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

avian mortality 2002
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USUV surveillance 

program 2003
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red: USUV-positive 
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USUV surveillance 

program 2004



USUV surveillance 

program 2005
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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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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)
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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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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
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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 

blood units.

WNV Infections among Blood 

Donors in the EU
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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.

Transfusion-Transmitted WNV 

Infection in the EU
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Thank you for your attention!


