AY712945AY712945

TWN 350TWN 350 NN--YY--PP NoNo TM171TM171--
03/Raven03/Raven--

small plaque small plaque 
variantvariant

MexicoMexico AY660002AY660002

TWN 354TWN 354 NN--YY--SS YesYes TM171TM171--
03/Rav03/Ravenen--large large 
plaque variantplaque variant

MexicoMexico AY660002AY660002

Strains used for Avian Virulence TestingStrains used for Avian Virulence Testing



1.7

3.7

5.7

7.7

9.7

1 2 3 4 5 6 7 8

days post-inoculatio
TWN571 TWN350 TWN354 TWN301

0
1
2
3
4
5
6
7
8

1 2 3 4 5 6 7 8 9 10 11 12 13 14

days post inoculatio

TWN 571 TWN 350 TWN 354 TWN 301

Infection of AMCRs withInfection of AMCRs with WNV strains WNV strains 
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Eight AMCRS were inoculatedEight AMCRS were inoculated subcutaneouslysubcutaneously with 1500 PFU with 1500 PFU 
of the respective WNV strains.  of the respective WNV strains.  TWN 350TWN 350, , 354354 (MX) and TWN (MX) and TWN 
301, 571 (TX).301, 571 (TX).



Role of E glycosylation for virulence Role of E glycosylation for virulence 
modulation in AMCR?modulation in AMCR?
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SiteSite--directed Mutagenesis was utilized for the single directed Mutagenesis was utilized for the single 
site ablation of the E glycosylation motif; thesite ablation of the E glycosylation motif; the

resulting virus [Eresulting virus [E--gly(gly(--)])]
was utilized for thewas utilized for the
inoculation ofinoculation of 6 AMCRs. 6 AMCRs. 



ConclusionsConclusions
••Differences in replication of KEN vs NY99 WNVs appearsDifferences in replication of KEN vs NY99 WNVs appears to to 
be the result of alternative viral production in  circulating be the result of alternative viral production in  circulating 
leukocytesleukocytes

••The NS3The NS3--249 helicase mutation is the dominant virulence 249 helicase mutation is the dominant virulence 
determinantdeterminant whichwhich is modulated by NS1is modulated by NS1--2B determinants2B determinants

••AMCR virulence is modulated by peak viremia; the NS3AMCR virulence is modulated by peak viremia; the NS3--249 249 
substitutionsubstitution has been associated with WNV emergence over has been associated with WNV emergence over 
the past 50 years.the past 50 years.

••Some mouse attenuated strains of WNV have reduced Some mouse attenuated strains of WNV have reduced 
virulence potential in AMCRs as well (not a complete virulence potential in AMCRs as well (not a complete 
correlationcorrelation--KEN and gly(KEN and gly(--) viruses)) viruses)
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