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• Dengue virus
• Zika virus
• West Nile virus (WNV)
• Usutu virus (USUV)

 Clinical neuro-invasive USUV infections in humans
 Two the most widespread 

mosquito-borne flaviviruses in Italy
 Co-circulation in the same geographical areas

Source: https://www.creative-diagnostics.com/Flavivirus.htm

Source: https://www.sciencedirect.com/science/article/pii/S1198743X16304256?via%3Dihub

Flavivirus genus



Flavivirus virulence in murine model

1. Comparative analysis of USUV and WNV strains
in CD1 mice

2. Genome manipulation by reverse genetics

3. Virulence factors ( E protein and 5’UTR)

4. Sequential infections with USUV and WNV

5. Role of pre-existing immunity



Flavivirus virulence in murine model

Source: https://www.123rf.com/photo_87892048_white-
laboratory-mouse-in-a-glass-jar.html

o Intraperitoneal
infection

o High or low
dose of WNV 

(3 isolates) and 
USUV (2 
isolates)

o qPCR from 
several tissues

1. Comparative analysis of USUV and WNV strains in CD1 mice
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Flavivirus virulence in murine model

2. Genome manipulation by reverse genetics



Flavivirus virulence in murine model

Source: https://www.123rf.com/photo_87892048_white-
laboratory-mouse-in-a-glass-jar.html

o Intraperitoneal
infection

o Recombinant
virus

o qPCR from several
tissues

3. Virulence factors ( E protein and 5’UTR)
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Flavivirus virulence in murine model

o Intraperitoneal
infection

o Either low or 
high dose of 

USUV
o Challenge with 

either low or 
high dose of 

WNV

o qPCR from 
several tissues

4. Sequential infections with USUV and WNV in CD1 mice



Sequential infections with in CD1 mice: USUV HD/ WNV HD 
Survival curves and microsopic lesions

 More than the 50% of animals succumbed 
day 1 postchallenge

• Bleeding, abnormal histopathological lesions 
(eye)

• Absence (or very low titres) of WNV RNA in 
the internal organs

Flavivirus virulence in murine model



Sequential infections with USUV and WNV/ BTV/ MHV
in 2 mice lines

USUV/ WNV-Lin2

USUV/ BTV-1

USUV/ MHV-A59
BALB/c mice, Charles River Inc.
Source: https://www.criver.com/products-
services/find-model/balbc-mouse?region=27

CD1 mice, Charles River Inc.
Source: https://www.criver.com/products-
services/find-model/cd1-elite-sopf-
mouse?region=27



Sequential infections with USUV and WNV
Survival curves – differences in mice line
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Sequential infections with USUV and WNV 
HD/ HD trials in CD1 mice
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Sequential infections with USUV and WNV 
HD/ HD trials in BALB/C mice

WNV MHV
0

5

10

15

20

25

Balbc USUV HD SN titres before challenge

Virus used for challenge

SN
 T

itr
e

0 5 10 15 20
0

20

40

60

80

100 USUV HD/ MEM
USUV LD/ MEM
MEM/ WNV HD
MEM/ WNV LD

days

%
 s

ur
vi

va
l

Balb/c Control

0 5 10 15 20
0

20
40
60
80

100 USUV HD/ MEM
USUV LD/ MEM
MEM/ MHV HD
MEM/ MHV LD

days

%
 s

ur
vi

va
l

Balb/c Control

0 5 10 15 20
0

20

40

60

80

100 USUV HD/ WNV HD

USUV HD/ MHV HD

days

%
 s

ur
vi

va
l

Balb/c mice



MICROSCOPICAL FINDINGS HD/ HD trials in CD1 mice
Lung tissue

Lung tissue
CD1 mice  that

survived
USUV HD/ WNV HD 

trial 

Lung tissue
CD1 mice that died on 

day 1 postchallenge
of USUV HD/ WNV HD 

trial

Lung tissue
CD1 mice that died on day 1 

postchallenge of 
USUV HD/ BTV HD trial



Histology HD/ HD trial in CD1 mice 
lung tissue

Lung tissue
CD1 mice that died on day 1 postchallenge of USUV HD/ MHV HD trial

Lung tissue
CD1 mice that survived USUV HD/ MHV HD trial



Flavivirus virulence in murine model

1. Comparative analysis of USUV and WNV strains
in CD1 mice

2. Genome manipulation by reverse genetics

3. Virulence factors ( E protein and 5’UTR)

4. Sequential infections with USUV and WNV

4. Role of pre-existing immunity
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