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Shellfish an established route of transmission for a range of
important human pathogens and other agents of illness. First
outbreaks linked to shellfish consumption emerged in the 19th

Century.

Filter feeding bivalves (oysters, mussels, clams etc.) very efficient
at concentrating microbes, algal toxins and other chemicals.
Bivalve shellfish can concentrate microbial pathogens >100 times
compared with overlying waters.

Outbreaks can be very large: Hepatitis A outbreak in China in
1988 due to contamination of clams was responsible for almost
300,000 cases – one of the largest foodborne outbreaks ever
reported.

Shellfish and disease risk



Types of hazard associated with bivalve shellfish

TYPE OF HAZARD SOURCES GUIDANCE

CHEMICAL
e.g. pesticides, heavy 

metals

Agricultural run-
off, industrial 

discharges etc.

Codex Alimentarius, General 
Standard for Contaminants 

and Toxins in Feed and 
Food, 2009

BIOTOXINS
i.e. toxic chemicals 

produced by marine 
microalgae

Naturally 
occurring in 

seawater, 
blooms

Assessment and 
management of biotoxin 
risks in bivalve molluscs, 

FAO Technical Paper, 2011

MICROBIOLOGICAL
i.e. pathogenic 

bacteria, viruses, 
parasites

Human sewage, 
animal faeces, 
some naturally 

occurring in 
seawater

FAO/WHO Technical 
Guidance for the 

Development of Sanitation 
Programmes



Microbiological hazards

BACTERIA Salmonella spp., Vibrio spp., 
Campylobacter spp., Listeria 

monocytogenes

VIRUSES Norovirus, hepatitis A virus, 
sapovirus, hepatitis E virus

PARASITES Giardia intestinalis, 
Cryptosporidium parvum, 

Microsporidia

Numerous microbiological pathogens potentially linked to shellfish 
consumption



Microbiological hazards

BACTERIA Salmonella spp., Vibrio spp.,
Campylobacter spp., Listeria 

monocytogenes

VIRUSES Norovirus, hepatitis A virus,
sapovirus, hepatitis E virus

PARASITES Giardia intestinalis, 
Cryptosporidium parvum, 

Microsporidia

Numerous microbiological pathogens potentially linked to shellfish 
consumption



• Gram negative bacterium

• Causes enteric fever 
(severe illness)

• Transmitted in human 
faeces

• First recorded outbreak 
due to shellfish 
consumption in 1894

Salmonella enterica serovars Typhi & Paratyphi



• Gram negative bacteria

• Cause gastroenteritis (Vp; mild 
illness) or sepsis (Vv; severe illness 
with high mortality in susceptible 
cases)

• Naturally occurring in marine 
environment; associated with low 
salinity, high temperature coastal 
waters

• Commonest shellfish–related 
pathogen in e.g. USA (Vp)

Vibrio parahaemolyticus and V. vulnificus



• Single stranded RNA virus

• Causes gastroenteritis (normally mild 
illness)

• Transmitted in human faeces

• Widespread worldwide

• Commonest shellfish-related pathogen in 
e.g. Europe

• Highly seasonal occurrence in some 
regions

Norovirus



• Single stranded RNA virus

• Causes hepatitis (moderate illness)

• Transmitted in human faeces

• Frequency in human populations 
varies widely across the globe

Hepatitis A virus



• All major shellfish-related pathogens found in the Latin 
American and Caribbean general population

• Some reports of pathogen detection in shellfish samples

• So far a small number of reports of shellfish-related 
outbreaks

Shellfish-related pathogens in Latin America and 
the Caribbean



Mid-level incidence 
of typhoid fever 

across Latin America 
and the Caribbean

Salmonella spp.



Small number of reports of Salmonella spp. isolated from 
shellfish in Latin America and The Caribbean

Salmonella spp.



Vibrio parahaemolyticus 
recorded in multiple 

Latin American 
Countries

Vibrio spp.



Vibrio spp.
Significant reports of detection of Vibrio spp. in shellfish in Latin America 
and the Caribbean



Norovirus
Norovirus a common cause of gastroenteritis in Latin America and 
the Caribbean



Norovirus
Small number of reports of norovirus detection in shellfish from Latin America 
and the Caribbean or consumers thereof



Intermediate 
prevalence of HAV in 
most parts of Latin 

America and the 
Caribbean

Hepatitis A virus



Hepatitis A virus
HAV occasionally reported in shellfish from Latin America and The Caribbean 
– some large outbreaks in importer countries have been reported



Emerging risks  – Hepatitis E Virus

• Hepatitis E virus (HEV) an important and emerging
zoonotic pathogen:-

• Primary host pigs (also deer etc.)
• 20,000,000 human infections worldwide in 2005
• 44,000 deaths in 2015
• Large increase in reported infections in last decade

• HAV spreads via faeco-oral route, shed in both faeces and
urine

• Infection usually occurs through contact with faecally-
contaminated water or consumption of undercooked or
raw meat products.

• HEV often detected in bivalves. Potential route of human
transmission?



Emerging risks - Tetrodotoxin

• Tetrodotoxin (TTX) is a potent neurotoxin, normally
associated with pufferfish poisoning (Japan)

• Produced by marine bacteria –pathways of TTX
production not well understood

• First detection of TTX in shellfish (UK mussels) in
2013-2014

• Method development at Cefas and UK national
surveillance in 2016-2017

• Subsequent studies have detected TTX in bivalves
across Europe and also in Asia

• EFSA opinion on risks recently published



Changing risk factors increasing shellfish 
risk

2.  Underlying conditions.  The number of people with underlying risk   
factors are increasing steadily – these include liver dysfunction, diabetes and 
compromised immune systems.

3. Exposure. More people living by, and in direct contact with water.

4. Shellfish consumption.  Globally there is increasing consumption and 
international trade of raw/lightly cooked shellfish. 

Greater international trade in shellfish = greater human health risks

1.  Rapidly ageing population.  Percentage of people aged >65 has increased 
steadily in the last 3 decades.  Age a major risk factor for more 
aggressive/systemic Vibrio infections, such as V. vulnificus and V. cholerae 
(non-O1/O139).



• As part of the Growing Area Risk Profile, the relative risk 
posed by different hazards should be assessed based on 
relevant factors e.g.:-
• Pollution sources affecting the growing area (human 

sewage, agricultural, industrial etc.)
• Seasonality of harvest
• Water temperature and salinity 
• Method of processing of finished shellfish 
• Epidemiological data on pathogens in population –

NOTE absence of data does not necessarily imply 
absence of risk

Risk assessment





• Depending on the results of the Growing Area Risk Profile, 
it may be necessary to include a hazard survey as part of 
the Growing Area Assessment

• Hazard survey involves testing samples of shellfish (or 
water) for pathogens

• Methods can be complex and require specialist equipment

Hazard Survey



Methods

Norovirus 
and Hepatitis 

A virus

ISO 15216-1 Quantification using real-time 
RT-PCR

Salmonella
spp.

ISO 6579-1 Detection by growth on 
selective bacteriological media 

– confirmation using 
biochemical/serological tests

Vibrio spp. ISO 21872-1 Detection by growth on 
selective bacteriological media 

– confirmation using 
biochemical/PCR tests



• Multi-stage procedure including a comprehensive suite of controls

• Digestive tissues dissected from the shellfish, then virus extracted using 
a digestion with Proteinase K solution

• Viral RNA purified from digested sample using guanidine isothiocyanate 
to denature virus proteins and magnetic silica beads as RNA-binding 
matrix

• Detection of target viruses using TaqMan real-time RT-PCR (one-step) 
with virus-specific primer and probe sequences

• Negative and positive controls, standard curves for quantification and 
controls for extraction efficiency and RT-PCR inhibition included

Method for Norovirus and Hepatitis A virus (ISO 15216-1)



• Depending on the results of the Growing Area Risk Profile, 
it may be necessary to include a hazard survey as part of 
the Growing Area Assessment

• Hazard survey involves testing samples of shellfish (or 
water) for pathogens

• Methods can be complex and require specialist equipment

• Laboratory accreditation to ISO 17025 desirable

Hazard Survey



• Wide variety of chemical, biotoxin and microbiological 
hazards associated with shellfish consumption

• Microbiological hazards include bacteria (Salmonella, 
Vibrio), viruses (norovirus, hepatitis A virus), parasites

• Emerging and increasing risks 

• Risks posed by different hazards may depend on the 
characteristics of the growing area

• Specific testing for hazards may require specialist 
laboratories

Summary


