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West Nile Virus

Family Flaviviridae, Genus Flawwrus
® ssRNA (positive-sense), ~11,000 nucleotides 3

® Human pathogens
=1 Hemorrhagic fevers
01 Encephalitis
01 Febrile illness

® Three phylogenetic clusters
1 No known vector
0 Tick-borne

0 Mosquito-borne

0O Japanese encephalitis serocomplex
0 includes JEV, WNV

0O Other serocomplexes include YFV, DENV
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West Nile virus epidemiology - brief
history

* First isolated in Uganda in 1937

« West Nile virus (WNV), a member of the Japanese encephalitis virus
(JEV) group within the genus Flavivirus, is the most widespread flavivirus,
occurring in Africa, Europe, Asia, Australia & America

« Up to 9 different genetic lineages are known to date, however only
lineage 1 and 2 are known to be pathogenic for humans.
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- Lineage 3* (Rabensburg)
- Lineage 4* (tick isolates)
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Spanish lineage*
| Malaysian lineage*

Sl f
#5E Serological data only

*Putative lineage




Call fusine agen
Cawaars Rice)
DzlCElr Ozt Virus

Seleje il Virus
ENTELHEN VI IS
Czielejaris Gully Virus
lejifzios Virs ‘
lInsus virus
IST2EIUTKEY,

memngoencephalomye h

vetmeduni
vienna

World distribution of flaviviruses
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WNV Neuroinvasive Disease Incidence,
by County, US, 1999
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WNV Neuroinvasive Disease Incidence,
by County, US, 2000
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WNV Neuroinvasive Disease Incidence,
by County, US, 2001
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WNV Neuroinvasive Disease Incidence,
by County, US, 2002
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WNV Neuroinvasive Disease Incidence,
by County, US, 2003
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WNV Neuroinvasive Disease Incidence,
by County, US, 2004
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WNV Neuroinvasive Disease Incidence,
by County, US, 2005
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WNV Neuroinvasive Disease Incidence,
by County, US, 2006
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West Nile Virus in Latin America

st. Petersburg® /.

Gulf|lof Mexico

Yucatan
« Channel

Bahia de
Campeche

Ciudad del
Carmen

SALVADOR

Pacific
Ocean

L. P;Tersen, CcDC

) San Salvador

! Island
\ RAGGED W Mayaguana
pavi 1 (Secting
RANGE Acklins
(THE BAHAMAS) Island
é

2001

Isla de la
Providencia
* (COLOMBIA)

Isla de San Andrés
f . (COLOMBIA)

e vetieiage S S Sl
= ang BRnd. Samana Cay

Willemstad

Atlantic

Netherlands Antilles
Curagao :

Bonaire
3

Puerto
Cabellg

vetmeduni
vienna @

North

Anegada

L P/m”:‘ (UK
o v‘?;)u etn, 4 m'm(m';m tlles)
Mona  Puerto Rico St o Y  ANTIGUA AND
(us) = mgm:'&:‘ %St John's

Plymouth %
Montserrat (U.K.)

Besse-Tee ™ © Marie-Galante
r

DOMINICA',
Roseau

Isla Aves
(VENEZUELA)«

Martinique
CE)

Kingstown '9
ST. VINCENTAND
THE GRENADINES .
5

GRENADA

St. Goom'l"

Isla de . Tobago
Margarita, 2

ofd Pund-Spdnﬂ R

2006 Argentina



vetmeduni
Vienna @

Hungary

2003 encephalitis in
geese + human cases

2004 and 2005
encephalitis in
birds of prey
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Birds of prey,
2004 & 2005

B ITn August 2004, a goshawk
(Accipiter gentilis)
fledgling showed
CNS symptoms and died
in a national park in south-
eastern Hungary (in very close proximity to the
2003 cases in geese)

B Surprisingly, sequencing of the whole genome revealed a
lineage 2 WNV, which was until that restricted to sub-
Saharan Africa, and was never before detected in Europe.
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RESEARCH

Lineage 1 and 2 Strains of
Encephalitic West Nile Virus,
Central Europe

Tamas Bakonyi,*t Eva lvanics,t Karoly Erdélyi,t Krisztina Ursu,; Emoke Ferenczi,§
Herbert Weissenbock,* and Norbert Nowotny*{

Emerging Infectious Diseases = www.cdc.gov/eid = Vol. 12, No. 4, April 2006
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Bird Migration Via the Middle East & Mediterranean
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Proposed Radar Tracking Siles
For Birg Migration & Weather
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Source: Dr. Yossi Leshem
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The Complete Sequence of a West Nile Virus Lineage 2 Vetm,ed{
Strain Detected in a Hyalomma marginatum marginatum =
Tick Collected from a Song Thrush (7Turdus philomelos) in

Eastern Romania in 2013 Revealed Closest Genetic

Relationship to Strain Volgograd 2007

Jolanta Kolodziejek1, Mihai Marinov?, Botond J. Kiss?, Vasile Alexe?, Norbert Nowotny1’3*

1 Viral Zoonoses, Emerging and Vector-Borne Infections Group, Institute of Virology, University of Veterinary Medicine Vienna, Vienna, Austria, 2 Danube Delta National
Institute for Research and Development, Tulcea, Romania, 3 Department of Microbiology and Immunology, College of Medicine and Health Sciences, Sultan Qaboos
University, Muscat, Oman

s7— KF647249, Italy, 2013, human
94EJN858070, Italy, 2011, human

L KF179640, Austria, 2008, bird (Accipiter gentilis)
1 — KC407673, Serbia, 2012, bird (Accipiter gentilis)

KF179639, Greece, 2012, human
91 HQ537483, Greece, 2010, mosquito (Culex pipiens)

KC496016, Serbia, 2010, mosquito (Culex pipiens)
DQ116961, Hungary, 2004, bird (Accipiter gentilis)
JN393308, South Africa, 2008, horse
100 100 EF429197, South Afiica, 1989 human

81D EF429198, South Africa, 2001, human

AY532665, Uganda, 1937, human*

AFC496015, Hungary, 2010, horse Central/Southern European lin. 2 WNV

100 o || DQ318019, Senegal, 1990, mosquito (Mimomyia lascustris)*
941 JX041631, Ukraine, 1980, bird

HM147824, Democratic Republic of Congo, 1958, human*

4 KJ934710, Romania, 2013, tick (Hyalomma marginatum marginatum)
FJ425721, Russia/Volgograd, 2007, human

EF429199, South Africa, 2000, human

EF429200, South Africa, 1958, human

100 DQ318020, Central African Republic, 1982, tick (Amblyomma variegatum)*

100 86 = Eastern European lin. 2 WNV

HM147823, Madagascar, 1988, mosquito (Culex quinquefasciatus)*

' i ol HM147822, South Africa, 1958, bird (Syhietta rufescens)*
“ ¢ u (GQ903680, Cyprus, 1968, bird (Sylva nisoria)*
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WNV cases 2004
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WNV cases 2004-2005- vetmeduni

©12009 EuropaTiechnologiel
© 2009iTele Atlas
@;2'009 ifransnavicom, Ltd
. US{Dept of State Geographe
47°10'14 44" E 19°16'28.18" K. magas|,




vetmeduni
vienna

©:2009 Europa Technologiel |
©, 2009 Tele Atlas
@2009 ifransnavicom, Ltd
US{Dept of State Geographe
47°10'14.44"E . 119°16'28.18" K. magas),




vetmeduni
vienna &

a/-1u 14.38C



WNV cases 2004-2005- -2008- -2010 vetmeduni
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Limited mosquito
surveillance
2008/2009 »

WNV-carrying
mosquitoes have

- been overwintering
in Austria
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Distribution of West Nile virus infections in humans by affected areas in the EU/EEA Member States and EU neighbouring countries m
Transmission season 2018 and previous transmission seasons; latest data updatel3 Dec 2018 gﬁ
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Cases reported in 2017
| Cases reported
- during 2011-2016

[ No reported cases
Not included

N ECDC. Map produced on: 14-12-2018
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West Nile Virus Clinical Syndromes

B Asymptomatic (approx. 75%)

B West Nile fever (approx. 25%)

B Neuroinvasive disease (approx. 1/140)
B Encephalitis

B Meningitis

® Flaccid paralysis

Courtesy L. Petersen, CDC




The Hidden Epidemic vetmeduni
WNV Infections (n=1.4 million), 1999-2006

Not reported

Reported

Fever
13,484

Neuroinvasive,

Non-fatal
8,942

Fever
322,800

Fatal, 962

Courtesy L. Petersen, CDC
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'_@ . PLos ‘ OMNE A Peer-Reviewed, Open Access Journal
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View this Article | Submit to PLOS | Get E-Mail Alerts | Contact Us

PLoS One. 2015; 10(5): e0126381. PMCID: PMC4427133
Published online 2015 May 11. doi: 10.1371/journal pone. 0126381

West Nile Virus Positive Blood Donation and Subsequent Entomological
Investigation, Austria, 2014

Jolanta Kolodziejek,! Bernhard Seidel ? Christof Jungbauer,? Katharina Dimmel,' Michael Kolodziejek," lvo Rudolf *
Zdenek Hubalek * Franz Allerberger,® and Norbert Nowotny'6*
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Kolodziejek et al. Emerging Microbes & Infections (2018)7:25
DOI 10.1035/541426-018-0021-5 Emerging Microbes & Infections

ARTICLE Open Access

Integrated analysis of human-animal-vector
surveillance: West Nile virus infections in
Austria, 2015-2016

Jolanta Kolodziejek', Christof Jungbauer’, Stephan W. Aberle®, Franz Allerberger”, Zoltan Bagd®, Jeremny V. Camp',
Katharina Dimmel', Phebe de Heus®, Michael Kolodziejek', Peter Schiefer”, Bernhard Seidel”, Karin Stiasny® and
Norbert Nowotny'#
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OF MEDICINE AND HEALTH SCIENCES

Usutu virus infections among blood donors, Austria,
July and August 2017 - Raising awareness for diagnostic

challenges

Tamas Bakonyi“*3, Christof Jungbauer3:4, Stephan W. Aberle35, Jolanta Kolodziejek?, Katharina Dimmelt, Karin Stiasnys, Franz

Allerbergere, Norbert Nowotny*3-7

1. Viral Zoonoses, Emerging and Vector-Borne Infections Group, Institute of Virology, University of Veterinary Medicine Vienna,
Vienna, Austria

. Department of Microbiology and Infectious Diseases, University of Veterinary Medicine, Budapest, Hungary

. These authors contributed equally to this article and share first authorship

. Austrian Red Cross, Blood Service for Vienna, Lower Austria and Burgenland, Vienna, Austria

. Center for Virology, Medical University of Vienna, Vienna, Austria
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Late August 2001.:

Mass die-off of blackbirds
(Turdus merula) in Vienna
and surrounding villages
to the north and south

(7 birds examined)

I~ 4 |httpi/www.muehisiegl.at

bei Rififi-Coup
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DIE ERSTE WIENER GRATIS-TAGESZEITUNG

Wien: Virus t¢ tet
tausend Amsein:

T mledmner schlagen Alarm - Bencht Seite 7

GERETTET:
Israeli-Niere fiir
Palastinenserin

Riihrende Hilfe - Seite 2

GEPLUNDERT:
18.000 € Beute

Seite 6

GEPLAUDERT:
Marianne Mendt
im Interview

Seite 13

- auch mit Kinderbetreuung —

Kinder- & Boogiekurse

12, Schonbrunner Str. 249, 815 55 88

IHRE VIER ENKELSONE iy B PriE Clioes =fitefien Montagabend i Londai Totenwache
am Sarg von Queen Mum. Das Begrdbnis wird heute live im TV iibertragen (ORF 2, ab 10.15 Uhr).
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Late August 2001.:

DIE ERSTE WIENER GRATIS-TAGESZEITUN(;
Death of all 5 great gray

odesvirus in
owls (Strix nebulosa)

] |
In the Vienna Zoo 20-000 VO glgtarbe
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kennen. Dass rote Rosen eine Lie-
bmrklarunﬁ sind, weiB Lisi, und 2
freut sich sc, on aufden néachsten
duftenden Strauf von einem Ver- -
ehrer. Um sonst noch allerleiiiber
umen zu erfahren, wird die l:n- -
ge Dame die Tullner Gartenbau-
messe besuchen, dje vom 28. Au-
8ust bis 1. September in derStadt 4
an der Donay fiir alle offen steht, ™
die sich iiber die neuen Trends S8
rund um Blumen, Bliiten und
Strducher informieren wollen,
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Credit: Jean Meyer, Carinthia
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Emergence of Usutu virus,
an African Mosquito-Borne
Flavivirus of the Japanese
Encephalitis Virus Group,
Central Europe

Herbert Weissenbdéck,* Jolanta Kolodziejek,t Angelika Url,* Helga Lussy,t
Barbara Rebel-Bauder,* and Norbert Nowotnytt

During late summer 2001 in Austria, a series of deaths in several species of birds occurred, similar to the
beginning of the West Nile virus (WNV) epidemic in the United States. We necropsied the dead birds and
examined them by various methods; pathologic and immunohistologic investigations suggested a WNV
infection. Subsequently, the virus was isolated, identified, partially sequenced, and subjected to phyloge-
netic analysis. The isolates exhibited 97% identity to Usutu virus (USUV), a mosquito-borne Flavivirus of
the Japanese encephalitis virus group; USUV has never previously been observed outside Africa nor
associated with fatal disease in animals or humans. If established in central Europe, this virus may have
considerable effects on avian populations; whether USUV has the potential to cause severe human dis-
ease is unknown

Emerging Infectious Diseases * Yol. 8, No. T, July 2002
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B Usutu virus (USUV, Flaviviridae, Flavivirus)

™ First isolated in South Africa in 1959

® The name is derived from the Usutu river in
Swasiland

M Closely related to West Nile virus
B Emerged in Austria in 2001
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USUV survelllance
program 2003
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Cases of USUV infection diagnosed in Austria 2001 - 2006

E Great grey owl
@ House sparrow
M Blue tit

O Thrush

B Nuthatch

H Robin

O Great tit

B Blackbird
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Serological data on wild bird sera (n=398)

(Hemagglutination inhibition test; positives confirmed by
Plaque reduction neutralization test)
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The spread of USUV in Europe

M Austria: 2001
B Hungary: 2005 (sporadic)
B Italy (Milan): 2006 (mass-mortality)

retrospective: 1996, Tuscany, mass-mortality
Switzerland (Zirich): 2006 (mass-mortality)
Spain: 2006 (in mosquitoes, different genetic lineage)
Germany: 2011 (mass-mortality)
Czech Republic: 2011 (sporadic)
Belgium: 2012 (sporadic)
France: 2015 (increased mortality)
Widespread: 2016 (new: Netherlands)
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Usutu Virus,
Italy, 1996

Herbert Weissenbéck, Tamas Bakonyi,
Giacomo Rossi, Paolo Mani,
and Norbert Nowotny

Retrospective analysis of archived tissue samples
from bird deaths in the Tuscany region of Italy in 1996
identified Usutu virus. Partial sequencing confirmed iden-
tity with the 2001 Vienna strain and provided evidence for
a much earlier introduction of this virus into Europe than
previously assumed.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 19, No. 2, February 2013

53




vetmeduni
Vienna @

OPEN Emerging Microbes & Infections (2017) 6, ¢85; doi:10.1038%mi 2017.72

www.nature. comdemi

ORIGINAL ARTICLE

Usutu virus, Austria and Hungary, 2010-2016

Tamas Bakonyi'?, Kdroly Erdélyi’, René Brunthaler!, Adim Dan®, Herbert Weissenbick?
and Norbert Nowotny!~
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Phylogram based on complete
USUV genome sequences
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AY453411 Austria 2001

MF063043 Hungary 2016
MF063042 Austria 2016
HM569263 Italy 2009
KX555624 Italy 2010
KX555626 Italy 2010
KX555625 Italy 2010
KX555627 Italy 2010
KX555628 Italy 2010

2009
EF206350 Hungary 2005
JQ219843 Austria 2002

vetmeduni
vienna

Europe 2

Europe 1

aly 2015 Clade EU 4
—— KY426760 Germany 2016

_I—_KY426769 Germany 2016
100

100

KY 199558 Germany 2016
KY426755 Germany 2016
7677,EY426756 Germany 2016
KY263626 Belgium 2016
= m(426759 Germany 2016
KY263624 Belgium 2016
- HE599647 Germany 2011
[ KX601691 France 2015

[ KX601690 France 2015
KJ438706 Germany 2011

Europe 3

73

KC754956 Senegal 1993

KC754955 Central African Republic 1981

KC754957 Senegal 2007 )
Africa 3

[ KY128482 The Netherlands 2016

[

AY453412 South Africa 1959

100 — KM659877 Germany 2014

0.005

| I Africa 2
KF573410 Spain 2006
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Has global warming been responsible for the vetmedun 3
introduction of WNV, USUV and
other exotic viruses to Europe?

B NO - most likely viraemic migratory birds brought the

virus from Africa to Europe, or infected ticks on migratory
birds

B Also, the competent vectors for virus propagation and
Tra)nsmission have already been present in Europe (Culex
sp.

B BUT: Higher temperatures in spring, summer and autumn
allow mosquitoes more reproduction cycles and thus
contribute significantly fo the establishment of a new
infection in an area and facilitate the spread of the
infection




Has global warming been responsible for the
introduction of WNV, USUV and other exotic
viruses to Europe?

Paositive proof of global warming.
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Increase in human West Nile and Usutu virus

infections, Austria, 2018

Stephan W. Aberle*?, Jolanta Kolodziejek*3, Christof Jungbauer®*, Karin Stiasny?, Judith H. Aberle?, Alexander Zoufaly5, Michael

Kai Hourfars, Lisa Weidner4, Norbert Nowotny337

Center for Virology, Medical University of Vienna, Vienna, Austria

These authors contributed equally to this article and share first authorship

Viral Zoonoses, Emerging and Vector-Borne Infections Group, Institute of Virology, University of Veterinary Medicine Vienna,

Vienna, Austria

Austrian Red Cross, Blood Service for Vienna, Lower Austria and Burgenland, Vienna, Austria

Department of Medicine IV, Kaiser Franz Josef Hospital, Vienna, Austria

. German Red Cross, Blood Donor Service Baden-Wiirttemberg-Hessen, Institute for Transfusion Medicine and
Immunohaematology, Johann Wolfgang Goethe University, Frankfurt am Main, Germany

7. Department of Basic Medical Sciences, College of Medicine, Mohammed Bin Rashid University of Medicine and Health

Sciences, Dubai, United Arab Emirates
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Number of diagnosed human West Nile and Usutu virus infections, Austria, 2009-2018

West Nile virus infections L:i?etgt:lc;:wf
Autochthonous Reference Autochthonous Reference
WNF ASJ&Iant dBctzg:‘s Imported fotal Blood donors
2009 1 1 o} ND o} 2 ND NA
2010 1 0 0 ND 0 1 (5] ND NA
2011 o} o} o} ND o} 0 NA ND NA
2012 0 0 o ND 3 3 NA ND NA
2013 0 0 o ND o 0 NA ND NA
2014 1 0 o] 1 o] 2 [7,8] o] NA
2015 1 0 1 o} 7 [6] 0 NA
2016 1 1 o] 3 0 5 1
2017 2 2 1 1 1 7 6 9]
[9]
2018 4 11 o] 6 6 27 NA 18 NA
Total 11 15 2 16 10 54 NA 25 NA

Asympt: asymptomatic; NA: not applicable; ND: not done; WNF: West Nile fever; WNND: West Nile neuroinvasive disease; WNV: Nest Nile virus.
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Details of autochthonous human West Nile and Usutu virus infections, Austria, 2018

Main symptoms M°"”fjl°f Sl el el Colee R WNV NT USUV NT
ood donation assay RT-PCR® RT-PCR®

WNND

1 Disorientation, aphasia August ND Pos Neg 240 40
2 Disorientation, coma September ND Pos Neg 640 60
3 Fever, stiff neck August ND Pos Neg 160 20
4 Dysarthria, limb weakness September ND Neg Neg 240 60
WNF

1 Fever, rash, fatigue, headache August ND Pos Neg 960 160
2 Fever, rash, diarrhoea August ND Pos ND 320 80
3 Fever, rash August ND Pos Neg 640 60
4 Rash August ND Pos ND ND ND
5 Fever, rash August ND Pos ND 40 30
6 Fever, rash August ND Pos ND 320 120
7 Rash, ocular pain August ND Pos ND 320 40
8 Fever, fatigue, muscle aches August ND Pos ND 480 60
9 Rash, fatigue August ND Neg Neg 240 60
10 Fever, rash August ND Pos ND 120 <20
11 Fever, fatigue August ND Pos Neg 320 <20

By g ‘ TV
B e B’ 1
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slood donors
WNV
BD2 Rash, fatigue, headachet August Pos (30.4) Pos Neg 480 30
BD4 Rash, fatigued August Pos (40.0) Pos Neg 1,920 160
BDog Fatigue, joint aches® August Pos (30.8) Pos Neg 240 80
BD1y Asympt August Pos (30.0) Pos Neg 160 60
BD18 Asympt August Pos (39.4) Pos Neg 240 160
WNV/USUV
BD7 Asympt August Pos (34.1) Pos Pos 960 120
usuv
BD1 Asympt June Pos (38.7) Neg Pos <20 40
BD3 Rashe August Pos (37.6) Neg Pos 60 160
BDg Asympt August Pos (39.4) Neg Pos ND ND
BD6 Asympt August Pos (37.1) Neg Pos 80 240
BD8 Asympt August Pos (44.0) Neg Pos <20 80
BD1o Asympt August Pos (35.3) Neg Pos ND ND
BD11 Asympt August Pos (38.8) Neg Pos 30 120
BD12 Asympt August Pos (40.7) Neg Pos <20 160
BD13 Asympt August Pos (38.4) Neg Pos <20 40
BD14 No information August Pos (39.3) Neg Pos ND ND
BD1g Asympt August Pos (36.5) Neg Pos ND ND
BD16 Asympt August Pos (36.8) Neg Pos 20 40
BD1g Asympt August Pos (36.6) Neg Pos 20 120
BDzo Asympt August Pos (42.1) Neg Neg <20 8o
BD21 Asympt August Pos (41.7) Neg Neg <20 20
BD22 Asympt September Pos (40.0) Neg Pos ND ND
BD23 Asympt Septenber Pos (38.6) Neg Pos 40 240
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WNYV Infections among Blood Vienna @&
Donors in the EU

During 2010-2017, blood banks in the affected areas
of 7 EU countries (Austria, France, Greece, Italy,
Portugal, Romania, and Spain) detected 152 WNV
RNA-reactive donations among 2,636,653 donated
olood units.
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Transfusion-Transmitted WNV EmEgun @

Infection Iin the EU

One report (Pervanidou et al., Euro Surveill. 2014;19:20758).

In 2012, the Greek Haemovigilance Centre reported 2 TT-WNV
Infections:

1 patient received a platelet transfusion and developed WNND, and
another patient received fresh frozen plasma and became positive for
WNV but remained asymptomatic. Both blood components, including
nontransfused erythrocytes, were prepared from a single whole blood
donation and tested positive for WNV RNA after notification.

The implicated donor, who retrospectively received a diagnosis of
WNV infection, donated blood 8 days before a case of WNV infection
In Greece was reported and preventive measures initiated.
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PERSPECTIVE

West Nile and Usutu Virus
Infections and Challenges to Blood
Safety Iin the European Union

Dragoslav Domanovi¢, Celine M. Gossner, Ryanne Lieshout-Krikke, Wolfgang Mayr,
Klara Baroti-Toth, Alina Mirella Dobrota, Maria Antonia Escoval, Olaf Henseler,
Christof Jungbauer, Giancarlo Liumbruno, Salvador Oyonarte, Constantina Politis,
Imad Sandid, Miljana Stoji¢ Vidovié¢, Johanna J. Young, Inés Ushiro-Lumb, Norbert Nowotny
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