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Noroviruses



Key messages

•
 

The burden of disease due to noroviruses
 

is increasing (globally)

•
 

Clinical impact in health care outbreaks much greater than 
currently appreciated

•
 

Norovirus
 

outbreaks (probably) can not be prevented, but rapid 
control reduces impact and size





Estimates of food-borne VGE, NL



Challenges to control of noroviruses

Low infectious dose (10)
high level of shedding (107)

prolonged shedding (weeks)
Chronic shedding
environmental persistence

poor immune response
Great diversity 

No cell culture system
Shift and drift

Extensive outbreaks, 
difficult to control

All age groups

Diagnostic problem



•
 

“fecal-oral”
 

route, Person-person contact
•

 
Air-borne: aerosolization

 
with vomitus

•
 

Food-borne: Shellfish (oysters, clams, mussels),  fresh produce,  
prepared foods (food-handler)

•
 

Water-borne
•

 
Environmental surfaces

•
 

Unknown? Water

Air

ES
Food

?

PP

NOROVIRUS TRANSMISSION



Viruses are the most common cause of community-
 acquired gastro-enteritis, in people of all age groups
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bacteria viruses parasites

caliciviruses



Rockx et al., 2002

Average duration
 

of symptoms, community



hosp hosp hosp hospphys phys phys phys

0-4 19-65 66+5-18

The typical diagnostic work-up of a stool specimen in patients 
with gastro-enteritis:  strong bias for bacterial pathogens

Friesema et al., 2007



FBVE Network.

The Netherlands: RIVM

Ireland: MMHI, 
NDSC & NVRL

England&Wales: HPA

Finland: UH.HI & KTL

Denmark: SSI & DFVF

Sweden : SMI, LIU & KS

France: CHU-Dijon, INVS, 
IFREMER & INRA-CNRS

Spain: UB, UVEG, UPIE,
INIA & ISCIII

Hungary: ANTSZ, AOTK & OEK

Slovenia: UL & IVZ-RS

Italy: ISS & IZSLER

Norway : NIPH

Germany: RKI

Molecular epidemiology network enteric viruses in 
Europe

Since 1999

FBVE@rivm.nl
www.fbve.nl



Epidemiological data Virological
 

data

Molecular epidemiology, 
evolution, phylodynamics

Trend Analysis
Signaling unexplained 
outbreaks

Strain matching
Genotyping 

Secure, joint database with web-based reporting and search options
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Dominance of GII4 genotype strains  since 2002
GII4 greatest fluctuations



suspected mode of transmission per genotype
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Neighbour-joining tree, 
complete capsids, 
Caliciviridea
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Siebenga et al., 2007
Lindesmith et al., 2007

Changes
 

in GII4 capsids
 

over time  shows succession
 

of 
individual

 
variant strains

Most changes
 

in surface
 exposed

 
part
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Epidemiology of NoV
 

is shaped 
by rapid evolution of GII4 
strains (similar to influenza A)



GII.4 NoV Variants in Japan
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GII.4 NoV Variants in Germany
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GII.4 NoV Variants in Canada
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et al. submitted
The global norovirus

 

network. Noronet@rivm.nl

Global picture similar, but
 

some
 

remarkable
 

differences
 

> 
host suceptability?



Hypothesis: GII4 variants
 

differ
 

in host binding properties
 

and 
therefore

 
population

 
segment targeted

 
and level of immunity

 
in 

that
 

group

Donaldson et al., 2008



Severity of illness in risk groups (comorbidities, elderly) 
Mattner et al, 2005 
Janssen et al., 2008 

Mortality associated with new variants 
Harris et al., 2008 
Van Asten et al., submitted



Duration of admission at time of sampling (n=194)
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Review of all norovirus positive cases from 2002-7 
in an academic hospital



no. of NoV cases 
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Nosocomial
 

norovirus
 

infections 
(60% of norovirus

 
diagnoses)
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Clusters of norovirus
 

identified through record linking
And chronic shedders  (6% of all tested, 22% of patients with follow-up) 



•
 

Accumulation of 
mutations:

-

 

patient 2 in 182 
days: 6 aa

-

 

patient 7 in 119 
days: 13 aa

•
 

Very high non-syn
 / syn

 
mutation 

ratio’s
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Full
 

capsids, aa
 

sequences, NJ, bootstraps
 

1000 iterations

Use of molecular typing for studying hospital epidemiology



Systematic
 

evaluation
 

of control
 

protocols
•

 
75 wards, 31 outbreaks

Tabel: average and range at ward
 

level

•
 

Fast
 

introduction
 

of control
 

may
 

reduce
 

spread

Total Start protocol 
≤

 

3 days
Start protocol 

> 3 dagen
Duration

 

outbreak

 

(days) 16
3-53

16
3-53

19
6-50

Attack

 

rate

 

patients 35%
0-87

36%
0-77

39%
13-87

Attack

 

rate

 

staff 22%
0-95

20%
0-95

33%
15-67

Friesema et al., submitted



 mean duration in days 
Variables:  (25, 75 percentiles) 
Cohorting of symptomatic residents  

no
yes

 
17.2 (7.0, 29.0) 
10.0 (8.0, 13.0) 

Suspending of group activities  
no

yes

 
10.5 (7.0, 11.0) 
18.4 (7.0, 32.0) 

Disinfection with chlorine 
no

250 ppm
1000 ppm

 
8.9 (5.5, 11.5) 
9.3 (7.0, 13.0) 

21.0 (8.0, 33.0) 
Size of ward 

? 20 residents
21-30 residents

? 31 residents

 
18.3 (8.0, 31.0) 
20.5 (7.5, 36.0) 
11.3 (5.0, 13.0) 

 

Control measures with effect (nursing home) 

No clear effect hand washing

 

residents, room quarantine, masks, enhanced

 toilet cleaning, no

 

visits

Friesema et al., 2008



Conclusions
 

Medical community needs to be educated about risks of norovirus
 Need for better understanding of sources of infection 

Evidence based infection control
 Vaccination? 
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