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Fecal oral transmission 
Food handler 
High incidence 
Human pathogens 
End of chain 
Local, endemic 

Fecal oral trasmission 
Food production phase 
High incidence 
Human and animal pathogens 
Globalisation 
Mixed infections > risk 
Early in chain 
Diffuse widespread 

Oral transmission and food 
handling  
Zoonotic 
Early in chain 
Rare 
Globalisation 
Emerging infections 
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Berry mix United States, Argentina, Chile, and Turkey 
pomegranade seed mix from Egypt 



Clinical Illness 

Problem for food investigation: 
Major challenge for 

people to remember what 
 they ate 30 days ago 



Prevalence	
  of	
  An-bodies	
  to	
  Hepa--s	
  A	
  Virus,	
  2006	
  
	
  

Epidemic 
Adults; May be severe 

Endemic 
Children 
Asymptomatic 



Geotagging:  
 
HAV genomes in endemic countries have a unique fingerprint 
 
Sequencing of HAV (from serum of patients during viremia) can 
be used to obtain strain sequence 
 
Combined with background information of define likely source of 
infection (contact with a case, men who have sex with men, 
travellers) 
  



Egypt 
Morocco 

Other endemic countries 
Turkey 

Unkown or low-endemic countries 

US 2013 A13NM1.0 

Sundried Tomato strain 77 
Sundried Tomato strain 06 

Europe 2013 Travellers 
Nordic countries 2013 

Denmark 2013 

HAV 1B with country of 
infection information  
VP1/2A region 324nt 
maximum parsimony 

Vennema et al., unpublished 
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  Shedding      Infection 
  in  feces      Potential 
   per gram   ID50%   (persons) 

NoV    106 – 109   ~10    10 – 10.000 

HAV   106 – 108   ~50    5 - 500 

S. Typhi  106 – 109    105 – 107    0 – 1 

Shedding and infectious dose 
Contamination of fingers   1 mg 

Transmission per contact   10% 
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Honduras Equador 
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Lewis et al., 2003 



Viruses and aquaculture 
●  Replacement of wetlands and salt marshes by aqua culture 
●  Influx of water from rivers draining populated areas 
●  Human and animal waste, mixed > multiple exposures 
●  In regions with sewage treatment: incomplete and selective 

removal of viruses 
●  Storm surges and sewage overflow 
●  Additional viruses from aquatic wild life 
●  Active concentration of viruses from water by bivalves (100-fold 

concentration) 



Country (source) Samples analyzed % positive Reference 

Asia 

11 countries 507 10.5% NoV* Cheng et al., 2005 

China 128 19% NoV Kou et al., 2006 

Europe 

Netherlands 42 17% NoV Boxman et al., 2006 

Italy 235 6% HAV, 14% NoV, 2 % both Groci et al., 2007 

Italy 170 14% HAV Macaluso et al., 2006 

Netherlands 64 22% EV Lodder et al., 2005 

France 52 40% EV Dubois et al., 2004 

Spain 60 47% AdV,19% EV, 24% HAV Muniain-Mujika et al., 2003 

France, Netherlands, 
Ireland 87 9% NoV,5% EV Beuret et al., 2003 

Spain ? 27% HAV, 44% EV Romalde et al., 2002 

Italy 
100 before depuration 
90 after depuration 
100 market 

20% (34%***) HAV 
11% HAV 
23% HAV 

Chironna et al., 2002 

Italy 142 35% (13%) De Medici et al., 2001 

France 108 17% AV, 23% NoV, 19% EV, 27% RV LeGyader et al., 2000 

South America 

Brazil 27 22% HAV Coelho et al., 2003 

South America 17 24% HAV Romalde et al., 2001 

* NoV = norovirus, HAV = hepatitis A virus, EV = enterovirus, AdV = adenovirus, AV = astrovirus, RV = rotavirus 



Established NoV genotypes 
Orphan capsid 
Orphan polymerases > new introductions? 

NoV phylogenetic 
lineages 

ORF	
  2	
   ORF	
  1	
   ORF	
  2	
   ORF	
  1	
  
Genotypes Genotypes Genotypes Genotypes 
I.c1 I.p1 II.c1 II.p1 
I.c2 I.p2 II.c2 II.p2 
I.c3 I.p3 II.c3 II.p3 
I.c4 I.p4 II.c4 II.p4 
I.c5 I.p5 II.c5 II.p5 
I.c6 I.p6 II.c6 II.p6 
I.c7 I.p7  II.c7 II.p7 
I.c8 I.p8 II.c8 II.p8 
  I.pa II.c9 II.p9 
  I.pb II.c10 II.p10 2 

  I.pc 1 II.c11 II.p11 
  I.pd 1 II.c12 II.p12 
  I.pe 1 II.c13 II.p13 2 
  I.pf 1 II.c14 II.p14 2 

II.c15 II.p15 
II.c16 II.p16 
II.c17 II.p17 
II.c18 II.p18 
II.c19 II.p19 
II.c20 II.p20 
II.c21   
  II.pa 
  II.pb 
  II.pc 1 
  II.pd 
  II.pe 
  II.pf 1 
  II.pg 
  II.ph 1 
  II.pj 
  II.pk 1 
  II.pm 



 
 

Oyster herpes virus 
 
Massive die-out 
 
Market shift 
 
Top producers:  
China, Japan, Korea 
 



Genetic profiles of enterovirus type 71 in different geographic regions 
> risk of introduction? 
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MMWR,  2003 Oct 17;52(41):986-7. 
 

Indications for zoonotic transmission 



Emerging viruses and the food chain 
●  SARS – wild animals 
●  Nipah – palm sap, fruits>pigs>people 
●  Avian influenza- food handlers, blood 
●  Filoviruses – hunters, food handlers 
●  Monkeypox – hunters 
●  Rift valley fever – animal products, slaughter 

●  International foodcontamination events occur frequently 
●  Can be vehicle for dissemination of infections, even if not primary 

mode of transmission 
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Ø 50 cases, high case fatality rate 
Ø Human to human transmission 
Ø Source of infection and modes of 
transmission remain obscure 
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IF camels would be a reservoir of 
MERS coronavirus 
 
Coronaviruses often have enteric 
tropism 
 
Some patients have presented 
with diarrhea 
 
Virus present in stool? 
 
Fecal contamination during 
milking not uncommon 
 
Pasteurisation (15’, 73°) 
 
Camel milk often consumed raw  
 
> Tx through milk can not be 
ruled out, particularly when 
consumed raw 
 
 



Participants of noronet and the Foodborne viruses in Europe 
network (noronet@rivm.nl) 

< Calicinet  
 

Vironet 

Japan  
network 

Australia/NZ 
network 

Europe:  
Established in 1999 as Integrated lab and epi project 
study trends and their relevance 
Since 2006 global, lab-based 
 
 
 

FBVE > 


