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Clinical signs in horsesClinical signs in horses

IncubationIncubation periodperiod:: 33--1515 daysdays

Clinical signs in horsesClinical signs in horses

TheThe infectioninfection isis mostlymostly ((7070%%))
asymptomaticasymptomaticasymptomaticasymptomatic

InIn 2020%% ofof casescases animalsanimals showshow mildmild
clinicalclinical signssigns::

fever,fever, weakness,weakness, ataxia,ataxia, musclemuscle
rigidityrigidityrigidityrigidity

InIn 11 toto 1010%% thethe neurologicalneurological formform
couldcould bebe observedobserved::

When the virus invades the SNC When the virus invades the SNC 
( d ll h b h l( d ll h b h l(medulla, rhombencephalon, (medulla, rhombencephalon, 
mesencephalon, spinal cord) mesencephalon, spinal cord) 



Clinical signs in horsesClinical signs in horsesClinical signs in horsesClinical signs in horses

Animals could recover in 5-15 days

Some animals affected by the nervous
form might die or be euthanisedform might die or be euthanised

Mortality rate: 38% - 57,1%



Clinical signs in horsesClinical signs in horses

MostMost commoncommon neurologicalneurological signssigns observedobserved duringduring thethe 20092009

Clinical signs in horsesClinical signs in horses

gg gg gg
WNDWND ItalianItalian outbreakoutbreak::

musclemuscle fasciculationsfasciculations 6666 6767%%musclemuscle fasciculationsfasciculations 6666..6767%%
ataxia/incoordinationataxia/incoordination 6262..9696%%
limblimb paresisparesis oror paralysisparalysis (particularly(particularly ofof thethe hindhind limbs)limbs) 4444..4444%%
depressiondepression 4848 1515%%depressiondepression 4848..1515%%
disturbeddisturbed proprioceptionproprioception 2525..9393%%
recumbencyrecumbency 2222,,2222%%
ll lili t it i ii ff f i lf i l dd l bi ll bi l ll 1414 8181%%lowerlower liplip ptosisptosis oror paresisparesis ofof facialfacial andand labiallabial musclesmuscles 1414,,8181%%
walkingwalking inin circlescircles 77,,4141%%
blurredblurred visionvision 1111,,1111%%..



Clinical signs in horsesClinical signs in horses

Weakness Weakness 
Altri sintomi Altri sintomi 

Clinical signs in horsesClinical signs in horses

Weakness Weakness 
Altered behaviour Altered behaviour 
Hypertermia Hypertermia 
FasciculationsFasciculations
AnorexiaAnorexia
Cranial nerve altered Cranial nerve altered 
GrindingGrinding



Clinical signs in horsesClinical signs in horses

Other symptoms Other symptoms 

Clinical signs in horsesClinical signs in horses

Altered behaviour: 

minimalminimal oror nono responseresponse totominimalminimal oror nono responseresponse toto
stimulistimuli

LethargiaLethargia



Clinical signs in horsesClinical signs in horses

hyperaesthesiahyperaesthesia,, ataxia,ataxia, lethargialethargia

Clinical signs in horsesClinical signs in horses

ype aest es aype aest es a,, ata a,ata a, et a g aet a g a

HeadHead tremorstremors

FortFort DodgeDodgeFortFort DodgeDodge



Differential diagnosisDifferential diagnosisNervous symtpoms, Nervous symtpoms, 
seasonal incidenceseasonal incidence lab lab 

Protozoan encephalomyielitis 

confirmation is requiredconfirmation is required

p y

Herpes virus encephalitis

Japanese encephalitisJapanese encephalitis

Eastern equine encephalitis

Western equine encephalitisWestern equine encephalitis

Venezuelan equine encephalitis

Dourine
PresencePresence ofof swellingswelling ofof
genitaliagenitalia andand cutaneouscutaneousDourine

Borna Disease

Lameness

genitaliagenitalia andand cutaneouscutaneous
plaquesplaques

Ch iCh i didi ithith llLameness ChronicChronic diseasedisease withwith longlong
incubationincubation periodperiod andand nono
seasonalseasonal incidenceincidence

AnamnesisAnamnesis andand nono nervousnervous
syptomssyptoms



Differential diagnosisDifferential diagnosis
Nervous symptoms, no Nervous symptoms, no 
seasonal incidence but lab seasonal incidence but lab 
confirmation is requiredconfirmation is required

Rabies
Anamnesis, no Anamnesis, no 
seasonal incidenceseasonal incidence

confirmation is requiredconfirmation is required

Tetanus 
Botulism

seasonal incidenceseasonal incidence

Anamnesis,Anamnesis, nono seasonalseasonal
incidenceincidence ClassicalClassical clinicalclinical

Hypocalcemia
Solanaceae intoxication

incidence,incidence, ClassicalClassical clinicalclinical
signssigns characterisedcharacterised byby
spasmsspasms andand stiffnessstiffness

Mycotoxins 

Heavy metal poisoning

Anamnesis,Anamnesis, nono seasonalseasonal
incidence,incidence, classicalclassical clinicalclinical

Anamnesis, no seasonal Anamnesis, no seasonal 
incidence, but lab incidence, but lab 

signssigns characterisedcharacterised byby
flaccidflaccid paralysisparalysis

,,
confirmation is requiredconfirmation is required



Theoretical Depiction of WNV Human Viremia & Immune ResponseTheoretical Depiction of WNV Human Viremia & Immune Response

I M
ELISAELISA
P/NP/N#pfu/ml#pfu/ml

Serology AssaysVirus Assays

IgM P/NP/N#pfu/ml#pfu/ml

250 20

IgGWN
viremia Neutralizing Abviremia Neutralizing Ab
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DAYS POST ONSETDAYS POST ONSET

1    2    3    4    5    6    7    8    9    10-14 to -2         0

DAYS POST ONSETDAYS POST ONSET
CNS illnessCNS illness



Serological and virological response Serological and virological response 
i h f ll i i f ii h f ll i i f iin horses following infectionin horses following infection
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Serological and virological response Serological and virological response 
in horses following infectionin horses following infection

Clinical signsClinical signs

InfectionInfection

in horses following infectionin horses following infection

First evidence of First evidence of 
ll

InfectionInfection

Viraemic phaseViraemic phase

neutralising neutralising 
abtibodiesabtibodies IgM detectionIgM detection

IgG detectionIgG detection

00 11 22 33 44 55 66 77 88 99 1010 1111 1212 1313 1414 1515 1616 1717
Days post infectionDays post infection

ViraemicViraemic phasephase occursoccurs ViraemicViraemic animalsanimals onlyonly rarelyrarely showshowpp

beforebefore clinicalclinical signsign

appearanceappearance

yy yy

clinicalclinical signssigns
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Mediterranean-
K i l tKenian cluster

Israeli-AmericanIsraeli American 
cluster



Cli i l i  i  bi dCli i l i  i  bi dClinical signs in birdsClinical signs in birds

IncubationIncubation periodperiod:: 33--44 daysdays

InIn mostmost casescases thethe infectioninfection doesdoes notnot causecause clnicalclnicalInIn mostmost casescases thethe infectioninfection doesdoes notnot causecause clnicalclnical
signssigns

ClinicalClinical signssigns areare oftenoften associatedassociated toto speciesspecies andand
WNDWND strainsstrains ((19991999 USUS epidemicepidemic:: crows)crows)



Cli i l i  i  bi dCli i l i  i  bi dClinical signs in birdsClinical signs in birds

AffectedAffected birdsbirds maymay::

bebe totallytotally recumbentrecumbent (unable(unable toto stand)stand)bebe totallytotally recumbentrecumbent (unable(unable toto stand)stand)

havehave headhead tremorstremors oror showshow legleg and/orand/or wingwing
paralysisparalysisp yp y

bebe reluctantreluctant oror unableunable toto movemove whenwhen disturbeddisturbed

bebe uncoordinateduncoordinatedbebe uncoordinateduncoordinated

flipflip overover whilewhile attemptingattempting toto standstand



Cli i l i  i  bi dCli i l i  i  bi dClinical signs in birdsClinical signs in birds

Birds tend to show neurologic clinical signs Birds tend to show neurologic clinical signs [depending 
on strains and geographic areas]

Mortality rate: 25% 25% -- 40% (for some authors:6040% (for some authors:60--
100%).100%).

Death occurring within 24 hours from the beginning of 
nervous symptoms
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Testing for West Nile VirusTesting for West Nile Virus

Bird 
Surveillance

Mosquito 
Surveillance

Veterinary 
Diagnostic

Human 
Diagnostic

Test Target  Virus Virus Antibody Antibody

Sample Type Tissues, oral 
swabs

Mosquito pools Serum, CSF Serum, plasma, csf
swabs tissues

Available

Tests

Lin1 & 2 RT‐PCR

TaqMan qRT‐PCR

TaqMan RT‐PCR

RT‐PCR

IgM ELISA

VN

IgM ELISA

IgG ELISATests
RT‐PCR

Isolation in Vero

Isolation in Vero Plaque Reduction

Neutralization

Plaque Reduction

Neutralization

IgA ELISA

IFA

Comments Birds have high 
viremia; 106 ‐109

Mosquito pool 
titers vary; 

Tissues from fatal 
equine cases 

Tissues from fatal 
human cases 

tested by RT‐PCR tested by RT‐PCR.

Plasma/serum/csf 
can be tested by 
NATNAT.



Blood, Serum, Tissues, Insects

Real time RT-PCR (Lanciotti et al., 2000 modified)

NEG POSNEG

VI (V RK C6/36)
STOP

VI (Vero, RK13,C6/36)

Virus Identification (IF 
and RT-PCR) Genome sequencing

23

and RT PCR) q g





Molecular Amplification AssaysMolecular Amplification Assays
RNA extraction from:

serum, csf, tissues, & mosquito pools1. RNA ExtractionRNA Extraction

S d dS d d T MT MStandardStandard
RTRT--PCRPCR

TaqManTaqMan
RTRT--PCRPCR

Lin 1 & 2  Lin 1 & 2  
RTRT--PCRPCR

2. AmplificationAmplification

Agarose gelAgarose gel TaqMan probeTaqMan probe3. DetectionDetection TaqMan probeTaqMan probe



SSerum

IgG  ELISAIgM  ELISA
(equid serum)

POS NEG

(equid serum)

POS NEG
POS NEG

PRNT and VN
(OIE, 2008)

STOP
(O , 008)

WND
Usutu

TBE

26

TBE



Example of assay validationExample of assay validation

Positivi Negativi Totale
Positivi 277 52 329

SN

Negativi 0 118 118
Totale 277 170 447

ELISA



Example of assay validationExample of assay validation

I di V l IC 95%Indice Valore IC 95%
Agreement 0,883668904 85,1-91,0
Sensitivity 1 98,9-100
Specificity 0,694117647 62,1-75,8
Predictive value of positive 0,841945289 79,8-87,7
Predictive value of negative 1 97,5-100
Kappa 0,738



Example of validationExample of validation

Dilution
tq

1:10 pos pos

USUV WNDV
pos pos

1:10
1:20
1:40
1:80

pos pos
pos neg

pos pos
pos pos

1:160
1:320
1:640
1:1280

neg neg
neg neg

pos neg
neg neg

1:1280
1:2560
1:5120
1:10240 neg neg

neg neg
neg neg

neg neg

1:20480
1:40960
1:81920

neg neg
neg neg

neg neg



ConclusionsConclusions

• The low specificity value of the test was a 
consequence of cross reactions with USUTUconsequence of cross reactions with USUTU 
virus antibodies

f h h h ( ) l• Because of the very high PV(‐) it is strongly 
suggested to use the test as a screening test
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