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Family Flaviviridae, Genus Flavivirus 
 ssRNA (positive-sense), ~11,000 nucleotides 
 

 Human pathogens 
 Hemorrhagic fevers  
 Encephalitis 
 Febrile illness 

 

 Three phylogenetic clusters 
 No known vector 
 Tick-borne 
 Mosquito-borne 

 Japanese encephalitis serocomplex 
 includes JEV, WNV 

 Other serocomplexes include YFV, DENV 

 

West Nile Virus 



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. 



World distribution of flaviviruses 

Alfuy virus 
Apoi virus 
Aroa virus 
Bagaza virus 
Banzi virus 
Batu Cave virus 
Bouboui virus 
Bukalasa bat virus 
Bussuquara virus 
Cacipacore virus  
Carey Island virus 
Cell fusing agent virus 
Cowbone Ridge virus 
Dakar bat virus 
Dengue virus 
Edge Hill virus 
Entebbe bat virus 
Gadgets Gully virus 
Iguape virus 
Ilheus virus 
Israel turkey 

 meningoencephalomyelitis virus 
Japanese encephalitis virus 

 

Jugra virus  
Jutiapa virus 
Kadam virus 
Karshi virus 
Kedougou virus  
Kokobera virus 
Koutango virus 
Kunjin virus 
Kyasanur Forest disease virus 
Langat virus 
Louping ill virus 
Meaban virus 
Modoc virus 
Montana myotis 

 leukoencephalitis virus 
Murray Valley encephalitis virus 
Naranjal virus 
Negishi virus 
Ntaya virus 
Omsk hemorrhagic fever virus 
Phnom Penh bat virus 
Potiskum virus 
Powassan virus 
Rio Bravo virus 

Rocio virus 
Saboya virus 
Sal Vieja virus 
San Perlita virus 
Saumarez Reef virus 
Sepik virus 
Sokoluk virus 
Spondweni virus 
St. Louis encephalitis virus 
Stratford virus 
Tamana bat virus 
Tembusu virus 
Tick-borne encephalitis virus 
Tyuleniy virus 
Uganda S virus 
Usutu virus 
Wesselsbron virus 
West Nile virus 
Yaounde virus 
Yellow fever virus 
Yokose virus 
Zika virus 

World-wide: Courtesy Dr. Tamás Bakonyi 
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West Nile Virus in Latin America 
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2004 and 2005 
encephalitis in 
birds of prey  

2003 encephalitis in  
geese + human cases 

Hungary 



Birds of prey, 
2004 & 2005 

 In 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) 

 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.  

 
 

 
 



Lineage 1 

Lineage 2 

Putative Lineage 3 

Putative Lineage 4 











WNV cases 2004 



WNV cases 2004-2005 



WNV cases 2004-2005-2007 



WNV cases 2004-2005-2007-2008 



WNV cases 2004-2005-2007-2008-2009 



WNV cases 2004-2005-2007-2008-2009-2010  



Limited mosquito  
surveillance 
2008/2009 >  
 
WNV-carrying 
mosquitoes have 
been overwintering 
in Austria 





West Nile Virus Clinical Syndromes 

 Asymptomatic (approx. 75%) 

 West Nile fever (approx. 25%) 

 Neuroinvasive disease (approx. 1/140) 

 Encephalitis 

 Meningitis 

 Flaccid paralysis 

Courtesy L. Petersen, CDC 







Asymptomatic 

1,040,300 

Fever 

322,800 

Fever 

13,484 

Neuroinvasive, 

Non-fatal  

8,942 

Fatal, 962 

Reported 

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

Not reported 

Courtesy L. Petersen, CDC 



Blood transfusion ! 
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Between July and August 2017, seven of 12,047 blood donations 
from eastern Austria, reacted positive to West Nile virus (WNV) in 
the cobas test (Roche). Follow-up investigations revealed Usutu 
virus (USUV) nucleic acid in six of these. Retrospective analyses 
of four blood donors diagnosed as WNV-infected in 2016 showed 
one USUV positive. 



male blackbird 

Late August 2001: 
 
Mass die-off of blackbirds 
(Turdus merula) in Vienna 
and surrounding villages 
to the north and south 
 

(7 birds examined) 



Late August 2001: 
 

Death of all 5 great gray 
owls (Strix nebulosa) 
in the Vienna Zoo 
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 Usutu virus (USUV, Flaviviridae, Flavivirus) 
 

 First isolated in South Africa in 1959 

 The name is derived from the Usutu river in 
Swasiland 

 Closely related to West Nile virus 

 Emerged in Austria in 2001 



USUV-associated  
avian mortality 2001 

 

red: USUV- positive 
blackbirds 

blue: USUV- positive 
great grey owls 



USUV-associated  
avian mortality 2002 

red: USUV-positive 
blackbirds 

orange: USUV-positive 
house sparrow 

white: USUV-negative 
cases 

 



USUV surveillance 
program 2003 

red: USUV-positive 
blackbirds 

green: USUV-positive 
great tits 

blue: USUV-positive 
robin 

yellow: USUV-positive 
nuthatch  

white: USUV-negative 
cases 



red: USUV-positive 
blackbirds 

white: USUV-negative 
cases 

 

USUV surveillance 
program 2004 



USUV surveillance 
program 2005 

red: USUV-positive 
blackbirds 

white: USUV-negative 
cases 



Cases of USUV infection diagnosed in Austria 2001 - 2006  
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Serological data on wild bird sera (n=398) 
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(Hemagglutination inhibition test; positives confirmed by  

Plaque reduction neutralization test) 



The spread of USUV in Europe 

 Austria: 2001 

 Hungary: 2005 (sporadic) 

 Italy (Milan): 2006 (mass-mortality) 

 retrospective: 1996, Tuscany, mass-mortality 

 Switzerland (Zürich): 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) 



54 



55 



56 

Phylogram based on complete 
USUV genome sequences  



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

 NO - most likely viraemic migratory birds brought the 
virus from Africa to Europe, or infected ticks on migratory 
birds 

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

 BUT: Higher temperatures in spring, summer and autumn 
allow mosquitoes more reproduction cycles and thus 
contribute significantly to 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? 
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Update 2018 

• Schon 23 Flavivirus-positive Blutspender (RK Wien-
NÖ-Bgld) - so viel wie noch nie (bestätigt 6 WNV 
und 18 USUV, eine Doppelinfektion) 

 

• Zusätzlich 11 autochthone West Nile Fieber- und 3 
West Nile neuroinvasive Fälle + 6 importierte Fälle 
aus Serbien, Italien, Kroatien und Griechenland 

 

• > 50 USUV-positive Vögel, vor allem Amseln 
 

• Erstmals USUV-Ausbrüche in Linz, Graz und in 
Kärnten: humane Blutspenden?? 
 



Table 1: Number of diagnosed human West Nile and Usutu virus infections, Austria, 2009-2018 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WNND: West Nile neuroinvasive disease; WNF: West Nile fever 

Year West Nile virus infections Reference Usutu virus infections Reference 

 Autochthonous Imported Total  Autochthonous  

 WNND WNF 
Asympt 

WNV infect 

Blood 

donors 
   Blood donors  

2009 1 1    2 
[10] 

  

2010 1     1   

2011      0    

2012     3 3    

2013      0    

2014 1   1  2 [11,12]   

2015 1  1 5  7 
[13] 

 
[14] 

  

2016 1 1  3  5 1 
[14] 

2017 2 2 1 1 1 7 6 

2018 3 11  6 6 26  18  

Total 10 15 2 16 10 53  25  



62 

Human West Nile and Usutu virus infections, Austria, 2018 
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West Nile and Usutu virus infections in birds  
and human blood donors, Austria, 2018 



West Nile- und FSMEV-seropositive Pferde 



Danke für Ihre Aufmerksamkeit! 
Fragen? 


