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1. What is the situation in Europe and USA ? 

USA :  310 106 inhabitants 
 9.3 106 km2 

Europe :  510 106 inhabitants 
 4.4 106 km2 

Outbreak : > 2 of similar cases exposure setting or food. 



Evaluation of foodborne and waterborne 
diseases need a surveillance system  

 

Surveillance reporting 
since 2007 

2005 in Stockolm (Sweden) 2002 in Parma (Italy) 

New surveillance system 
since 2009 

National Outbreak 
Reporting System (NORS) 

for acute gastrenteritis 
(AGE) 

- USA 

- Europe 



21 millions of AGE* are due to 
noroviruses (Vinje FEV congress 2012) 

 
Surveillance based on internet-
based system for health 
departments 
 
Foodborne and waterborne 
diseases can be analyzed… 
 
   

 NORS provide surveillance on AGE*: it is very frequent (179 

millions/year in USA : diarrhea or vomiting). 

*AGE : acute gastroenteritis Hall et al. 2013 



Norovirus is the leading cause of reported AGE outbreaks 
in USA but also the leading cause of AGE hospitalizations 
and deaths 

Hall et al. 2013 



Viruses are the 2nd cause in Europe after Salmonella 

2011 : 5648 outbreaks, 69553 cases, 7125 hospitalizations, 93 deaths 
11 to 15 outbreaks/year are waterborne  EFSA Journal 2013 



2. Some informations on 
noroviruses also called :  

Cruise ship virus   Winter vomiting virus 



Structure of Norwalk virus at 3 angstroms 
 resolution using X-ray crystallography 

(Dr Prasad) 

Norovirus 

Capsid 28-32 nm  
with 

ARNss (7,5kb) 

http://expasy.org/viralzone/all_by_species/32.html 



- First norovirus was isolated in 1972 (Kapikian) 
 
- Caliciviridae family, Norovirus genus with 5 genogroups : I à V 
 

- Human genogroup: I, II (swine) and less frequently IV 
 
-Pathology  
  Incubation 24-48h 
  Symptoms (24-60 h):  diarrhea (87%) ,                         
                                                       vomiting(74%) 
                   
      and 
 
     abdominal pains (51%),  
     cramps (44%),  
     nausea (49%),  
     fever (32-45%). 



AGE outbreaks exhibited winter seasonality in USA 

Hall et al. 2013 



The winter/spring pic in USA and Europe 

Wang and Deng (2012) 



- Norovirus are not 
cultivable 
 
- No long term immunity 
 
- High genetic variability 
 
-Genotype GII.4 is the most 
prevalent 
 
 
 

 
 
 

Siebenga et al. 2009 

Capsid gene 

Pourcentage of all cases from 
1990 to 2008 

Gris : gène Pol  
Noir : gène CP 



Periodic emergence of Norovirus variants 

Bull et al. (2006) 

18 outbreaks in Australia 2004 :  new variant GII.4 = Hunter virus 
    5% differences in a.a. sequence (capsid) 
    The Netherlands, Japan, Taiwan 



Kroneman et al. (2006) 

They may provoke pandemics : ex for GII.4 



Don’t forget other foodborne and waterborne 
viruses : enteric viruses 

Poliovirus was a very efficient  
waterborne pathogen 



Adenovirus 40 and 41 (ADNds) 

Astrovirus (ARNss) Norovirus and Sapovirus (ARNss) 

Rotavirus (ARNds) 

20-30 nm 
28-32 nm 

70-80 nm 

http://www.worsleyschool.net/science/files/virus/page.html http://pathmicro.med.sc.edu/mhunt/RNA-HO.htm 

http://www.stanford.edu/group/virus/astro/2004ambili/Astrohome.html http://virology-online.com/viruses/Diarrhoea5.htm 

The other foodborne and waterborne viruses 

Gastroenteritis virus 

70-80 nm 



Coxsackievirus A et B, Echovirus... 

20-30 nm (ARNss) 

http://www.worsleyschool.net/science/files/virus/page.html 

http://www.scottremley.com/viral_images/Hepatitis_A_Virus_Color.gif 

http://www.madrimasd.org/blogs/salu
d_publica/2008/03/28/87621 

Hepatitis A and E virus 

Hepatitis viruses 

Enterovirus 



Hepatitis 
A and E 

virus 

Gastroenteritis 
virus 

Enterovirus 

Quantity of virus /g 
of stool Excretion duration 

109 

103 - 106 

108-1010 

14-21 days 

20-30 days 

3-12 days 

Viral excretion in human stools 



3. Way of transmission : the fecal oral route  



http://www.cruiselawnews.com/2010/03/articles/norovirus/celebritys-mercury-cruise-ship-free-of-norovirus/ 

Way of transmission 



High transmission capacity (number of secondary cases from one case : R0) 

   R0 = 14 (without any hygiene)  
   R0 = 2 (good hygiene procedures)  
Pandemic flu in 1918 : R0 = 2-3 
Poliovirus : R0 = 5-7 

 
 
  Why ? 
 
- High excretion 
- Low infective dose (DI50 = 20 viral particles) 
 1g stools may infect 5 108 persons 
 Vomiting once may infect 3 105 to 3 108 persons 

- No long term immunity 
- High resistance in environment 

CDC, 2009 ; Mills et al. 2004 ; Heijne et al. 2009 ; Teunis et al. 2008 ; Joukje et al. 2010 

Person to person transmission is the main route : 
European surveillance 88% (Kroneman et al. 2008) 



http://www.cruiselawnews.com/2010/03/articles/norovirus/celebritys-mercury-cruise-ship-free-of-norovirus/ 

Way of transmission 



http://www.cruisecritic.com/news/news.cfm?ID=5255 

3 confirmed outbreaks in March 2013 

Confined setting favor person to person transmission:  
Cruise ship 

Also hospitals, nursing homes, elderly homes… 
Elderly homes : 71% due to noroviruses  (Greig et al. 2009) 

N= 121/2756 
 
N= 276/4300 
 
N=84 
 
Special procedure 
for cleaning (CDC) 



http://www.cruiselawnews.com/2010/03/articles/norovirus/celebritys-mercury-cruise-ship-free-of-norovirus/ 

Way of transmission 



Hygiene is very important : infected person may contaminated food 

N= 231 
 
Rolls 
contaminated 
by the baker 
 
 

Wit et al. 2007 



http://www.cruiselawnews.com/2010/03/articles/norovirus/celebritys-mercury-cruise-ship-free-of-norovirus/ 

Way of transmission 



It is usually difficult to demonstrate the link between AGE  
and drinking water : possibilities for high numbers of infections 

Waarbeek et al. 2013 Same for Arvelo et al. 2012 in Guatemala 

Fecal contamination but no norovirus found in water 



http://www.cruiselawnews.com/2010/03/articles/norovirus/celebritys-mercury-cruise-ship-free-of-norovirus/ 

Way of transmission 



Food vehicule for noroviruses 

Environmental impact ?  High increase for mixed food and berries… 

EFSA 2013 



http://www.cruiselawnews.com/2010/03/articles/norovirus/celebritys-mercury-cruise-ship-free-of-norovirus/ 

Way of transmission - Suspected for 
noroviruses 
- Demonstrate for 
HEV 



4. Detection of viruses 



Epidemiological criteria: 

 
 - Vomiting > 50% 
 
 - Incubation 24h-48h 
 
 - Duration 12-60h 
 
 - Absence of pathogenic bacteria 

Sensitivity 68% 
Specificity 99%  

(Turcios et al. 2006) 

Verified vs possible 

Now strong evidence or weak evidence (EFSA 2013) 



1. Concentration / Extraction 
 
 - Adsorption /elution or ultrafiltration for liquid samples 
 
 - Extraction or elution for solid food 
 
2. Detection 
 - RT-PCR  
(quality control : inhibition and false positive or negative) 
 
Standardization : CEN/TC275/WG6/TAG4 (Norovirus and HAV for water 
and food). 

http://www.rivm.nl/mpf/norovirus/typingtool 

3. Identification : typing tool Norovirus 

Different steps for detection 

http://www.rivm.nl/mpf/norovirus/typingtool


Foodborne viruses in europe network 

http://www.noronet.nl/noronet/ 



Prevalence of Norovirus genome is sometimes very high !  

 - Oyster (production zone) 
 
  *76.2% (n= 844)  (GB) (Lowther et al. 2012) 

   60% > 100 cg/g ; 30% >1000cg/g some with 10 000cg/g ! 

 
  *3.9% (4.4% HAV) (n= 390) (USA) (DePaola et al. 2010)  

 
  *9% to 23% NV (F) (Beuret et al. 2003 ; Le Guyader et al. 2000) 

  *9% NV in marketed oysters (n=387) F (Schaeffer et al. 2013) 

  * Other countries : from <1% to 52% (DePaola et al. 2010)  

 
 - Red fruits 
   *7% et 34% France and Belgium (Baert et al. 2011) 

 
 - Salads *0,8% to 12,4% ( n=210) (Adria Normandie – Prevavir 2011) 



5. Preventing norovirus infections 



  

 - Good hygiene practices / HACCP :  
 Hygiene procedures for food handler 

 Avoid environment pollution. After the things may be more complicated 

(irrigation, oyster growing, drinking water ressource) ! 
 Use treatments able to decrease viral pollution (wastewater, drinking water)  

 
 
 - Use the rigth indicators of viral/fecal pollution.  
 
 
 
 - Detect pathogenic viruses in some cases: control their 

absence, epidemiological studies… 



The epidemiological data shows that viruses are : 
 
- An important problem in USA and Europe 

 
- Find everywhere over the world  
 
- Food: Oysters/Raspberries/ Vegetables and fruits/sandwiches… 

 
- Water : drinking water, irrigation or growing zones for oysters,  
 
- Frequence : Norovirus, Hepatitis A virus, other virus… 
 
- Problem for collectivities : 
Nurse homes, hospital, elderly homes, restaurants, cruiseships… 
 
- Costs are important :  
 Nosocomial outbreak, 355 infections :  cost 650 000 $ (Johnston et 
al. 2007) 
  

Conclusions 


