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Human noroviruses (HuNoVs) are the most common cause 

of epidemic and sporadic cases of acute gastroenterit is 

worldwide, and the leading cause of food-borne gastroenter-

it is (1–3). Following the introduction of rotavirus vaccines, 

HuNoVs have become the predominant gastrointestinal 

pathogen within pediatric populations in developed coun-

tries (4). HuNoVs are highly contagious, with rapid person-

to-person transmission directly through the fecal-oral route 

and indirectly from contact with contaminated fomites, or 

consumption of contaminated food or water. In addit ion to 

causing morbidity and mortality in young children, immun-

ocompromised patients, and the elderly, norovirus disease 

causes significant economic burden as a result of health 

care costs and loss of productivity (5, 6). HuNoVs have re-

sisted significant efforts to establish in vitro cultivation 

methods for over 40 years. Previous reports of possible cul-

tivation systems have not been reproduced or support lim-

ited replication of a single strain (7–10). Insight into the 

pathophysiology of HuNoV infections has been elucidated 

primarily from studies using healthy adult volunteers. The 

lack of a reproducible culture system for HuNoVs has re-

mained the major barrier to achieving a full mechanistic 

understanding of their replication, stabil ity, antigenic com-

plexity and evolution. An in vitro cultivation system is crit i-

cal to define HuNoV-host interactions that underlie the high 

virus infectivity and explosive illness they cause, to deter-

mine how to prevent transmission, and to treat infections 

and illness. 

 

Ex vivo human intestinal enteroid cultures support 

H uN oV replication 

Attempts to culture HuNoVs in transformed intestinal 

epithelial cells and in primary human immune cells have 

been unsuccessful (8, 11, 12). We hypothesized that a novel 

culture system pioneered by the Clevers group in the Neth-

erlands that generates human intestinal enteroids (HIEs) 

from stem cells isolated from intestinal crypts in human 

intestinal tissues (13, 14) and recapitulates the natural intes-

tinal epithelium should support HuNoV growth. These mul-

ticellular, differentiated HIEs are nontransformed, 

physiologically active cultures that respond to agonists and 

contain multiple intestinal epithelial cell types (enterocytes, 

goblet, enteroendocrine, and Paneth cells) whether grown as 

three dimensional or monolayer cultures (fig. S1) (13–16). To 

evaluate whether these novel cultures support replication of 

the previously noncultivatable HuNoVs, monolayers of HIEs 

were inoculated with GII .4 HuNoVs, which cause the major-

ity of pandemic and outbreak infections worldwide (1). Je-

junal monolayer cultures were readily infected by stool 

fi ltrates of multiple GII .4 variants (2006a, 2006b-1-3, 2009, 

and 2012-1, -2; table S1). At 96 hours post-infection (hpi), 

1.5-2.5 log10 increases in genome equivalents of viral progeny 

Replication of human noroviruses in stem cell–derived 

human enteroids 
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The major  bar r ier  t o research and development  of  ef fect ive int ervent ions for human noroviruses 

(HuNoVs) has been t he lack of  a robust  and reproducible in vit ro cult ivat ion syst em. HuNoVs are t he 

leading cause of  gast roent er it is wor ldwide. We report  successful cult ivat ion of  mult iple HuNoV st rains in 

ent erocyt es in st em cell–der ived, nont ransformed human int est inal ent eroid monolayer cult ures. Bile, a 

cr it ical f act or  of  t he int est inal m il ieu, is required for st rain-dependent  HuNoV replicat ion. Lack of  

appropr iat e hist oblood group ant igen expression in int est inal cells rest r ict s virus replicat ion, and 

infect ivit y is abrogat ed by inact ivat ion (e.g., ir radiat ion, heat ing)  and serum neut ralizat ion. This cult ure 

syst em recapit ulat es t he human int est inal epit helium, permit s human host -pat hogen st udies of  previously 

noncult ivat able pat hogens, and allows t he assessment  of  met hods t o prevent  and t reat  HuNoV infect ions. 
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Norovirus: detection and infectivity 



Risk management 

Predictive models 

Understand persistence 
& infectivity 

Improve & adapt sewage 
treatment plants 

Surveillance & early 
warning system 

Credit: NIH 

Safety with regards to Norovirus 

💧 



Vibrio vulnificus 
Low number of cases 

Fatal in ~50% of the cases 

Vibrio parahaemolyticus 
High number of cases 

Spread worldwide 

Human-pathogenic Vibrios 

Change in North Atlantic SST (degrees Celsius) over the study period calculated as delta 
between SST averaged over the years 2000–2011 and 1890–1958. 

Luigi Vezzulli et al. PNAS 2016;113:34:E5062-E5071

©2016 by National Academy of Sciences

Cases of Vibrio infections reported for Northern European countries (including the Baltic Sea) 
and Atlantic coast of the United States, 1958–2011. 

Luigi Vezzulli et al. PNAS 2016;113:34:E5062-E5071

©2016 by National Academy of Sciences



Virulent strain? 

Multi-Locus 
Sequence Typing 

Whole genome 
sequencing 

Multi-Locus Sequence Typing website (http://www.mlst.net) 

Specific qPCR 
assay 

Biochemical 
identification 

Mass 
spectrometry 

MALDI-TOF MS 
https://www.creative-proteomics.com/technology/maldi-tof-mass-spectrometry.htm 

Human-pathogenic Vibrios: detection 



Vibrio vulnificus Vibrio parahaemolyticus 

Genotype C & E  
(Rosche et al. 2005) 

? 

Thermostable direct hemolysin gene (tdh) 

Thermostable direct-related hemolysin gene (trh) 

Marker for pandemic strain: 

Ecotype A & B 
(Kim et al. 2005, Raz et al. 2014) 

Human-pathogenic Vibrios: virulent strain detection 

Marker for virulent strain: 

? 



Post-harvest 
processing methods 
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Risk management 

Predictive models 
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Safety with regards to human-pathogenic Vibrios 

? 



Surveillance 
Sensitive & specific detection 

Impact of environmental factors 
Predictive models 

Effective sewage 
treatment Selective 

breeding 

Shellfish pathogens & human pathogens: similar approach? 
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