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Familie: Flaviviridae

Genus Flavivirus 
Prototyp: YFV 
(≈ 60 Spezies)

Genus Hepacivirus 
Prototyp: HCV 
(2 Spezies)

Genus Pestivirus 
Prototyp: BVDV 
(5 Spezies)



Familie: Flaviviridae
Genus: Flavivirus

Japan. Enzephalitis-Virus (JEV)
West Nil Virus (WNV)
St. Louis Encephalitis-Virus (SLEV)
Dengue Virus Typ 1–4 (DENV)
Gelbfieber-Virus (YFV)
Frühsommermeningoenzephalitis-Virus (FSMEV)



Eigenschaften der Flaviviren

Viruspartikel
Morphologie: sphärisch (icosahedral)
umhüllt: ja
Durchmesser: 45–50 nm 

Genom
Nukleinsäure: einsträngige RNA
Polarität: positiv-strang
Konfiguration: linear
Grösse: 11 kb



West Nil Virus
HR Gelderblom, RKI

(the bar equals 100 nm)



genome length: 11–12 kb
5'- and 3'- ends contain noncoding (NC) regions
10 proteins, 3 structural proteins (C, M, and E), and 7 nonstructural 

proteins (NS1, NS2a, NS2b, NS3, NS4a, NS4b, and NS5)
M protein is synthesized as a precursor (prM) protein. The prM 

protein is processed to pr + M by furin

Genomic structure of flaviviruses



(Source: John Roehrig, Fourth National Conference on West Nile Virus 
in the United States, New Orleans, Louisiana, February 9-11, 2003)



Japanese Encephalitis Antigenic Complex 

Alfuy Virus Australia
Cacipacore Virus Brazil
Japanese Encephalitis Virus Asia
Kokobera Virus Australia/Papua N. Guinea
Koutango Virus Africa
Kunjin Virus Australia
Murray Valley Encephalitis Virus Australia
St. Louis Encephalitis Virus North + South America
Rocio Virus Brazil
Stratford Virus Australia
Usutu Virus Africa (Europe)
West Nile Virus world-wide ?
Yaounde Virus Africa







West Nil Virus
Linie 1
alle Stämme aus Nordafrika, Europa, 
Indien, Israel, USA und 
Kunjin Virus aus Australien

Linie 2
Stämme aus West-, Zentral und Ostafrika 
und Madagascar



West Nil Virus

• Signifikante Unterschiede zwischen Isolaten 
aus verschiedenen Regionen, aber auch 
zwischen Viren einer Region

• Zwei Antigengruppen bei Linie 1:
1. Isolate aus Afrika/Mittlerer Osten (Congo,

Egypten, Frankreich, Israel, Pakistan, Uganda) 
Australien (Kunjin) Russland, Südafrika und 
USA

2. Isolate aus Indien



West Nil Virus

•Unterschiede in der Infektiosität von WNV-
Isolaten für einen Wirt

•Unterschiede zwischen Stämmen in der 
Pathogenität für erwachsene Mäuse

•Änderungen des Virus im Bezug auf Morbidität 
und Mortalität für Vögel?



Klinische Eigenschaften - Milde Infektion

• Mehrzahl der Infektionen verläuft mild 
oder inapparent (= 99%)

• ≈ 20% fieberhafte Erkrankung mit plötzlichem Beginn   
(West Nil Fieber)

Übelkeit Kopfschmerzen
Anorexie Muskelschmerzen
Erbrechen Ausschlag
Lymphadenopathie Augenschmerzen

• Inkubationszeit 3 bis 14 Tage 
• Symptomdauer 3 bis 6 Tage 



Klinische Eigenschaften - Schwere 
Infektion(1)

≈ 1 in 150 Infektionen schwere neurologische Erkrankung

• Risikofaktor: hohes Alter
• Enzephalitis häufiger als Meningitis 

Symptome:
Fieber, Beteiligung des Gastrointestinaltrakts, Schwäche,
Wesensänderungen, 
(Ausschlag Nacken, Rumpf, Arme, Beine)



Klinische Eigenschaften - Schwere 
Infektion(2)

Muskelschwäche und schlaffe Lähmungen 

Neurologische Symptome: 
Ataxie und extrapyramidale Symptome
Optikusneuritis 
Beteiligung der cranialen Nerven
Polyradiculitis
Myelitis

(Myocarditis, Pancreatitis, fulminante Hepatitis)



Robert B. Tesh: Cross Immunity: West Nile vs. St. Louis Encephalitis in Areas of Overlap
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West Nile Virus Transmission Cycle

Birds

Viremia Viremia

Mammalia Mosquitoesa), b)

(dead end) (arthropods)

a) bird–bird-feeding mosquitoes
Culex pipiens pipiens, Culex modestus, Mimoyia richardii

b) bird–mammalia-feeding (humans), Culex pipiens molestus

> 105/ml



West Nile Virus Transmission Cycle

Mosquitoes 
(arthropods)

Pupae Eggsa)

Larvae

temperature
weather

a) ≈ 1% transmission of flavivirus



West Nile Virus in Arthropods (1)

Mosquitoes

Culex spec. (> 18)

Coquillettidia spec. (3)

Mansonia uniformis

Aedes spec. (11)

Anopheles spec. (> 6)

Mimomyia spec. 

Aedeomyia africana

Hubalek and Halouzka, EID 5: 643-650, 1999



West Nile Virus in Arthropods (2)

Soft ticks

Argas hermanni

Ornithodoros capensis

Hard ticks

Hyalomma marginatum detritum

Rhipicephalus turanicus muhsamae

Amblyomma variegatum

Dermacentor marginatus

Hubalek and Halouzka, EID 5: 643-650, 1999



WNV in Europe
Virus isolation from mosquitoes 
and vertebrates (l), confirmed 
human and equine cases (n), 
antibody-positive vertebrates 
(¢ and hatched areas)Hubalek and Halouzka, EID 5: 643-650, 1999



West Nile Virus in Europe (1960–1998)

Human cases Year(s) % seropositive

France (10) 1962 19
1975–80 5
1965 30–50

Romania (453) 1996 17
(94) 1997

Belarus 1997 1
Ukraine 1970s

(38) 1985
Russia    (> 10) 1963–68 7–31

Volgograd (> 900) 1999
Hubalek and Halouzka, EID 5: 643-650, 1999



West Nile Virus in Europe (human)

Country Year(s) % seropositive

Portugal 1967–70 3
Spain 1960/79 17; 8–30 
Italy 1967–69 5–23
Albania 1958 2
Bulgaria 1960–70 3
Hungary 1970s 4–6
Slowakia 1970–1973 1–4
Austria 1964–1977 1–6
Moldavia 1970s 3

Hubalek and Halouzka, EID 5: 643-650, 1999



Robert B. Tesh: Cross Immunity: West Nile vs. St. Louis Encephalitis in Areas of Overlap



138 bird species have been reported 

to CDC's West Nile Virus 

Avian Mortality Database 

from 1999 to November 2003



Spread of WNV by state, 1999–2002. 
WNV activity in the U.S. in Birds, Horses, Mosquitoes, 

Animals, or Humans



Spread of WNV by state, as of March 10, 2004. 
WNV activity in the U.S. in 2003 

in Birds, Horses, Mosquitoes, Animals, or Humans



WNV disease in humans in the US

2000 2001 2002          2003
(March 10, 2004)

WNV infections 21 66 4,156 9,377
meningoencephalitis (2768/30%)
and WN fever (6446/69%)

Deaths 2 9 284           244

In all reported human cases, the median age of infected persons was 55 years (range: 1 month--99 years); for persons 
with WNME, the median age was 59 years (range: 1 month--99 years); and for persons with WNF, the median age was 
48 years (range: 1--93 years). 
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WNV disease in humans in the US in 2003 (I), as of March 10, 2004
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24493772844156Totals 
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WNV disease in humans in the US in 2003 (III), as of March 10, 2004





Dead Birds Submitted for West Nile Virus Diagnosis by 
Health Region Canada as of November 21, 2003 

Dead Birds Submitted for West Nile Virus Diagnosis 
by Health Region Canada as of November 21, 2003 



Human Results: West Nile virus Neurological Syndromes,
West Nile virus Fever and West Nile virus Asymptomatic Infection

Diagnosis by Health Region, Canada as of January 12, 2004

Human Results: WNV Neurological Syndromes, WNV 
Fever and WNF Asymptomatic Infection Diagnosis by 
Health Region, Canada as of January 12, 2004

TRAVEL-RELATED 

Human results 



Human Results by Province 1

WN virus Neurological
Syndromes (WNNS)3

WN virus Fever
(WNF)4

WN virus Asymptomatic
Infection (WNAI)5Province/Territory

Total
Clinical
Cases2 Probable Confirmed Probable Confirmed Probable Confirmed

Total
Death

Nova Scotia (NS) 26 0 16 0 16 0 0 0

New Brunswick (NB) 16 0 0 0 16 0 0 0

Quebec (QC) 17 1 13 0 3 0 0 0

Ontario10 (ON) 897 - - - - - - 28

Manitoba (MB) 141 28 7 78 27 0 1 2

Saskatchewan (SK) 792 0 53 0 729 0 10 69

Alberta11 (AB) 272 0 48 0 221 0 3 0

British Columbia (BC) 206 36 66 36 86 0 0 0

Yukon Territory (YT) 16 0 0 0 16 0 0 0

Canada - Total 1335 32 128 81 991 0 14 10



WNV Infectionen bei Menschen 

und Tieren korreliren mit der 

Mückendichte und deren Aktivität 

(Arthropoden?)  





WNV age-specific prevalence (n=282) in 
horses, Tuscany Region, 1998–1999

Source: Gian Luca Autorino et al., EID 8: 1372-1378 (2002)



Alan Buckley et al., Journal of General Virology (2003), 84 (10): 2807-2817 

WNV antibody-positive birds in UK



West Nil Virus Infectionen in Deutschland

Virus und Antikörper in jungen Störchen aus Deutschland 
in Israel gefunden

Antikörper in erwachsenen Störchen in Deutschland 
(Malkinson and Banet; Kooperation mit Prof. Kaleta, 
Gießen) 
Von 1986 bis 1995 0/48
Von 1997 bis 2000 14/98 (14.3%) 



West-Nil-Virus in Deutschland

Kooperationsprojekt:

Robert Koch-Institut (RKI)

Paul-Ehrlich-Institut (PEI)

Bernhard-Nocht-Institut (BNI)

Finanzierung durch BMGS



West-Nil-Virus in Deutschland

Untersuchungskollektive:

– Blutspender (PEI)
– Zugvögel (RKI)
– Pferde mit ZNS-Störungen (RKI)
– Menschen mit ZNS-Störungen 

unklarer Genese (RKI)



West-Nil-Virus in Deutschland

Untersuchungsmethoden

Inzidenz:
Virusnachweis: Polymerasekettenreaktion (PCR)

Differenzierung von Isolaten
Anzucht

Prävalenz:
Antikörpernachweis: Virusneutralisationstest (NT)

Immunfluoreszenztest
ELISA



West-Nil-Virus in Deutschland

Schematische Darstellung des WNV-Genoms. Angegeben 
sind die Positionen der etablierten RT-TaqMan PCR-Teste.

Structure Proteins Nonstructure Proteins5` 3`

genotype I or genotype IIgenotype I and II

5`UTR / Protein C NS 3

144 bp 100 bp



West-Nil-Virus in Deutschland

TaqMan-PCR: Repräsentative Amplifikationskurve des 5‘ 
UTR/Protein C-Tests, wobei die Sensitivität des 
real-time-Tests angegeben ist (1 x 106 – 10 Kopien/µl)



West-Nil-Virus in Deutschland

WNV-Neutralisationstest; obere Reihe: Storchenprobe ohne WNV-spezifische 
Antikörper; untere Reihe: Storchenprobe mit WNV-spezifischen Antikörpern; 

(von links nach rechts: Storchenplasma [2 mal], Plasmakontrolle ohne Virus)



West-Nil-Virus in Deutschland

Weißstörche (Jungvögel) bei der Blutabnahme



West-Nil-Virus in Deutschland

Vorläufige Ergebnisse des Zugvogelkollektivs

Virusnachweis PCR:
414 Weißstörche (Nestlinge) negativ

Antikörpernachweis (NT):
127 Weißstörche (Nestlinge) 19% positiv



Unterschiede in der Epidemiologie von WNV 
in der „Alten Welt“ und in den Amerikas
„Old World“
• verschidene WNV sind endemisch in Afrika, Asien,

Ozeanien/Australien und Europe
• „natürlich Immunität“ der (Zug)Vögel  (und 

Vertebraten)

Nord- und Südamerika
• ≈ 1999 Einschleppung eines (hochpathogenen) WNV 
• keine Immunität in der Vogelpopulation 
• Ausbreitung von WNV durch Zugvögel in einer 

„naïven“ Vogelpopulation durch den Vektor
Arthropode/Mücke



http://www.cdc.gov/ncidod/dvbid/westnile/resources/wnv-guidelines-apr-2001.pdf



HI antibody responses in Egyptian children 
following recent WN virus infection

1:1601:3201:6404

1:801:801:6401 ½

1:401:801:1603

1:801:801:6402

JEVSLEVWNV

Antigen
Age (yrs.)

Robert B. Tesh: Cross Immunity: West Nile vs. St.Louis Encephalitis in Areas of Overlap
Fourth National Conference on West Nile Virus in the United States
New Orleans, Louisiana, February 9-11, 2003



HI antibody response of persons previously infected 
with SLE virus after receiving YF vaccination
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0 = < 10
Robert B. Tesh: Cross Immunity: West Nile vs. St. Louis Encephalitis in Areas of Overlap
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• There was no evidence of clinical disease

• Mild leukopenia

• Virus capable of replicating (4/4)

• Virus was not isolated from saliva

• Dogs are not likely to be amplifying hosts 







dLogarithm10 mean peak viremia in crows bled every third day after challenge (S.E.). No 
virus was detected in any of the room control birds and a value of 1.7 was assigned to 
birds from which no virus was detected for calculation of mean and S.E. Means followed 
by the same letter are not significantly different at a = 0.05 by student t test.

cPercentage of crows whose serum produced >80% neutralization at 1:20 dilution.

bRoom controls were placebo inoculated and then challenged with diluent.

aIM, intramuscularly. Crows were inoculated IM with 0.5 mg of theDNA vaccine. Oral, 
crows were given 0.5 mg of the DNA vaccine orally. Placebo, crows were inoculated IM 
with 0.5 mg of nonspecific DNA and given 0.5 mg of nonspecific DNA orally.

504.3c (0.3)100010Placebo
505.2c (0.8)8808Oral
1002.9b (0.4)67569IM
100<1.7 (0.0)0010Room control

% survival
Peak 

viremiad% viremic
% 

seropositivecNo. testedTreatmenta,b

Effect of route of administration of a DNA West Nile virus 
vaccine on the protection of fish crows from challenge with 
virulent West Nile virus



bLogarithm mean peak viremia in crows bled every third day after challenge (S.E.). A value of 1.7 
was assigned to birds from which no virus was detected for calculation of mean and S.E.

aIM, intramuscularly. Crows were inoculated IM with 0.5 mg of the DNA vaccine. Oral, crows were 
given 0.5 mg of the DNA vaccine orally. Placebo, crows were inoculated IM with 0.5 mg of 
nonspecific DNA and given 0.5 mg of nonspecific DNA orally.

4.8 (0.4)53.8 (0.4)5Placebo
6.9 (1.0)43.6 (0.7)4Oral

n/a02.9 (0.4)9IM

Peak viremiabNo.ViremiabNo.

DiedSurvived (peak)

Treatmenta

Viremia levels in fish crows that survived or died after 
challenge with virulent West Nile virus


