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Evidence Brief: Control of parasites by freezing in fish

for raw consumption

Issue and Research Question

Raw or lightly cooked fish is consumed by the
public in a variety of forms including sushi,
sashimi, gravlax, boquerones en vinagre and
lomi-lomi salmon. The consumption of raw or
lightly cooked fish poses a potential risk of
parasitic illness; however certain fishing and
handling practices can mitigate that risk. This
evidence brief examines the effectiveness of
freezing as one of the mitigating factors to
reduce the risk of parasitic infection associated
with consumption of raw fish.

Key Messages

e Parasites are ubiquitous in
aquatic and fresh water
environments.

e Parasitic infection is a known
risk from consuming raw or
lightly cooked fish.

e Freezing provides an effective
means of inactivating parasites
in raw and undercooked fish.

o The effectiveness of killing
parasites by freezing varies
with the type of fish, type of
parasite, temperature
achieved, and length of time
held at that temperature.
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Methods

A review of the literature was done on MEDLINE
and Food Science Source databases. The search
was limited to literature published in English
from January 1, 1946 to March 22, 2016. Terms
in the search included: freezing, frozen food,
temperature, fish products, seafood, food
parasitology, parasite load, parasitic disease,
tapeworm, roundworm, fluke, anisakis, cestode
infection, Paragonimiasis, Diphyllobothrium and
Opisthorchis. The search yielded 144 citations
after duplicate records were removed.
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Titles and abstracts were screened for
relevance. Additional information was identified
through cited reference searching of full-text
articles. Papers were selected if they evaluated
the effect of freezing for parasite inactivation in
raw seafood.

A grey literature search was also performed
using Google, and the first 100 hits were
reviewed. Search terms included fish OR
fishery-products OR seafood freezing OR freeze
OR frozen parasite OR anisakis; fish OR fishery-
products OR seafood raw OR sushi OR "lightly
cooked" freezing OR freeze OR frozen parasite
OR anisakis; and fish freezing-requirements.

In addition, a review of the evidence of parasitic
outbreaks associated with raw seafood dishes
was conducted through the Public Health
Agency of Canada’s “Publicly Available
International Foodborne Outbreak database”
(PAIFOD), between January 1, 1972 to March
22,2016.

A total of 29 records are included in this report.
Main Findings

Parasites and parasitic infections are associated
with the consumption of raw seafood.

e Parasites are a natural part of the
environment, and while the majority of
species of parasites are not pathogenic to
humans, more than 50 species of the
worm-like helminth class of parasites do
cause illness.”? The classification of
helminths and the species most
commonly associated with human illness
are highlighted in the box to the right.*

e A US survey of gastroenterologists in 2000
found that seafood-borne parasitic
infections occur frequently in the United
States.’

e The European Food Safety Authority
(EFSA) states that all wild-caught marine
and freshwater fish must be considered as
potentially containing pathogenic
parasites.6

There are no marine fishing grounds
considered to be free of Anisakis simplex,
a type of nematode, though it has only
been found in wild seafood and has not
been found in farmed seafood, likely due
to the control measures in place.>®

Fish may become infected with Anisakis or
Diphyllobothrium when they consume
infected crustaceans. For example fish are
infected with Anisakis simplex when they
eat crustaceans that have in turn ingested
the free-swimming second larval stage
(L2) of Anisakis. The L2 mature into third
stage larvae (L3) in crustaceans. Fish
become infected when they consume the
L3 larvae. When the fish die the larvae will
migrate from their intestines to the
muscle tissues and can be transmitted to
humans when consumed.’

The risk of infection with parasites can be
reduced when good aquaculture practices
(GAPs) are implemented. For example, in
farmed Atlantic salmon, if fish are reared
in floating cages (raised off the sea bed) or
in tanks (on-shore) and fed an artificial
diet (e.g. pellets), the risk of infection will
become negligible as there would be very
little opportunity for the fish to be
exposed to infective parasites or their
larvae.®

A 2010 report estimated that more than 50
million people are infected with foodborne
trematodes globally, with most infections
resulting from consumption of contaminated
raw or undercooked freshwater fishery
products.®

Over 2,000 cases of Anisakis simplex are
diagnosed worldwide each year.?

Between January 1, 1972 and March 22,
2016, 25 published reports of parasitic
foodborne illnesses/outbreaks, associated
with consumption of raw or under-cooked
seafood, were documented in PAIFOD. A
cestode was the causative agent in ten fish-
borne illnesses/outbreaks; trematodes were
implicated in nine and there were six
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nematode-related illnesses/outbreaks. Three
incidents were identified among
Canadians™. The causative agent associated
with the two Canadian illnesses (2005 and
2012) was Diphyllobothrium. Anisakis was
the causative agent for the third Canadian
case reported in 2015."

Parasites of the helminth class are
most associated with seafood causing
human illness. They can be sub-
classified as:

e Nematodes (a.k.a. roundworms):
These are cylindrical parasites
ranging in size. In fish, nematodes
can vary in size from microscopic to
a few centimetres. Examples include
Anisakis simplex and
Pseudoterranova decipiens.

e Cestodes (a.k.a. tapeworms): These
are flattened, elongated, and
segmented worms ranging in size
from 2 millimetres up to 10 metres.
The Diphyllobothrium species are
part of this category.

e Trematodes (a.k.a. flukes): These
are flattened, leaf-shaped, and
range in size from 2 millimetres up
to 8 centimetres. The
Heterophyidae, Opisthorchiidae, and
Nanophyetidae are most common in
this category.4

Risk mitigating factors

Parasites are endemic in aquatic environments
and infection of fish is unavoidable.

e Inthe seafood industry, freezing has been
used to kill parasites. The requirements for
killing depend on the type of parasite,
temperature applied, length of time needed
to reach the final temperature in all parts of

fish tissue, the time fish is held at the set
temperature, the species and source of the
fish, and the fat content of the fish.>® For
example, tapeworms are more susceptible
to freezing than are roundworms, and
flukes are more resistant to freezing than
roundworms. The freezing time and
temperature required for eradication of
parasites in particular seafood products can
be found in Table 1.

Freezing provides an effective means of
inactivating parasites in raw and
undercooked fish. Many jurisdictions have
recommendations for the freezing of fish
intended to be consumed raw. Table 2
provides a summary of freezing
recommendations/requirements in different
jurisdictions.

GAPs in farmed fish have the potential to
reduce and eliminate pathogenic loads in
farmed fish, as mentioned above. °

Other risk mitigation measures that may reduce
the parasitic load of fish based on their biology

include:

5,10

Selective harvesting of younger fish among
species where parasites accumulate during
the life of the fish.

Fishing outside marine mammal areas
since fish from near-shore waters
frequented by marine mammals often
show a larger number of parasites.

Rapid chilling and gutting following harvest
to prevent worms from migrating from the
viscera, where they mainly accumulate into
the flesh which is consumed.

Trimming away the belly flaps of fish and
physically removing the parasites.

Candling, a process by which the fish fillet
is placed on a light table and parasites are
physically removed. This method reduces
the load but does not eliminate all
parasites.
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Discussion and Conclusions

Parasites are a natural part of the environment.

They are commonly found in wild-caught
marine and freshwater fish species.z'S Among
humans, parasitic illnesses are often
undiagnosed and under-reported. Three
Canadian parasitic illnesses were identified in
PHAC’s Publically Available International
Foodborne Outbreak Database.

Good aquaculture practices in farmed fish can
reduce and eliminate parasitic load in farmed
fish.® Specific practices such as selective
harvesting, avoiding areas with known heavy
parasitic loads, rapid chilling and gutting, and
physical removal of visible parasites may also
mitigate the risk of infection from fish that will
be consumed raw.

Freezing mitigates the risk of human illness by
inactivating parasites in fish that will be
consumed raw or undercooked. The
requirements for killing depend on the type of
parasite, temperature achieved, length of time
to reach a final temperature throughout the

fish, time held at the optimum temperature, the

species of fish, and fat content of the particular
fish species. Recommendations for freezing of
fish intended to be consumed raw are available
in various jurisdictions.

Implications for Practice

Parasitic infection can occur after consuming
raw or lightly cooked fish infected by parasites.
For fish intended to be consumed raw, freezing
is an effective way of mitigating the risk of
human disease.

Other methods throughout the fish production
process can also be helpful, and overall good
aquaculture practices should be followed.

Local health authorities may provide guidance
or regulations regarding freezing of fish
intended to be consumed raw.

Specifications and Limitations of
Evidence Brief

The purpose of this Evidence Brief is to
investigate a research question to help inform
decision making. The Evidence Brief presents
key findings based on a systematic search of the
best available evidence near the time of
publication, as well as systematic screening and
extraction of data from that evidence. It does
not report the same level of detail as a full
systematic review. Every attempt has been
made to incorporate the highest level of
evidence on the topic. There may be relevant
individual studies that are not included;
however, it is important to consider at the time
of use of this Evidence Brief whether individual
studies would alter the conclusions drawn from
the document.
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Appendix 1

Table 1: Freezing time/temperature required for eradication of parasites in seafood

Organism
Pygidiopsis genata
metacercariae
Haplochinae spp.
metacercariae

Echinostoma spp.
metacercariae

Pygidiopsis genata
metacercariae
Heterophyid
trematode,
Cryptocoyle lingua

Diphyllobothrium
latum

Anisakis simplex
larvae

Anisakis simplex
L3

Anisakis simplex

larvae

Anisakis simplex
larvae

Heterophyes spp.

Gnathostoma
binucleatum L3

Product
Tilapia

Freshwater fish,
Cyclochelichtys
armatus
Freshwater fish,
Cyclochelichtys
armatus

Tilapia

Atlantic Cod

Pike

Sockeye salmon and
canary rockfish
Barracouta
(Thyristes atun)

Arrowtooth flounder

Larva isolated from
Hake (Merluccius
merluccius)

Mullet

Fish meatball (made
from estuarine fish
and turtles)

Temperature
-4°C

-20°C

-20°C

-4°C
-20°C
-20°C

-18°C

Blast frozen
to -35°C
-15°C (all

parts of

product)
-15°C
-20°C
-30°C
-40°C
-20°C

-10°C
-20°C
-20°C
-10°C

Time
10 days

5h

10 h

10 days
10 days

e 2 h (metacercariae
mounted between
cod tissue) or,

e 6 h (metacercariae
kept in situ as
infection in cod
tissue during
incubation)

1 day

24 h

NA

96 h
60 h
12 h
9h
2h

33 h
33 h
24 h
48 h

Source

Youssef et al.
(1981)"
Wiwanitkit et al.
(2002)™

Wiwanitkit
(2004)"

El-Zawawy
(2008)*
Borges et al.
(2015)"

Salminen
(1970)
Deardorff and
Throm (1988)"
Wharton and
Alder (2002)*®

Adams et al.
(2005)*

Rodriguez-
Mhillo et al.
(2008)*

Hamed and Elias
(1970)*
Alvarez-
Guerrero and
Alva-Hurtado
(2011)*
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Appendix 1 (continued)

Table 2: Freezing time/temperature recommendations for fish intended to be eaten raw or lightly
cooked in different jurisdictions

Jurisdiction

Alberta

Nova Scotia

Manitoba

British Columbia

Canada

United States

European Commission

United Kingdom

Temperature/time

-20°C for 7 days or
-35°C or below for 15 hours

-20°C for 7 days or

Below -35°C for 15 hours (in a blast
freezer)

-20°C or below for 7 days or

-35°C or below until solid and storing at -
35°C or below for 15 hours or,

-35°C or below until solid and storing at -
20°C or below for 24 hours

-20°C for 7 days or

-35°C or below for 15 hours, or

Frozen at -35°C until solid and stored at -
20°C or below

-20°C for 7 days or

Below -35°C for 15 hours (in a blast
freezer)

-35°C or below (in a blast freezer) until
solid and hold at -20°C or below for 24
hours

For parasites (other than trematodes)

temperature in all parts of product to:

e -20°C or lower for no less than 24
hours, or

e -35°C or lower for no less than 15
hours.

For trematodes metacercariae of

Opisthorchis spp. and Clonorchis spp.:

e -10°C for 5 days

e -20°C for 3-4 days

e -28°Cfor 32 hours

-20°C for 7 days or

-35°C or below for 15 hours, or previously

frozen to -18°C for at least 4 days for

storage, transport and distribution

purposes.

Source

Alberta Health Services,
(2011)*

Nova Scotia Department of
Agriculture (2011)*

Manitoba Health (2013)*

BC Centre for Disease Control
(2010)*®

Canadian Food Inspection
System Implementation
Group, (2004)*’

Centre for Food Safety and
Applied Nutrition, Food and
Drug Administration (2011)°

Standing Committee on the
Food Chain and Animal
Health, (2011)*

Food Standards Agency
(2011)*
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Disclaimer

This document was developed by Public Health Ontario (PHO). PHO provides scientific and technical
advice to Ontario’s government, public health organizations and health care providers. PHO’s work is
guided by the current best available evidence.

PHO assumes no responsibility for the results of the use of this document by anyone.

This document may be reproduced without permission for non-commercial purposes only and provided
that appropriate credit is given to Public Health Ontario. No changes and/or modifications may be made
to this document without explicit written permission from Public Health Ontario.

For Further Information

Environmental and Occupational Health
Email: eoh@oahpp.ca

Public Health Ontario

Public Health Ontario is a Crown corporation dedicated to protecting and promoting the health of all
Ontarians and reducing inequities in health. Public Health Ontario links public health practitioners, front-
line health workers and researchers to the best scientific intelligence and knowledge from around the
world.

For more information about PHO, visit www.publichealthontario.ca.
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