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e the challenges facing developing countries.
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Abstract

This technical paper compiles the state of knowledge on seafood safety and quality
with the aim to provide a succinct yet comprehensive resource book to seafood quality
and safety managers, including topics on emerging issues such as new pathogens, the
impact of climate change on seafood safety, and the changing regulatory framework.

After introductory chapters about world fish production, trade, consumption and
nutrition, and about the developments in safety and quality systems, the technical paper
devotes a chapter to a detailed review of the hazards causing public health concerns in
fish and fish products, covering biological (pathogenic bacteria, histamine, viruses,
parasites and biotoxins), chemical (veterinary drugs, industrial organic contaminants,
environmental inorganic contaminants and allergens) and physical hazards. This is
followed by a chapter on seafood spoilage and quality issues, while a further chapter
covers the likely impact of climate change on seafood safety. The latter chapter focuses
on impacts on microbiological safety and on harmful algal blooms.

A further chapter provides a detailed coverage of the implementation and
certification of seafood safety systems covering risk mitigation and management
tools, with a detailed description of the requirements for the implementation of:
good hygiene practices and good manufacturing practices; the Hazard Analysis and
Critical Control Points (HACCP) system; and the monitoring programmes to control
biotoxins, pathogenic bacteria and viruses and chemical pollutants. It concludes with a
section on private labelling and certification schemes.

The subsequent chapter details the international framework, covering the World
Trade Organization, the Codex Alimentarius Commission, the FAO Code of Conduct
for Responsible Fisheries, and the World Organisation for Animal Health. It then
presents the regulatory frameworks governing seafood trade in the European Union
(Member Organization), the United States of America, Japan, Australia and New
Zealand.

Ryder, J., Karunasagar, I. & Ababouch, L., eds. 2014. Assessment and management
of seafood safety and quality: current practices and emerging issues. FAO Fisheries and
Aquaculture Technical Paper No. 574. Rome, FAO. 432 pp.
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1. Introduction

1.1 IMPORTANCE OF SEAFOOD SAFETY AND QUALITY (LAHSEN
ABABOUCH)

Today, food safety remains a major concern facing the seafood industry, and it is a
critical component in ensuring food and nutrition security worldwide. The production
and consumption of safe food are central to any society, and they have a wide range of
economic, social and, in many cases, environmental consequences.

The issue of seafood safety is even more important in view of the growth in
international fish trade, which has undergone tremendous expansion in the last
three decades, increasing from US$8 billion in 1976 to a record export value of
US$102.5 billion in 2010. Developing countries play a major role in international fish
trade. In 2010, their exports represented 49 percent (US$42.5 billion) of world fish
exports in value and 59 percent (31.6 million tonnes live weight equivalent) in volume.

The well-known food scares of “mad cow disease” and the “dioxin crisis”, and
other food safety problems, have forced control agencies to rethink food safety
strategies in recent decades, taking a value chain approach and introducing traceability
requirements.

In the new millennium, food production and distribution are globalized and even
more complex. The advent of emerging pathogens and the impacts of climate change on
food safety are adding to this complexity. The media and consumers have developed a
much greater interest in food safety issues owing to the continuing incidence of food
scares — recent major examples being:

e In Germany, a new strain of E. coli linked to bean sprouts infected more than
3 500 people and killed 53.

e In the United States of America, a Listeria outbreak resulted in 100 cases and
18 deaths, leading to recalls of about 5 000 freshly cut cantaloupes, while a
Salmonella outbreak linked to peanut butter resulted in more than 500 cases in
43 states and led to recalls worth US$1 billion.

e In China, official figures indicate that 6 babies died and 294 000 were made sick
from the intentional addition of melamine to various foodstuffs, mainly milk
and infant formulas.

The advent of the Hazard Analysis and Critical Control Points (HACCP) system in
recent decades has provided a single system that has now been adopted by international
bodies and trading countries and regions to control food safety. However, there are
important foundations to be put in place before implementing the HACCP system.
International organizations have defined the importance of so-called prerequisite
programmes, and this clearly differentiates the prerequisite programmes from the
HACCP system — something that is always not fully appreciated by processors in
many countries. Moreover, various bodies have defined what is required in these
“pre-HACCP” operations and, while there is overlap, they do differ. This lack of
a universally agreed set of operations prior to implementing HACCP has possibly
given rise to the lack of consistency in documentation and implementation of these
procedures when compared with the very structured approach offered by the 12 steps
of the HACCP system.

More recently, the International Organization for Standardization (ISO) has
developed the ISO 22000 family of standards on food safety management systems. It
takes the approach of ISO 9001 as a management system, and incorporates the hygiene
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measures of prerequisite programmes and the HACCP principles and criteria. In
2008, PAS 220:2008 was developed to cover what were seen to be shortcomings in the
prerequisite element of ISO 22000 at the time.

The frameworks for ensuring food safety in the international context are provided
by: (i) the World Trade Organization (WTO) under two binding agreements
(the Agreement on the Application of Sanitary and Phytosanitary Measures [SPS
Agreement] and the Agreement on Technical Barriers to Trade [TBT Agreement));
(i1) the Codex Alimentarius Commission (CAC) through various instruments, for
example, the Code of Practice for Fish and Fishery Products and the basics texts on
Food Hygiene; and (iii) the FAO Code of Conduct for Responsible Fisheries (the
Code), especially under Article 6 (General principles, provisions 6.7 and 6.14) and
Article 11 (Post-harvest practices and trade), both of which are of particular relevance
to fish trade, safety and quality.

The public health significance of seafood-borne illnesses depends on the likelihood
and the severity of the illness. The concept of “risk analysis” has become the method
for establishing tolerable levels of hazards in foods in international trade and, equally,
within national jurisdictions. In the current international food safety management
environment, the risk is expressed as “food safety objectives” in order to achieve what
is called an “appropriate level of protection” for populations.

For international fish trade, countries and regions have developed national and
regional regulations to control seafood entering or exiting their territories. As more
than 70 percent of seafood trade is destined to three main markets (the European Union
[Member Organization], the United States of America, and Japan), these markets are
important regulatory reference points.

The United States of America has a decentralized system for food safety and quality
regulation. There are no fewer than 17 federal government agencies involved in food
regulation. The two most important agencies are the Food and Drug Administration
of the Department of Health and Human Services, which regulates all food except
meat and poultry, and the Food Safety Inspection Service of the Department of
Agriculture, which is primarily responsible for meat and poultry. The recent Food
Safety Modernization Act of 2011 is now the guiding legislation for improved food
safety in the United States of America.

In the European Union (Member Organization), and as the result of a white paper
on food safety in 2000, the approach taken in the legislation is to separate aspects of
food hygiene from animal health and to harmonize food control across the member
countries of the European Union (Member Organization). A key aspect of the
legislation is that all food and feed business operators, from farmers and processors to
retailers and caterers, have principal responsibility for ensuring that food placed on the
market in the European Union (Member Organization) meets the required food safety
standards.

Japan has enacted the Food Safety Basic Law, a comprehensive law to ensure
food safety to protect the health of the public. In the wake of the development of the
basic law and other related laws, Japan has introduced a risk analysis approach to the
national food safety control programme work. The Food Safety Basic Law assigns
responsibility for risk assessment, and the Food Sanitation Law and other related laws
identify those responsible for risk management. The risk assessment is, in practice,
conducted by the Food Safety Commission established under the Food Safety Basic
Law.

While efforts in the major markets are focusing on a regulatory framework to ensure
the safety of consumers, there are implications for the major exporting markets in
the developing world. Developing countries have pointed to the challenge presented
by these national and regional safety and quality control regimes that vary from one
jurisdiction to the next. This multitude of approaches imposes significant costs on
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exporters in countries where there is limited capacity to develop comprehensive safety
and quality management systems and infrastructures, let alone several different systems
to meet diverse import market requirements. Although progress has been made in
terms of harmonization, in particular via the WTO and the CAC, it has been slow and
more work is required. The concerns expressed by developing countries in relation
to public regulation in importing countries are mirrored in their concerns related to
private standards for food safety.

Hence, there is a need for continued technical assistance and dissemination of
relevant information to developing nations to help them meet the ever-increasing
and more complex challenges posed by international markets. It is hoped that this
publication will assist governments and industry in developing countries to meet these
challenges.

1.2 WORLD SEAFOOD PRODUCTION, UTILIZATION, CONSUMPTION AND
TRADE (LAHSEN ABABOUCH AND JOHN RYDER)

1.2.1 Fisheries and aquaculture production

World fish production from capture fisheries and aquaculture is very significant for
global food security and food trade, providing an apparent per capita food fish supply
of 18.8 kg (live weight equivalent [LWE]) in 2011, which is the highest on record.
Total production consistently increased from 128 million tonnes in 2002 to 154 million
tonnes in 2011 (Table 1).

TABLE 1
World fisheries and aquaculture production and utilization, 2002-2011
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Million tonnes

PRODUCTION

Inland

Capture 8.4 8.6 8.7 9.4 9.8 10.1 10.2 10.4 11.2 1.1
Aquaculture 233 24.9 27.2 29.1 31.3 334 36.0 38.1 40.9 43.9
Total inland 31.7 335 35.9 38.5 411 43.4 46.2 48.5 52.1 55.0
Marine

Capture 82.6 79.7 84.1 83.1 80.4 80.7 79.9 79.6 77.7 82.4
Aquaculture 135 14.0 14.7 15.2 16.0 16.6 16.9 17.6 18.1 18.8
Total marine 96.2 93.7 98.8 98.2 96.4 97.3 96.8 97.2 95.9 101.2
TOTAL CAPTURE 91.0 88.3 92.7 92.5 90.2 90.7 90.1 90.0 89.0 93.5
TOTAL AQUACULTURE 36.8 38.9 41.9 44.3 47.3 49.9 52.9 55.7 59.0 62.7
TOTAL WORLD FISHERIES 127.8 127.2 134.6 136.8 137.5 140.7 143.0 145.7 148.0 156.2
UTILIZATION

Human consumption 100.5 103.6 106.7 109.8 114.5 117.7 1201 1240 127.8 131.8
Non-food uses 27.3 23.6 27.9 27.0 23.0 23.0 22.9 21.8 20.2 24.3
Population (billions) 6.3 6.4 6.4 6.5 6.6 6.7 6.7 6.8 6.9 7.0
Per capita food fish supply (kg) 16.0 16.3 16.6 16.9 17.4 17.7 17.8 18.2 18.5 18.9

Note: Fishery production data presented in the above table exclude the production for marine mammals, crocodiles,
corals, sponges, shells and aquatic plants.
Source: FAO Fisheries and Aquaculture Statistics and Information Branch (2013).

While fish production from wild capture fisheries has fluctuated over the years from
88 million to 93 million tonnes, the demand for fish and fishery products has continued
to rise. Consumption has more than doubled since 1973. The increasing demand has
been steadily met by a robust growth in aquaculture production, estimated at an
average annual growth rate of 8.5 percent in terms of volume in the period 1990-2005.
Consequently, global aquaculture production reached 64 million tonnes in 2011.
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1.2.2  Fish utilization
Because fish and seafood are perishable, they are often processed to conserve their
nutritional properties and prolong their shelf-life. It is estimated that more than
1 200 fish and seafood species are exploited commercially worldwide, with a wide
variation in appearance, taste and price, although their nutritional attributes are
broadly similar, particularly with reference to their protein content (OECD, 1995).

In the period 2002-2011, 100-131 million tonnes, representing on average more than
80 percent of yearly world fish production, were used for direct human consumption
(Table 1). The remaining 20 percent were destined for non-food products, in particular
for the manufacture of fishmeal and fish oil.

Figure 1 shows the evolution of the utilization of world fisheries and aquaculture
production between 1961 and 2010.

FIGURE 1
Utilization of world fisheries production (by weight), 1961-2010

Note: Fishery production data presented in the above figure exclude marine mammals, crocodiles, corals, sponges,
shells and aquatic plants.
Source: FAO Fisheries and Aquaculture Statistics and Information Service (2012).

In 2010, 40 percent of the fish destined for human consumption was in live and
fresh form, which can be the most preferred and highly priced product form (except
for high-value smoked fish). Sixty percent (88 million tonnes) of the world’s fish
production underwent some form of processing by freezing, curing, canning or
extraction of fishmeal and/or fish oil. Seventy-seven percent (68 million tonnes) of this
processed fish was used for direct human consumption in frozen, cured and prepared
or preserved form, and the rest for non-food uses.

Figure 1 shows that the proportion of fish marketed in live/fresh form worldwide
increased more significantly over the years compared with other products. Live/fresh
fish quantities increased from an estimated 18 million tonnes in 1980 to 28 million
tonnes in 1990, 47 million tonnes in 2000 and 60 million tonnes in 2010, representing an
increase in its share of total production from 25 percent in 1980 to 40 percent in 2010.
For longer shelf-life, freezing represents the main method of processing fish for food
use, accounting for 55 percent of total fish processed for human consumption in 2010,
followed by canning (26 percent) and curing (18 percent). In fact, the volume of fish
destined for curing has changed only marginally in the last 25 years. A similar trend
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is seen for fish destined for canning, which stagnated at about 11-12 million tonnes
for many years, albeit showing a greater increase in the period 20002010, going from
12 million to 18 million tonnes per annum.

Across the world, developing countries prepare and/or process a large volume,
estimated at 120 million tonnes, or about 80 percent of the global fish production in
2010, of which 49 percent, representing 56 percent of their fish food utilization, was
utilized as fresh/live, whereas developed countries used frozen fish most, 43 percent
of their total fish utilization and 56 percent of their fish food. By comparison, the
share of frozen products was 20 percent of their total fish utilization (24 percent of
fish food) in developing countries, although in absolute terms it was almost double
that in developed countries by volume. Fish curing and the production of fishmeal
and fish oil is mostly done in developing countries, whereas canning is significant in
both developed and developing countries, although greater volumes are canned in
developing countries (Figure 2).

However, in many developing countries with hot climates, quality deterioration and
significant post-harvest losses occur because of inadequate use of ice, poor access to
roads and electricity, and inadequate infrastructure and services in physical markets.
Market infrastructure and facilities are often limited and congested, increasing the
difficulty of marketing perishable seafood. This, together with well-established
consumer habits, explains why fish production is utilized in such countries mainly in
live/fresh form or processed by smoking, drying or fermentation. Given the limited
cold chain in many developing countries and the large volumes distributed as fresh fish,
it is likely that their quality and nutritional benefits deteriorate before consumption.
Likewise, fish destined for curing are, in several developing countries, often made of
unsold or substandard-quality fresh fish, with the same negative consequences on
quality and nutritional benefits. This highlights the increasing need for improved
appropriate and cost-effective technologies to preserve fish quality and nutritional
benefits in developing countries.

FIGURE 2
Utilization of world fisheries production (breakdown by process), 2010

Note: Fishery production data presented in the above figure exclude marine mammals, crocodiles, corals, sponges,
shells and aquatic plants.
Source: FAO Fisheries and Aquaculture Statistics and Information Service (2012).
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In terms of products, the utilization and processing of fish production have
diversified significantly in the last two decades, fuelled by changing consumer
tastes and advances in technology, packaging, logistics and transport. These changes
have included improvements in storage and processing capacity, together with
major innovations in refrigeration, ice-making, food-packaging and fish-processing
equipment. Modern vessels now incorporate improved equipment and are able to stay
at sea for extended periods. This has permitted the distribution of more fish in live
or fresh form. Moreover, improved processing technology enables higher yields and
results in more fish food from the available raw material.

The practice of outsourcing processing is increasing significantly, its extent
depending on the species, product form, and cost of labour and transportation. For
example, whole fish from European and North American markets are sent to Asia
(China in particular, but also India and Viet Nam) for filleting and packaging, and
then re-imported, although these trends are slowing or even reversing in some cases.
In Europe, smoked and marinated products are being processed in Central and Eastern
Europe, in particular in Poland and in the Baltic countries. European shrimp is peeled
in North Africa, and European or American tuna is canned in many African and Latin
American countries. The further outsourcing of production to developing countries is
restricted specifically by certification requirements, especially sanitary requirements,
which can be difficult to meet.

Finally, about 13 percent of world fish production was used for non-food products
in 2010, with the bulk (about 70 percent) being converted into fishmeal and fish oil.
The remainder, mainly consisting of low-value fish, is largely utilized as direct feed
in aquaculture and livestock. In 2009, the quantity of fish used as raw material for
fishmeal was about 17.9 million tonnes, down 20 percent from 2005 and well below
the peak levels of more than 30 million tonnes recorded in 1994. The bulk of the fish
products used for non-food purposes came from natural stocks of small pelagics. The
decrease in fishmeal production in the past decade has been irregular, its considerable
fluctuations mainly reflecting annual variations in catches of small pelagics, especially
anchoveta.

1.2.3 Fish consumption

Fish 1s highly nutritious, rich in micronutrients, minerals, polyunsaturated fatty acids
and proteins, and represents a valuable supplement in diets lacking these nutrients,
essential vitamins and minerals. In many countries, especially developing countries, the
average per capita fish consumption may be low, but, even in small quantities, fish can
significantly improve the quality of dietary proteins by complementing the essential
amino acids that are often present only in low quantities in vegetable-based diets.

In the past four decades, fish consumption has undergone major changes. World
apparent per capita fish consumption has increased steadily, from an average of 9.9 kg
in the 1960s to 14.4 kg in the 1990s and 18.8 kg in 2011 (Table 1). However, there are
large variations across countries and regions of the world, reflecting different eating
habits and traditions, availability of fish and other foods, prices, socio-economic levels,
and seasons. As a consequence, per capita apparent fish consumption can vary from less
than 1 kg in one country to more than 100 kg in another. Differences are also evident
within countries, with consumption usually higher in coastal areas.

Of the 124 million tonnes available for human consumption in 2009!, consumption
was lowest in Africa (9.7 million tonnes, with 9.7 kg per capita), while Asia accounted
for two-thirds of total consumption, including 43.2 million tonnes consumed outside
China (15.5 kg per capita), and 42.8 million tonnes in China alone (32.1 kg per capita).

! FAO Food Balance Sheets of fish and fishery products, Statistics and Information Service of the Fisheries
and Aquaculture Department, August 2013.
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The corresponding figures for Oceania, North America, Europe and Latin America
and the Caribbean were 24.5, 22.0, 22.2 and 9.8 kg per capita, respectively.

The contribution of aquaculture to fish food supply has increased significantly to
reach 48 percent in 2011, up from a mere 6 percent in 1970. This trend is projected to
continue, with the contribution of aquaculture to fish food supply estimated to reach
60 percent by 2020, if not before.

Aquaculture production is pushing the demand for and the consumption of several
freshwater species, such as tilapia and catfish (including Pangasius species) as well as
for high-value species, such as shrimps, salmon and bivalves. Since the mid-1980s, these
species have shifted from being primarily wild-caught to being primarily farmed, with
a decrease in prices and a strong increase in commercialization. Aquaculture has also
had a major role in terms of food security in several developing countries, particularly
in Asia, with significant production of low-value freshwater species such as carps,
mainly for domestic consumption (De Silva, 2008).

1.2.4.  Fish trade

Total world trade of fish and fishery products has undergone tremendous development
in the last three decades, increasing from a mere US$8 billion in 1976 to US$126 billion
in 2011 (Figure 3).

A specific feature of the trade in fish is the wide range of product types and
participants. In 2006, 194 countries reported exports of fish and fishery products,
of which 97 were net exporters. Export value expanded at an average annual rate of
5 percent in the period 1996-2008, although 2009 saw a decline with a rebound in
2010/11.

FIGURE 3
Fish exports by value, 1976-2011

Note: Fishery production data presented in the above figure exclude marine mammals, crocodiles, corals, sponges,
shells and aquatic plants.
Source: FAO Fisheries and Aquaculture Statistics and Information Service (2012).

Developing countries play a major role in international fish trade. As shown in
Figure 3, the shares of export value between developed and have remained fairly equal
over the years. In 2006, exports from developing countries represented 49 percent
(US$42.6 billion) of world fish exports in value and 59 percent (31.6 million tonnes



Assessment and management of seafood safety and quality - current practices and emerging issues

LWE) in volume. In 2009, the share of developing countries in total fishery exports
was, for the first time, more than 50 percent by value (50.5 percent) and this rose to
53 percent in 2011. An important share of developing country exports consists of
fishmeal (typically about 35 percent by quantity, but only 5 percent by value). Similarly,
they contributed about 70 percent in volume of world non-food fishery exports
and have been significantly increasing their share of fish export volumes destined
for human consumption. Developing countries rely on the markets of developed
countries, not only as outlets for their exports, but also as suppliers of their imports
for local consumption (mainly low-priced, small pelagics as well as high-value fishery
species for emerging economies) or for their processing industries. In recent years, in
value terms, about 40 percent of fish imports by developing countries have originated
from developed countries. In fact, because of outsourcing, several developing countries
are importing increasing quantities of raw material for further processing and re-export
to developed countries. Likewise, fishery exports of developing countries are gradually
evolving towards further value-added products and high-value live fish.

Viet Nam became the fourth major exporter of fish and fishery products in 2008
(after China, Norway and Thailand). In value terms, shrimp continues to be the
most important commodity traded, accounting for 15.0 percent of the total value of
internationally traded fish products in 2009, followed by salmon and trout with a share
of 14.0 percent. A decade ago, the respective shares were 20 percent and 10 percent.
Even if the trade statistics collected by countries do not distinguish between the
farmed or wild origin of the fishery species, it is evident that aquaculture is having an
increasing relevance in traded products.

Net export revenues of fish and fish products (i.e. the value of fish exports minus
the value of fish imports) are particularly important for many developing countries,
being higher than those of many other agricultural commodities such as rice, meat,
sugar, coffee and tobacco (Table 2). The net exports of fish have increased significantly
in recent decades, growing from US$10.2 billion in 1990 to US$18.3 billion in 2000 and
US$28.2 billion in 2010.

TABLE 2

Net exports of selected agricultural commodities by developing countries
Commodity Net exports of developing countries in US$ billions

1990 2000 2010

Fish 10.2 18.3 28.2
Coffee 6.4 7.5 14.8
Natural rubber 2.1 1.9 10.2
Cocoa 2.4 1.8 6.8
Sugar 2.6 0.5 4.0
Banana 2.2 2.2 3.7
Tea 1.2 1.1 2.8
Tobacco 0.4 -0.5 1.2
Rice -0.7 -0.6 0.1
Meat -0.3 -2.2 -2.1

World imports of fish and fish products reached a new record of US$108 billion
in 2008, up 95 percent since 1998. However, that figure dropped to US$100 billion
in 2009. With stagnant domestic fishery production and growing demand, developed
markets rely on imports and/or on aquaculture to cover a growing share of internal
consumption. In total, developed countries accounted for 80 percent of imports in
terms of value but only 62 percent in terms of quantity, indicating the higher unit value
of products imported by developed countries, with Japan, the United States of America
and the European Union (Member Organization) being the leading importers.
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About 50 percent of the import value of developed countries originates from
developing countries. At present, the main obstacles to increased exports from
developing countries are stringent and increasing requirements for food safety, animal
health, environmental and social standards. This has led to the emerging dominance
of large retail and restaurant chains that increasingly impose private standards and
labels on suppliers, making it more difficult for small-scale fish producers to enter
international markets.

1.3 FISH IN NUTRITION AND HEALTH (DAVID JAMES)

The contribution of fish to overall food security is increasingly being recognized, both
as a source of fish as food and as income to support sustainable livelihoods. Fisheries
also create jobs as well as contribute to economic growth and development.

Less highlighted is the crucial role that fish and fishery products play in nutrition
and as a source of nutrients of fundamental importance not readily found in other
foods. Seafood provides high-quality protein, minerals, essential trace elements,
fat-soluble vitamins (vitamin D) and essential fatty acids, particularly long-chain
n-3 polyunsaturated acids (LCn3PUFAs). Although most of these nutrients can be
obtained from other sources, seafood is a palatable and convenient source.

From a protein consumption perspective, fish accounts for 16.6 percent of the
global population’s intake of animal proteins and 6.4 percent of all proteins consumed.
Globally, fish provides about 2.9 billion people with almost 20 percent of their average
per capita intake of animal protein, and 4.2 billion people with 15 percent of such
proteins.

From a human health perspective, there is convincing evidence — from extensive
prospective cohort studies and randomized trials in humans, together with supportive
retrospective, ecological, metabolic and experimental animal studies — that seafood
consumption reduces the risk of death from coronary heart disease and that
consumption by women reduces the risk of suboptimal neurodevelopment in their
offspring. These benefits are attributed to two specific LCn3PUFAs: eicosapentaenoic
acid (EPA) and docosohexaenoic acid (DHA).

However, along with the benefits, there are attendant risks in terms of food-borne
disease, infestation with parasites or dangerous levels of toxic substances (e.g. biotoxins,
heavy metals or dioxins). It is a fact that life is not risk-free, and the recognition by
food safety agencies that this applies also to food supply has introduced a fundamental
change in the approach to the safety and quality of the food chain. Indeed, this
publication introduces and explains, in depth, a risk-based inspection system for
controlling the safety and quality of the seafood supply. The concept of risk analysis
can also be extended to a qualitative, or a quantitative, evaluation of the benefits and
risks of seafood consumption.

As a result of the increasing debates, well reported in the media, on how much fish
should be eaten and by whom, or even if fish should be eaten at all, the CAC requested
FAO and the World Health Organization (WHO) to organize an expert consultation
on the risks and benefits of fish consumption in an attempt to balance the equation by
the application of sound science. The request was specifically for a comparison of the
health benefits with the health risks associated with the contaminants methylmercury
and dioxins. Seventeen international experts in the fields of nutrition and toxicology,
supported by resource persons, met in Rome in January 2010 to discuss the issues and
produced a comprehensive report (FAO/WHO, 2011a). The significant conclusions
were:

e Among the general adult population, consumption of fish, particularly
fatty fish, lowers the risk of mortality from coronary heart disease. There
is an absence of probable or convincing evidence of risk of coronary heart
disease associated with methylmercury. Potential cancer risks associated with
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dioxins are well below established coronary heart disease benefits from fish
consumption.

®  When comparing the benefits of LCn3PUFAs with the risks of methylmercury
among women of childbearing age, fish consumption lowers the risk of
suboptimal neurodevelopment in offspring compared with the offspring of
women not eating fish in most circumstances evaluated.

The experts went on to develop a methodology for a quantitative risk-benefit
comparison that could be extended to cover other situations where sufficient
experimental data are available — the expert consultation also called for the creation
of international databases on seafood composition. The methodology could also be
extended to the presentation of other risk—benefit comparisons in graphic form as an
aid to risk—benefit communication.

In the first case, they compared the benefits from LCn3PUFA intake on
neurodevelopment in the offspring of mothers consuming fish in terms of intelligence
quotient (IQ) points gained, with the risks of loss of IQ points from methylmercury
intake. The second comparison was of changes in mortality from consuming fish with
different LCn3PUFA and dioxin contents in terms of lives lost through dioxin-induced
cancers with lives saved by reduction in coronary heart disease. Both scenarios strongly
support the benefits of fish consumption under almost all circumstances, except where
the contaminant levels are excessive or the LCn3PUFA content is very low.

Tables 3 and 4 illustrate the approach taken by the expert consultation. The example
in Table 3 is based on data from Europe, North America and Japan and shows the
species categorized by LCn3PUFA and total mercury content. Cells shaded yellow
indicate fish species that might pose a net risk if consumed four times a week, the
remaining species pose no risk if consumed four times a week. A similar table could be
developed and adapted to other regions as a tool to provide advice to populations on
fish consumption.

TABLE 3
Classification of the content of LC-PUFAs (EPA + DHA) by total mercury content in various finfish and shellfish

EPA + DHA concentration

Less than 3 mg/g

Between 3 and 8 mg/g

Between 8 and 15 mg/g

Greater than 15 mg/g

Mercury concentration

Fish: butterfish;
catfish; Atlantic cod;
Pacific cod; Atlantic
croaker; haddock;
pike; European plaice;

Fish: flatfish; John
Dory; perch, ocean
and mullet; sweetfish;
wolf fish

Shellfish: mussels;

Fish: redfish; Atlantic
salmon, (wild); Pacific
salmon, (wild); smelt

Shellfish: crab, spider;
swimcrab

Fish: anchovy;
herring; mackerel;
rainbow trout;
Atlantic salmon,
(farmed); sardines;

lless than p_?llo_ck; saithe; sole; squid sprat
0.1 pug/g tilapia Fish liver: Atlantic
Shellfish: clams; cockle; cod, (liver); saithe
crawfish; cuttlefish; (liver)
oysters; periwinkle; _
scallops; scampi; sea ?k?reclwahrﬁceraatk))
urchin; whelk
Fish: anglerfish; Fish: bass, freshwater;  Fish: bass, saltwater; Fish: eel; mackerel,
catshark; dab; carp; perch, bluefish; goatfish; Pacific; sablefish
grenadier; grouper; freshwater; scorpion Atlantic halibut,
gurnard; hake; fish; tuna; tuna, (farmed); Greenland
ling; lingcod and albacore halibut; mackerel,
scorpionfish; Nile perch; _— . horse; Spanish
0.1-0.5 pg/g pout; skate/ray; snapper, IShsILf|sthrab, . mackerel; seabass;
porgy and sheepshead; Iobste:, oirxvay, seabream; Atlantic
tuna, yellowfin; tusk; obsters, spiny tilefish; tuna, skipjack
whiting
Shellfish: lobster;
American lobster
Fish: marlin; orange Fish: mackerel, king; Fish: alfonsino Fish: Pacific tuna,
0.5-1 pg/g

roughy; tuna, bigeye

shark

bluefin

Greater than
1u9/9

Fish: swordfish

Note: Cells shaded grey indicate fish species that might pose a net risk if consumed four times a week, the remaining species pose
no risk if consumed four times a week.
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As another example, Table 4 shows IQ points lost and gained by a child as a result
of fish consumption by the mother during pregnancy, when four servings of 100 g
each are consumed per week. The numbers in the upper row in each cell are estimates
of IQ points lost from methylmercury exposure, with the lower value of the two
numbers based on the central estimate, and the higher value calculated using a more
conservative value, the upper-bound estimate. The numbers in the lower row in each
cell are estimates of IQ points gained from the mother’s consumption of DHA. The
maximum positive effect from DHA on IQ was estimated at 5.8 points. Cells shaded
yellow represent the estimates where the net effect on child IQ, using the upper-bound
estimate for methylmercury, is negative. If the central estimate for methylmercury
is used, the net effect on child IQ will be positive for all species consumed even at
frequencies of more than seven times a week.

TABLE 4
1Q points lost and gained by a child as a result of fish consumption by the mother during
pregnancy, when four servings, of 100 g each, are consumed per week

EPA + DHA concentration

4 servings per Less than 3 / Between 3 and Between 8 and Greater than
week €ss than 3 mg/g 8 mg/g 15 mg/g 15 mg/g
Median 2 5.5 115 20
lessithan 0.05 -0.08, -0.31 -0.08, -0.31 -0.08, -0.31 -0.08, -0.31
0.1 ug/g +3.1 +5.8 +5.8 +5.8
0.1-0.5 ua/ 0.3 -0.48, -1.9 -0.48, -1.9 -0.48, -1.9 -0.48, -1.9
.1-0.5p
2 99 +3.1 +5.8 +5.8 +5.8
o
?é'g Between 0.75 -1.2, -4.7 -1.2,-4.7 -1.2, -4.7 -1.2,-4.7
ES 0.5-1 pg/g +3.1 +5.8 +5.8 +5.8
BE  Greaterthan 1.5 -2.4,-93 -2.4,-93 -2.4,-93 -2.4,-93
=8 L
na/g +3.1 +5.8 +5.8 +5.8

Note: Cells shaded grey represent the estimates where the net effect on child 1Q, using the upper-bound estimate
for methylmercury, is negative.

This expert consultation provided some evidence-based guidance on seafood
consumption and provided methodologies that can be adopted in all parts of the world,
given an availability of the appropriate data; hence, the call for international databases
on seafood composition to be more widely developed.






2. Developments in food safety
and quality systems (Lahsen
Ababouch and Iddya Karunasagar)

2.1 HISTORICAL BACKGROUND

Evidence from early historical writings dating back to ancient Assyrian, Egyptian,
Greek and Roman times indicates that governing authorities were already concerned
with food control and consumer protection. For example, the Romans had a well-
organized state food control system to protect consumers from frauds and bad
produce. Likewise, in Europe during the Middle Ages, individual countries passed
laws concerning the quality and safety of various foods. A major change took place in
Europe following the industrial revolution in the nineteenth century. The associated
demographic changes resulting from urban development created a massive demand
for food that could be processed and stored. This was the start of the modern food
processing industry. In the early days, there were many examples of food adulteration,
leading to demands for a more systematic system of food control.

As a result, in the latter part of the nineteenth and early part of the twentieth
century, important developments in food safety and quality were achieved. These
were mainly stimulated by the discovery of microbiology and of major developments
in food chemistry. Several studies linked specific agents to epidemics of diseases and
documented routes by which these agents can be transmitted to humans, including
through foods and water (Gorham, 1970). This enabled major advances in public health
to significantly reduce the burden of a number of devastating epidemic diseases.

These achievements were consolidated further during the second part of the
twentieth century to accompany the rapid developments and progress in many
developed countries in food production, preservation and distribution.

While, in the 1950s, many countries were primarily concerned with securing supply
to overcome post-war scarcity, the 1960s was a decade of change with the expansion of
modern techniques for processing, preservation, packaging, storage and distribution.
This introduced new food safety challenges and required improved hygiene and food
control.

In the 1970s, farmers relied to a greater extent on pesticides to protect crops, and
additives and flavouring agents integrated the food chain, as localized production
declined and large-scale food manufacture grew. These chemicals needed to be
regulated and proper enforcement of the regulations was required.

In the 1980s, globalization of food trade took off, with more food products crossing
national and continental borders. At the same time, several food scares, caused by
bacteria (e.g. Salmonella) and chemical contamination (e.g. mycotoxins), increased the
importance of food safety as an issue of major public concern.

This concern was exacerbated in the 1990s because of “mad cow disease” and the
“dioxin crisis”, which forced regulators to revise food safety strategies — integrating
the various components of the value chain and introducing traceability requirements.

In the first decade of this millennium, food production and distribution became
more globalized and complex, market choices grew even wider, other food scares
emerged globally, and the media and consumers developed greater interest in food
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safety, ethical practices, and the environmental and social impacts of food production
and distribution.

In parallel, further globalization of supply chains, vertical integration through the use
of direct contracts between suppliers and retailers and the expansion of supermarkets
in food retailing, both nationally and internationally, has led the retail sector to adopt
various private standards and certification schemes. This responds to the increasing
influence and concerns of civil society related to health, social and environmental issues
of fisheries and aquaculture. By so doing, the retail sector hopes to address the legal
requirements of companies to demonstrate “due diligence” in the prevention of food
safety risks, to attend to the growing need for “corporate social responsibility” and to
minimize “reputational risks”.

The developments in food production, preservation and distribution that have
taken place in the last 60 years have required advances and parallel developments in
food engineering, science, technology, safety and quality. Better knowledge of the
composition of foods, the functionality of their major and micro constituents and
nutrients, their quality, quality changes and associated hazards and the advent of more
sensitive and rapid analytical methods have enabled the development of various safety
and quality systems and better characterization of foods and their risk categories.
Expansion of the food industry and food distribution systems across borders and
continents has required the development of quality assurance systems to support
business-to-business contractual agreements and verification of conformity of food
supplies with the specifications. At the same time, the development of bilateral,
regional and multilateral trade agreements has brought about changes in national and
supranational food control systems to harmonize requirements and procedures. A
major breakthrough came about with the creation of the WTO and the enactment of
two international agreements on SPS measures and on TBT. These two agreements
established the need to develop SPS measures based on science, in particular assessment
of risk, and to promote international harmonization and equivalence of food standards
and control systems to facilitate food trade.

Concurrently, government and industry, in collaboration with academia and
research institutions, worked on the development of codes of good agriculture,
hygienic and manufacturing practices and preventive food safety and quality systems.
The food control authorities concentrated their efforts on the inspection of facilities
and practices (to ensure adherence to established codes) and on end-product testing to
confirm safety of the products and identify the risks. However, industry was ahead of
food control agencies in applying more preventive systems. For example, the HACCP
system was initiated and adopted by industry in the 1970s, but it was only in the 1990s
that most of the food control agencies adopted it into their regulatory framework, and
enforcement of regulatory HACCP implementation became effective only in the late
1990s.

Most importantly, the efforts of the industry and food control authorities were
not harnessed in a synergistic way until the event of regulatory HACCP food control
systems. Much still needs to be done in this respect to promote complementary
systems that will enable the control and prevention of food safety hazards at source
along the supply chain and decrease the reliance on end-product sampling and testing.

2.2 TRADITIONAL SAFETY AND QUALITY CONTROL

As stated above, food safety and quality control programmes have been based on
establishing effective hygiene control and monitoring performance. In the past,
confirmation of safety and quality was achieved by end-product testing. Control of
hygiene was by inspection of facilities to assess adherence to established and generally
accepted codes of good hygiene practice (GHP) and of good manufacturing practice

(GMP).
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Traditional Quality Control
Codes of GHP/GMP
Inspection of facilities and operations
End-product testing

Codes of GHP/GMP and inspection of facilities and operations are still the basis
of food hygiene. End-product testing relies on sampling products and subjecting them
to testing for safety and quality attributes. The number, size and nature of the samples
taken for analysis greatly influence the reliability of the results. In some instances, it is
possible for the analytical sample to be truly representative of the “lot” sampled. This
applies to liquids such as milk and water that are usually thoroughly mixed. However,
in cases of lots or batches of food, this is not the case, and a food lot may easily consist
of units with wide differences in (microbiological) quality. Even within the individual
unit (i.e. a retail pack), the hazard (i.e. the presence of pathogens) can be very unevenly
distributed and the probability of detection may be very low.

An attributes sampling plan is based on assessment of the number of samples that
satisfy some criterion or attribute of the product, e.g. absence of Salmonella in 25 g of
product, or that the number of L. monocytogenes is < 100 colony forming units (cfu)/g,
or that histamine levels are < 20 parts per million (ppm). Such a plan is characterized
by three elements: 7 (the number of sample units drawn), ¢ (the maximum allowable
number of samples that exceed the criterion) and m the criterion, or attribute, that
is being assessed. Thus, in a two-class attributes sampling plan, each sample unit is
classified as either “acceptable” or “non-acceptable”. In many cases, the presence of
a pathogen (e.g. Salmonella) in a specified volume of material sampled from the lot
(e.g. 25 g) would be unacceptable. In other cases, m is a number of colony forming
units, or other measure of cell density, that differentiates an acceptable from an
unacceptable result. The two-class sampling plan will reject a “lot” if more than ¢ out
of n samples tested exceed the criterion or attribute.

In a three-class sampling plan, a fourth element is considered, termed M. M is
usually a numerical limit that, if exceeded in any sample, causes the entire lot to be
rejected. M is always higher than m. In three-class plans, samples with microbial loads
in excess of m but less than M are considered to be of “marginal” quality or safety.
Figure 4 shows both types of sampling plans.

In addition to diverting important resources, end-product sampling and testing
presents many shortfalls, not the least giving a sensation of “being in control” and
creating a strong but false sense of security. For example, depending on the sampling
plan used for inspecting a lot, the probability of acceptance of the lot will depend on
the percentage of defective units in the lot, on the number of samples drawn (1) and
the maximum allowable number of defective samples (c). Assuming a lot with 1 percent
defective units, a sampling plan with ¢ = 5 and # = 0, the probability of accepting the
lot is P = C% (0.99) (0.01)° = (0.99) = 0.951.

Table 5 was constructed using the same method of calculation for different
combinations of percentage defective, n and c¢. It shows that testing of foods offers
very little protection even when large numbers of samples are drawn. With 1 percent
defective units in the lot, drawing 60 samples, which is usually not feasible on a
lot-by-lot basis and not economical for destructive sampling, yields a probability
of acceptance equal to 54.7 percent. Assuming 100 lots of 10 000 units each, thus
100 defective units in each lot, even with a sampling plan of 7z = 60 and ¢ = 0, more
than 54 lots will be accepted because no defective units will be found in their samples
of 60 each. To decrease the probability of acceptance, more than 3 000 or 5 000 units
would need to be sampled and tested in order to detect a 1 percent defect rate with
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TABLE 5

95 percent or 99 percent probability (to accept the lot with 5 percent or 1 percent
probability).

FIGURE 4
Two- and three-class attribute plans

Notes: The figure on the left represents a two-class sampling scheme in which the attribute, or criterion, (m) is whether
the samples exceed 1 cell per 10 g or not. The distributions of log(cell numbers) in two lots is shown, one (solid line)
with an average concentration of -1.0 + 0.8 (SD) log(cfu/g) and one (dotted line) with an average contamination of
—-2.5 £+ 0.8 (SD) log(cfu/g). In the figure, the shaded area shows the proportion of the samples that would be expected
to exceed the criterion, and that a greater proportion of the —1.0 + 0.8 (SD) log(cfu/g) distribution will exceed the
criterion. The figure on the right depicts the same distributions with a three-class sampling plan applied in which
samples that exceed m are considered marginally acceptable, while samples that exceed M are considered totally
unacceptable. Usually, if any sample exceeds M, the lot, as a whole, fails.

Source: Based on ICMSF (2002).

Effect of lot quality (percentage defective in a lot) on the probability of acceptance for different two-class
sampling plans (based on EC, 1998)

Probability of acceptance (%) given sampling plans with a total of n samples when none of

Periea':::lg;‘::fli‘;ﬁ"e the samples is permitted to test “positive” (i.e. when c = 0)
n=1,c¢c=0 n=5.¢=0 n=10,c=0 n=60,c=0
1 99.0 95.1 90.4 54.7
98.0 90.4 81.7 30.0
5 95.0 77.4 59.9 4.6
10 90.0 59.1 34.9 0.18
20 80.0 32.8 10.7 0.00015

Source: Based on EC (1998).

Consequently, even the most elaborate sampling and testing of end product,
although unrealistic and uneconomical for routine testing, cannot guarantee safety of
the product. There is no way to avoid some degree of risk and error in each acceptance
and each rejection of lots unless the entire lot is tested, in which case no edible food
will be left for sale.

Furthermore, when the distribution of contaminants in units is heterogeneous, the
probability of detection is even lower (Table 6).
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TABLE 6
Detection probabilities for end-product testing (presence/absence) of 25 g samples of milk
powder contaminated with Salmonella

Number of random

Contamination rate Probability of detection’

samples
Homogenously 5 cells’kg 10 73%
contaminated 1 cell/kg 10 22%
Heterogeneously 5 cells’/kg in 1% of batch 10 <2%
contaminated 104 cells/kg in 1% of batch 10 <15%

T Assuming detection test is 100 percent effective (most methods are < 90 percent accurate).
Source: Mortimore and Wallace (1998).

In this example, with a contamination rate of Salmonella at 5 cells/kg and assuming

the contamination is restricted to 1 percent of the batch, the probability of detecting
the hazard by taking 10 samples of 25 g would be lower than 2 percent. If the
contamination with Salmonella is homogeneously distributed at the same rate, the
probability of detection would increase to 71 percent.
Table 5 shows that lot testing is not effective when defect rates are required to be low.
In practice, a product safety defect rate of 1 percent would be absolutely intolerable
in many food operations. Potentially, it represents 10 000 unsafe units per 1 million
units manufactured. To detect this rate of contamination, however, 298 units would
need to be sampled and tested to have 95 percent confidence that the contamination
frequency was below 1 percent, and more than 459 samples must be tested and all
found “negative” be to be 99 percent confident.

It is evident that even the most elaborate sampling scheme and testing of end
product cannot guarantee the safety of that product. There is no way to avoid some
degree of error in acceptance or rejection of lots unless the entire lot is tested, in which
case no edible food will be left.

2.2.1 Limitations of end-product testing — an example from the canning
industry

A more illustrative example regarding the limitations of end-product sampling and
testing is provided by the seafood canning industry (Ababouch, 2002). Canned
seafoods are characterized by a pH > 4.6 and a, > 0.98. Foods with a pH greater
than 4.6 are called “low-acid canned foods” (LACFs), for which the micro-organism
of major concern is Clostridium botulinum because of the deadly neurotoxin it can
produce in foods. Some strains of C. botulinum produce spores that are the most heat
resistant of all pathogenic micro-organisms. Consequently, the fish canning industry
must rely on thermal processes sufficient to ensure the lowest possible probability of
survival of C. botulinum spores so as to present no significant health risk to consumers.
Experience has shown that the minimum heat process necessary to preserve an LACF
should enable the reduction of the most heat resistant C. botulinum spores to 102 of its
initial count. This is known as the botulinum cook or the 12D concept (Stumbo, 1973;
Pflug, 1980), where D is the thermal reduction time or the time necessary to inactivate
90 percent of a given microbial population by heating at a constant temperature.

Stumbo (1973) reported that it is probably safe to assume that on the average,
resistant C. botulinum spores contaminate foods at a rate of no more than one spore
per container. Thus, a thermal process based on the 12D concept should achieve a
probability of survival of one spore in one of one trillion containers. In other words,
the probability for one container to be non-sterile is equal to 102, i.e. one can in one
trillion cans contains a viable spore of C. botulinum.

Because of this very low target probability of survival of C. botulinum spores in
thermally preserved products, sampling and examining end products is not reliable to
ensure product safety. Indeed, it is impossible to verify in a production lot that the
probability for any one container to be non-sterile is < 102 Table 7 shows that the



18

Assessment and management of seafood safety and quality - current practices and emerging issues

TABLE 7

probability of finding at least one container that is not sterile in a random sample of
size n is a function of 7 and of the percentage of non-sterile containers in the lot of
processed containers.

Probability of finding at least one container non-sterile in a sample of size n

Percentage of non-sterile

containers in lot Number of units in random sample
10 20 50 100 500 1000 10.000
0.001 0.000100 0.000200 0.000500 0.001000 0.004988 0.0098850 0.095164
0.002 0.000200 0.000400 0.001000 0.001998 0.009950 0.019802 0.181271
0.005 0.000500 0.001000 0.002497 0.004988 0.024691 0.048772 0.393477
0.01 0.001000 0.001998 0.004988 0.009951 0.048773 0.095167 0.632139
0.02 0.001998 0.003992 0.009951 0.019803 0.095172 0.181286 0.864692
0.05 0.004989 0.009953 0.024696 0.048782 0.221248 0.393545 0.993270
0.1 0.009955 0.019811 0.048794 0.095208 0.393621 0.632305 0.999955
0.2 0.018921 0.039249 0.095253 0.181433 0.632489 0.864935 1.000000
0.5 0.048890 0.095390 0.221687 0.394230 0.918428 0.993346 1.000000
1.0 0.095618 0.182093 0.394994 0.633968 0.993430 0.999957 1.000000
2.0 0.182927 0.332392 0.635830 0.867380 0.999959 1.000000 1.000000
5.0 0.401263 0.641514 0.923055 0.994079 1.000000 1.000000 1.000000
10.0 0.651322 0.878423 0.994846 0.999973 1.000000 1.000000 1.000000

Source: Pflug (1980).

For example, if this percentage is 0.01 percent (10, the probability of finding one
non-sterile container in a sample of 10 000 containers is only 0.63. This probability,
based on a Poisson distribution, is very low (0.095) for a percentage of non-sterile
containers equal to 0.001 percent (10°), and almost nil for a percentage equal to
0.0001 percent (10°) or less, not to mention that it is not feasible to draw and analyse
a sample of 10 000 containers. In light of these data, it is legitimate to question the
soundness of end-product sampling and analyses as requested by some food inspection
authorities around the world. Not only it is not reliable, but most worrying is the fact
that it could falsely infer commercial sterility (Ababouch, 2002).

2.3 SO WHAT WORKS?

Consequently, to ensure high levels of food safety and consumer protection, it is
imperative to rely on an approach that prevents the hazard from entering the supply
chain at the source or reduces its likelihood to acceptable levels, reflecting proper
application of codes of practices, control and corrective measures.

While there is growing evidence that the implementation of HACCP-based systems
have contributed to improving fish safety and quality, there has been a growing
awareness of the importance of an integrated, multidisciplinary approach to safety and
quality, considering the entire fish food chain. The food chain approach is recognition
that the responsibility for the supply of food that is safe, healthy and nutritious is
shared along the entire food chain — by all involved with the production, processing,
trade and consumption of food.

In fisheries and aquaculture, there are five broadly defined needs on which a strategy
in support of the food chain approach to food safety should be based:

o Fish safety and quality from a food chain perspective should incorporate the
three fundamental components of risk analysis (assessment, management
and communication) and, within this analysis process, there should be
an institutional separation of science-based risk assessment from risk
management — which is the regulation and control of risk.
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o Tracing techniques (traceability) from the primary producer (including animal
feed and medicines used during production), through post-harvest treatment,
processing and distribution to the consumer must be improved.

e Harmonization of fish quality and safety standards, implying increased
development and wider use of internationally agreed, scientifically based
standards, is necessary.

o Equivalence in food safety systems — achieving similar levels of protection
against fish-borne hazards and quality defects whatever means of control are
used — must be further developed.

e Increased emphasis on risk avoidance or prevention at source within the
whole food chain — from farm or sea to plate — including development and
dissemination of good aquaculture practices (GAPs), GMPs and safety and
quality assurance systems, i.e. HACCP, are necessary to complement the
traditional approach to fish safety and quality management based on regulation
and control.

The implementation of the food chain approach requires an enabling policy
and regulatory environment at the national and international level with clearly
defined rules and standards, establishment of appropriate food control systems and
programmes at the national and local level, and provision of appropriate training and
capacity building. Development and implementation of GAPs, GHPs and HACCP
are required in the food chain steps. Government institutions should develop an
enabling policy and a regulatory environment, organize the control services, train
personnel, upgrade the control facilities and laboratories and develop national
surveillance programmes for relevant hazards. The industry should upgrade facilities,
train personnel and implement GAPs, GHPs and HACCP. The support institutions
(academia, trade associations, private sector, etc.) should also train personnel involved
in the food chain, conduct research on quality, safety and risk assessments, and provide
technical support to stakeholders. Finally, consumers and consumer advocacy groups
have a counterbalancing role to ensure that safety and quality are not undermined by
political or economical considerations solely when drafting legislation or implementing
safety and quality policies. They also have an important major role in educating and
informing the consumer about the major safety and quality issues.

In many parts of the world, the food industry has adopted more elaborated safety
and quality management systems that provide for better integration, coordination
and traceability along the supply chain. Such schemes are voluntary and based on
the generic quality schemes that have been developed under the aegis of the ISO for
industrial products, e.g. Total Quality Management (TQM), ISO 9000:2000, ISO 22000
series. They are not discussed here and the interested reader should consult the relevant
documentation.

For the fish industry, the proportion of the sector that has embraced these schemes
and the additional quality and safety improvements they bring are not known.
However, it is likely that most fish and seafood traded worldwide is produced with
the view to meet the regulatory requirements of the destination markets. These
requirements, and their concordance with international standards, codes and guidelines
such as those of the CAC, are discussed in detail in Chapter 7.

The concept of risk analysis is detailed hereafter. The ensuing chapters analyse
the various risks associated with fish and seafood and describe modern preventive
approaches for consumer protection and the promotion of fair, responsible and
transparent fish trade.

2.4 RISK ANALYSIS
Food-borne illnesses continue to be a major public health problem worldwide. It
is estimated that up to 30 percent of the population in industrialized countries are
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affected annually, and the situation in developing countries could be worse (WHO,
2007). Seafoods can also cause food-borne illnesses, including those due to the presence
of “microbiological hazards”. The CAC has defined “hazard” as a biological, chemical
or physical agent in, or condition of, food with a potential to cause an adverse health
effect. There are many hazards but not all have the same severity (e.g. low levels
of histamine in fish, while relatively common, do not always result in illness in the
consumer, whereas botulinum toxin, while rare, often causes death or severe illness
with long-term sequelae). The public health significance of seafood-borne illnesses
depends on the probability of illness (number of cases) and the severity of illness.
For prioritization of food safety management activities and appropriate allocation
of resources, there is a need for a way to compare the “importance” of different
food-borne hazards, where importance is usually related to public health affect.

Food safety risk has been defined by the CAC (2011) as a function of the probability
of an adverse health effect and the severity of that effect, consequential to a hazard in
food. As a consequence of agreements made internationally through the completion of
the Uruguay Round of the General Agreement on Tariffs and Trade (GATT) in 1994,
the idea of “risk analysis” has become the method for establishing tolerable levels of
hazards in foods in international trade and, equally, within national jurisdictions. Risk
analysis may be performed at the national level or at the international level by the
CAC. Food safety issues may be brought to the CAC by member countries.

The objective of the rules that govern international trade in food, the SPS and TBT
Agreements (WTO, 2010), is to ensure equitability in international trade in foods and
to permit countries to set food safety management measures for their populations and
ask that imported foods afford the same level of public health protection. To justify and
compare the levels of public health protection and related food safety measures, risk
sources must be analysed, the risk estimated and risk management options evaluated
using the risk analysis framework described by the CAC (1999).

“Risk analysis” is the name given to the process now underlying the development of
food safety standards (FAO/WHO, 1997). It consists of three separate but integrated
parts:

®  risk management;
e risk assessment;
e risk communication.

The management and control of seafood-borne diseases is carried out by several
groups of people. It involves technical experts assessing the risk, i.e. synthesizing
epidemiological, microbiological and technological data about the pathogenic agent, the
food, the host, etc. It involves both risk managers at the government level, who have to
decide what level of risk society will tolerate, i.e. while balancing other considerations
(e.g. the cost of risk management measures, and their affect on the affordability and
utility of foods) and risk managers in both industry and government that have to
implement procedures to control the risk to satisty those societal expectations. In the
current international food safety management environment, those expectations are
expressed as “food safety objectives” (FSOs), which are translated into practical targets
and advice for industry as “performance objectives” (POs) and “process criteria” (see
Chapter 6). At industry level, these objectives and criteria are satisfied using GHP and
HACCP procedures, as described above (also see Chapter 6).

The risk analysis process must be “transparent”, that is, clearly and fully articulated;
and at every step, all stakeholders should be allowed to participate and comment. It
has been seen as important that there is a separation between the processes of risk
management and risk assessment (FAO/WHO, 1995) in order to avoid bias leading
to desired outcomes in the risk assessment process. The CAC recommends functional
separation of risk assessment and risk management to ensure the scientific integrity
of risk assessment and to avoid confusion over the functions to be performed by risk
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assessors and risk managers and reduce conflict of interest. Risk assessment is required
to be an objective, “science-based”, evaluation of risk.

The three components of risk analysis and their interrelationships are shown in
Figure 5, and they have been defined by the CAC. Those components are:

Risk assessment: A scientifically based process consisting of four steps
described as: (i) hazard identification; (ii) hazard characterization; (iii)
exposure assessment; and (iv) risk characterization.

Risk management: The process, distinct from risk assessment, of weighing
policy alternatives in consultation with all interested parties (“stakeholders™),
considering risk assessment and other factors relevant for the protection
of health of consumers and for the promotion of fair trade, and, if needed,
selecting and implementing appropriate prevention and control options.

Risk communication: The interactive exchange of information and opinions
throughout the risk analysis process concerning risk, risk-related factors, and
risk perceptions among risk assessors, risk managers, consumers, industry, the
academic community and other interested parties, including the explanation of
risk assessment findings and the basis of risk management decisions.

FIGURE 5
Overview of the risk analysis process with details of the risk assessment process

2.4.1

Risk management

When a food safety issue is brought to the attention of risk managers, they should
initiate the process of risk analysis. The food safety issue may arise owing to consumer
concern or through epidemiological data, surveillance or through concern raised by a
trade partner. FAO/WHO (1997) elaborated the general principles of risk management:

Risk management should follow a structured approach.

Protection of human health should be the primary consideration in risk
management decisions.

Risk management decisions and practices should be transparent.
Determination of risk assessment policy should be included as a specific
component of risk management.

Risk management should ensure the scientific integrity of the risk assessment
process by maintaining the functional separation of risk management and risk
assessment.

Risk management decisions should take into account uncertainty in the output
of risk assessment.

Risk management should include clear interactive communication with
consumers and other interested parties in all aspects of the process.
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* Risk management should be a continuing process that takes into account
all newly generated data in the evaluation and review of risk management
decisions.

The structured approach for risk management described in FAO/WHO (1997)
includes four major steps:

1. preliminary risk management activities;

2. identification and selection of risk management options;
3. implementation of risk management decision;

4. monitoring and review;

Preliminary risk management activities (CAC, 2007a) consist of steps illustrated
in Figure 6. Food safety issue needs to be identified by the risk manager in collaboration
with interested parties.

The recognition of methylmercury as a food-borne hazard in the 1950s, following
an outbreak of severe neurological disease in babies of mothers who ate fish from
Minamata Bay in Japan, is an example of identification of a food safety issue (FAO/
WHO, 2006a). Recognition of Listeria monocytogenes as a food-borne pathogen after a
1981 outbreak of listeriosis in Canada, traced to contaminated coleslaw (Swaminathan
et al.,2007), is another example. Risk managers may need to take immediate action when
public health concern demands urgent response, such as the discovery of acrylamide in
certain foods in 2001 (WHO, 2002), but such measures should be temporary, subject
to review within a time frame, and clearly communicated.

FIGURE 6
Steps in preliminary risk management activities

A risk profile is undertaken to provide a concise description of the current state
of knowledge related to the food safety problem, potential risk management options
and food safety policy context that would influence risk management actions. The
risk profile also tries to evaluate whether there is sufficient cause for concern that
a risk assessment should be undertaken and also whether there is sufficient data to
complete a risk assessment to answer relevant risk management questions. Examples
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of risk profiles relevant to seafoods include those prepared by the New Zealand Food
Safety Authority concerning Vibrio parahaemolyticus (Lake, Hudson and Cressey,
2003); ciguatoxin (Cressey, Gilbert and Lake, 2007) and norovirus in raw molluscs
(Greening et al., 2009). Typical risk profiles include a brief description of:

e the real or perceived problem;

e the food product or commodity involved;

* pathways by which consumers are exposed to the hazard in the food;

e effect of processing steps on the level and frequencies of presence of the hazard;
potential consequences of human exposure to the hazards (i.e. types and
severity of illness caused);

e factors affecting host susceptibility and including whether probability of
exposure or severity of consequences differs among different segments of
population;

*  consumer perception of the risks.

In some cases, a risk profile will provide sufficient information to identify and select
appropriate risk management actions, or reveal that there is insufficient risk for any
action to be needed. In other situations, the risk profile will result in articulation of
actions needed to better understand and manage the risk (e.g. gathering more data
to better resolve the risk), and/or the commissioning of a risk assessment. As part of
the decision to undertake a risk assessment, the questions to be addressed by the risk
assessment need to be clearly articulated by the risk manager, and the resources — and
time — available to complete the risk assessment also need to made clear. While the task
of risk assessment should be done independently of decisions about risk management,
experience has shown that there needs to be significant interaction between risk
assessors and risk managers so that the risk assessment proceeds efficiently and
responds to the risk managers’ needs for support for the decisions that they need to
make. In addition, dialogue between the risk managers and the food industry and
consumers is necessary for making decisions that are technologically achievable and
also satisty societal concerns and expectations of food safety.

Developing regulatory standards, microbiological specifications or other risk
management measures may require a risk assessment to be performed. While deciding
whether to proceed with a formal risk assessment, risk managers need to consult with
risk assessors to consider how a risk assessment could be approached, what questions
could be answered and whether data gaps and uncertainties could preclude unequivocal
answers. Identification of key data gaps would facilitate collection of additional
data before and during risk assessment, and this might require the involvement of
government departments, academic institutions and the food processing industry.

“Risk assessment policy” has been defined by the CAC (2011) as “documented
guidelines on choice of options and associated judgements for their application at
appropriate decision points in risk assessment such that scientific integrity of the process
is maintained”. Establishment of risk assessment policy by risk managers should be
carried out in consultation with risk assessors and other stakeholders. Documentation
of that policy is necessary to ensure consistency, clarity and transparency. Risk
assessments require resources — both scientific expertise and also financial resources.
Risk managers assemble a team of experts to carry out the task, and the team needs
to have expertise in relevant disciplines such as public health, epidemiology, food
microbiology, toxicology, food technology, biostatistics and modelling to be able to
fully assess the risk and the importance of various risk-affecting factors.

24.2 Risk assessment

Risk assessment is undertaken to provide support for decisions that confront risk
managers. As such, risk assessors should present the outputs of risk assessments in such
a way that the risk managers are fully informed of the strengths and limitations of those
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risk estimates, as well as the suitability of the various risk management options to deal
with the food safety issue. When risk managers have to deal with several food safety
issues at a given time, risk assessments may help rank these issues based on the relative
risk to health from each of those hazards, and set priorities for risk management. A
risk assessment in the United States of America (FDA/USDA/CDC, 2003) was used
to rank the relative risk to consumers from L. monocytogenes in 23 categories of ready-
to-eat (RTE) foods. From that ranking, priorities for risk management were decided. In
general, the risk that each issue presents to the consumer is the primary consideration
for ranking, but other considerations such as impact of any proposed control measures
on trade may also be considered by risk managers. A holistic approach to risk analysis
is required so that the benefits of risk management actions outweigh any increased
costs to consumers, e.g. increased cost of food, loss of utility and loss of choice. This
holistic approach should also extend to the risk assessment.

As mentioned above, food safety risk assessment involves four steps. These steps are
further elaborated below.

Hazard identification involves collation and analysis of epidemiological data and
evidence for the link between the food, the hazard and human illness. Data could
be from national surveillance studies, outbreak investigations, clinical studies and
food process evaluations. In the case of pathogens, the organism, its characteristics,
pathogenicity and factors involved in causing human illness (e.g. toxins, adhesins, etc.
either pre-formed in food before consumption or produced by the organism after
infecting the host) and symptoms of illness are also documented.

Hazard characterization is a qualitative or quantitative description of the severity
and the duration of the adverse health effects that may result from the ingestion of the
micro-organism or toxin. The virulence characters of the pathogen, the effect of food
matrix on the organism at the time of consumption (e.g. high fat content in a food may
protect the organism against gastric acidity and increase its chances of surviving passage
through the gut to the intestine where it may establish infection), host susceptibility
factors and population characteristics are considered. Wherever data are available,
a dose-response analysis is performed that aims to quantify the probability and/or
severity of illness in consumers as a function of the dose of toxin, or pathogens, that
are ingested. Data for dose-response analysis may come from outbreak investigations,
human volunteer studies, vaccine trial studies, animal studies, etc. In general, models
for the dose-response relationship of pathogens are actually models that relate the
dose ingested to the probability that an infection will ensue. The models that are used
assume that increasing doses of the pathogen increase the probability of infection in
simple proportion — up to some upper dose beyond which no further risk increase
oceurs.

Exposure assessment is concerned with estimating the likelihood that consumers
will be exposed to the hazard through consumption of the food under consideration,
and also the dose to which an individual or population is exposed. In microbial food
safety risk assessment, for example, an estimate of frequency of exposure to the hazard
in the food is developed, together with an estimate of the numbers of the pathogen
or the level of a biotoxin consumed via the food (or foods) of concern. This involves
documenting the sources, frequency and levels of contamination and factors that alter
the concentration of frequency of the hazard between harvest and consumption, e.g.
processing steps that remove, dilute or kill/denature the hazard, or alternative time-
temperature conditions that permit pathogen growth.

Microbial hazards in foods are much more dynamic than chemical hazards because
of the potential of micro-organisms to multiply in foods or for their numbers to be
reduced by inactivation processes. With respect to microbial toxins, a combination of
the characteristics of microbe and the physiological effects of the toxin, the stability of
the toxin, the conditions under which the toxin is synthesized, etc. need be considered.
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Data on the concentration of the pathogen in the food at the time of consumption
are rarely available and, therefore, it is necessary to develop models or assumptions
to estimate the likely exposure. For bacteria, the growth and death of the organism
under the predicted handling and processing conditions of the food are considered in
the model, which must take into account the effects on the pathogen related to time,
temperature, food chemistry and the presence of competing microflora. Biological
agents such as viruses and parasites do not multiply in food handling. However, storage
and processing conditions may affect their survival.

Accordingly, knowledge of the microbiology ecology of pathogens in foods is an
essential component of exposure assessment to be able to predict the effects of product
formulation, time and storage temperature and, increasingly, mixtures of gases in
the product storage environment (or retail package) on pathogen growth, death or
survival. Such knowledge includes the quantitative effect of temperature, pH, presence
of antimicrobial agents such as organic acids (or their salts), essential oils (more
common in traditional foods), competing microbiota, etc. Knowledge of consumer
handling practices (e.g. home refrigeration temperatures and cooking practices) is also
important. The subject of microbial ecology in risk assessment was discussed by Ross
(2008). As well as the concentration and frequency of pathogens in foods, exposure
depends on the amount eaten both in terms of frequency of eating the food of interest
and the size of the serving. Thus, knowledge of population demographics, food serving
size, food preparation practices and consumption patterns for different groups within
the exposed population is also part of an exposure assessment.

The CAC defines the risk characterization step as the process of qualitative
and/or quantitative estimation, including attendant uncertainties, of the probability
of occurrence and the severity of the known or potential adverse health effect in a
given population based on hazard identification, exposure assessment and hazard
characterization.

Thus, in the risk characterization step, the information generated and collated in
hazard identification, exposure assessment and hazard characterization is collated and
analysed to produce an understanding of factors that affect the risk from the food-
borne hazard being considered and to produce estimates of the attendant risk. Ideally,
the risk characterization should provide insights into the nature of the risk, how it
arises and the uncertainty in the risk estimate, e.g. identification of the most important
factors contributing to the risk, sources and influence of uncertainty and variability in
the risk estimate, and identification of gaps in data and knowledge and the influence
of those gaps on the confidence one can have in the risk estimate. Often, the risk
characterization includes consideration of how the risk might change under different
scenarios, e.g. to explore the effectiveness of different risk management options that
could be adopted.

The risk estimate may be:

e qualitative (e.g. using descriptive, but often subjective, terms such as “low”,
“medium”, “high”);

*  semi-quantitative, in which the level of risk is compared with some other risk,
or in which the risks from different sources are put in order of severity (the
ranking itself may be quantitative although not calibrated to absolute burdens
of disease);

* quantitative (the risk assessors predicting the risk per meal serving or the
number of people in a defined population who are likely to become ill from
the pathogen—commodity/product combination).

Guidelines for the conduct of microbial food safety risk assessment have been
developed by the CAC (1999).

A qualitative risk assessment may be performed where data are inadequate to make
numerical estimates but where prior expert knowledge and identification of attendant
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uncertainties are sufficient to permit risk ranking or separation into descriptive
categories of risk. For example, Huss, Jorgensen and Fonnesbech Vogel (2000) estimated
risk from consumption of molluscan shellfish, fish eaten raw, lightly preserved fish and
mildly heat-treated fish as “high”. Seafood products estimated to cause “low risk”
to consumers included chilled/frozen fish and crustaceans, semi-preserved fish and
heat-processed (canned) fish. The risks from dried and heavily salted fish were
considered to come from pathogenic bacteria. Sumner and Ross (2002) presented a
qualitative risk assessment for methylmercury in seafood.

“Risk Ranger”, developed and described by Ross and Sumner (2002), is an
automated Microsoft® Excel® spreadsheet, and is an example of a semi-quantitative
risk assessment tool. It requires the user to choose from a range of answers or to enter
data in response to questions related to the following risk criteria: (i) hazard severity;
(i1) relative susceptibility of the population exposed to the hazard; (iii) frequency
of consumption; (iv) proportion of the population consuming the food of interest;
(v) size of the population being considered; (vi) probability of contamination of the
food by the hazard; (vii) the effect of the process on hazard levels; (viii) the possibility
of recontamination after processing; (ix) the effectiveness of post-process controls and
handling to prevent pathogen/toxin increase; (x) the increase in the initial pathogen
load that would be required to lead to an “infective dose”; and (xi) effect of treatment
(e.g. cooking) prior to consumption on the levels of the hazard ingested. The outputs
of this risk assessment tool include a relative ranking of the risk (on a scale of from 0
to 100) or an estimate of the number of illnesses in the population of interest per year.
Sumner, Ross and Ababouch (2004) described application of Risk Ranger to estimate
the risk of ciguatera fish poisoning in New Zealand.

Quantitative risk assessments can be categorized as deterministic or probabilistic (or
“stochastic”). For deterministic risk assessment, single input values that best represent
each of the risk-affecting factors in the system being considered are chosen. The
values could represent the most likely value or values that represent the “worst case”.
Deterministic risk assessment does not provide information on the uncertainty of the
risk estimate, or on the range of risk under all sets of realistic circumstances. Moreover,
selecting and combining worst-case input values for multiple factors affecting food
safety (e.g. highest storage temperature, worst contamination level, longest storage
time, and most virulent strain) may lead to overly conservative estimates of the risk
to consumers and, in turn, to unnecessarily stringent risk management actions. In
the case of probabilistic (stochastic) risk assessments, input values are distributions
of possible values including some characterization of upper and lower extremes and
the most “usual” value, or situation. These distributions can represent “real world”
variability and/or uncertainty in input values. Stochastic risk assessment is usually
undertaken using computer simulation software. It has the advantage of providing a
full representation of the risk estimate (which is itself uncertain) including the average
value of the estimated risk, the estimate of the most likely, as well as risk estimates that
correspond to different levels of confidence (e.g. the risk estimate that encompasses
95 percent of the situations, or “scenarios”, predicted by the risk model). Uncertainty
analysis is a method used to estimate the uncertainty associated with models and
assumptions used in the risk assessment.

From experience to date, microbial food safety risk assessments often conclude that
insufficient data were available in one or more areas and, as a result, there is uncertainty
about the true level and/or range of risk, as expressed in the risk estimate. It is
important to record the data that are not available (i.e. the “data gaps”) that lead to that
uncertainty. Later, if that knowledge becomes available, the level of uncertainty will be
reduced so that the risk estimate becomes more accurate. Risk assessment is an iterative
process and may need re-evaluation as new data become available. Wherever possible,
risk estimates should be reassessed over time by comparison with independent human
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illness data. Two examples of risk assessments relevant to seafood undertaken by
WHO/FAO are: (i) a risk assessment of Listeria monocytogenes in RTE foods; and (i1)
a risk assessment of Vibrio parahaemolyticus in seafood.

243 Translating risk estimates into risk management - food safety
objectives

When determining a public health goal, risk is most often expressed as a number of
cases of illness per capita per year. For instance, the baseline level of listeriosis cases
in the United States of America in 1997 was 0.5 per 100 000 of the population per
year. The White House announced in the “Healthy People 2010” programme that this
should be reduced to 0.25 cases per 100 000 of the population per year; that is, the
United States Government set a food safety objective.

Several terms exist for such public health goals. Ideally, the goal would be to reduce
all seafood-borne diseases to “zero risk”. However, this is technically and financially
not possible. It is important to understand that there is no such thing as “absence
of risk”. Therefore, the public health goal is often expressed using terms such as
“appropriate level of protection” (ALOP).

Levels of disease attack rate are difficult to measure and target by food safety
managers in government and industry and therefore the term “food safety objective”
(FSO) has been introduced. The FSO translates risk into a measurable goal, and this
is expressed as the concentration or frequency of a hazard in a food (at the point of
consumption) that is considered “safe” or that meets the level of protection/risk set
by society. While FSO has been used in broad terms by several authors (Jouve, 1996;
Hathaway, 1997), it has been explicitly defined by the International Commission on
Microbiological Specifications for Foods (ICMSF) (van Schothorst, 1998; ICMSF,
2005).

Food safety objective

The maximum frequency or concentration of a hazard in a
food at the time of consumption that provides or contributes
to the appropriate level of protection (ICMSF, 2005).

If a quantitative risk assessment has been conducted, the FSO can simply be the
translation for the Y-axis on a plot of risk estimate versus cumulative probability
(effectively the degree of confidence that one can have that the risk is below a specified
level) to the X-axis (with the number or frequency of the pathogen or some other
measure of “risk”).

Even where quantitative risk assessments and the risk characterization curve are not
available, FSOs are still often set. Investigations of food-borne diseases, epidemiological
surveillance programmes, industry records and knowledge of the influence of food
processing parameters have for decades provided information about which pathogens
most often cause food-borne illness, which foods are implicated, sometimes the levels
of pathogens that are involved, and other factors that have contributed to the hazard
being realized in terms of human food-borne illness (e.g. poor hygiene, temperature
abuse, and inadequate processing). In effect, the setting of microbiological criteria for
foods has been and is an indirect way of setting an FSO — and thus implies a desired
public health goal. Many examples of this exist. One is the standard for Staphylococcus
aurens in cooked crustaceans (n =5, ¢ =2, m = 100/g and M =1 000/g). This criterion
implicitly contains an evaluation of the risk related to the concentration of the hazard
(growth and high concentrations are required to produce the amount of enterotoxin
causing disease) (ICMSF, 1986). Often, however, the connection between risk and
microbiological criteria is, at best, obscure.
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It is important to realize that FSOs are not equivalent to microbiological criteria
but that, if appropriate, criteria can be derived from FSOs. An FSO is a public health
goal whereas a microbiological criterion defines acceptability of a food product or a
lot of foods and should indicate the sampling plan, method, number of units that must
conform, etc. An example of an FSO is a concentration of 100 L. monocytogenes per
gram at the point of consumption for RTE foods (EC, 2005a, 2007a; CAC, 2007b,
2009a). Criteria for L. monocytogenes at earlier points in the chain will typically be
lower than the 100 cfu/g and the concept of a “performance objective” (PO) has
been coined to translate the FSO into a target level or frequency of contamination
that industry can aim for, at the point of production, so as to ensure that the FSO is
consistently met. The FSO is a target for the food chain to reach, but it does not specify
how the target is to be achieved. Hence, the FSO offers flexibility to the food chain to
use different operations and processing techniques that best suit the situation, provided
that the maximum hazard level specified at consumption is not exceeded. In products
such as RTE foods, the POs can be calculated from the FSO by subtracting expected
bacterial contamination and/or growth between the point of manufacture/processing
and the point of consumption, taking into account potential changes in microbial levels
and frequencies of contamination, e.g. due to growth, inactivation processes, cross-
contamination and dilution.

An authority can use FSOs and POs to communicate appropriate food safety
levels to industry and other governments. The FSOs and POs are levels of food-borne
hazards that should not be exceeded at the point of consumption and earlier in the
food chain, respectively. They can be met using good practices (GAPs and GHPs) and
HACCP programmes (ICMSF, 2005).

It must also be determined whether the FSO, as expressed by risk managers, is
achievable using existing industry practices and technologies. If not, it is necessary
to decide whether: (i) changes in the industry have to be enforced; (ii) the product
should be taken off the market; or (iii) the product should be labelled as carrying a
risk. Examples of such procedures are: (1) the mandatory pasteurization of milk; (i1) the
banning of fish species containing tetrodotoxin for the market of the European Union;
and (iii) the notice by restaurants in several states in the United States of America
that eating raw oysters may be detrimental to health. Examples of FSOs are shown in
Chapter 6.

244  Risk communication

Risk communication is an integral part of risk analysis. It provides timely, relevant and
accurate information both between the members of the risk analysis team and external
stakeholders. Internal risk communication should take place between different groups
in risk analysis, 1.e. risk assessors, risk managers and risk communicators. External risk
communication deals with information exchange between the risk analysis team and
external stakeholders (FAO/WHO, 1999). Where stakeholders are asked to review and
comment on the risk assessment and are consulted about potential risk management
options, they are more likely to accept the risk management approaches proposed.
Equally, if the risk manager has a good understanding of how the risk affects and,
importantly, is perceived by stakeholders (see below), and the willingness and capacity
of stakeholders to manage some aspects of the risk themselves, better risk management
decisions are likely to result. For example, stakeholders will be more willing to tolerate
some risk if they perceive that the risk also offers some benefit to them.

Stakeholder perception of risk has both technical and emotional dimensions,
and risk communication should address both these aspects. Often, non-technical
information emphasized by media, consumer groups or industry captures the attention
of the general public that are exposed to the risk. Risk communication should address
the concerns of the public and not dismiss these as irrational. FAO/WHO (2005a)
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recommended that risk communication should pay attention to the following: (i)
collection and analysis of background information about food safety risk, the context
and perception of different stakeholders; (ii) developing and disseminating key
messages targeted at particular audiences; (iii) engaging stakeholders in dialogue about
the risk; and (iv) monitoring and evaluating the outcomes of risk communication.

FAO/WHO (2005a) identified the following as necessary components of effective
risk communication:

the nature of the risk — including its magnitude and severity, nature and size
of the population at risk, probability of exposure and amount of exposure
that constitutes a significant risk (N.B.: these are the elements of hazard
identification);

the risk assessment itself — including the methods used, weaknesses or
inaccuracies in the available data, assumptions on which the estimate is based,
uncertainties, sensitivity of the estimate to changes in the assumptions, and
effect of changes in the estimates on risk management decisions;

the risk management decisions proposed — including explanation of the reasons
for choosing a particular option, its likely effectiveness, trade-off between
risks and benefits, costs of managing the risks and who pays for the cost of
managing the risk.

As stakeholder groups can be expected to be heterogeneous, e.g. including primary
producers, industry, distributors and vendors, consumer groups, and the general
public, risk communicators need to understand their audience, and they may need to
involve experts to help to articulate credible messages, to assure transparency, to put
the risk in the right perspective, to differentiate between scientific and value judgement,

etc.






3. Characterization of hazards in
seafoods

3.1 THE DISEASE BURDEN DUE TO SEAFOOD (IDDYA KARUNASAGAR)
The global burden of food-borne disease is unknown, and this is mainly because of the
lack of obligation to report the illnesses to public health authorities. Many individuals
affected by food-borne illnesses may not seek medical care, and the causative agents
may not be identified by appropriate laboratory investigations. However, some
countries have surveillance programmes, and the results of these give an indication of
the disease burden. Although the data are mostly from developed countries, this fact
should be considered against the background that underreporting occurs even in these
countries and, most often, the incriminated food is not available for analysis and the
aetiological agent is not identified.

Estimates in the United States of America indicate that, annually, 48 million food-
borne illnesses involving 128 000 hospitalizations and 3 000 deaths occur (Gillis er al.,
2011). Pathogens are incriminated in 9.4 million cases involving 55 961 hospitalizations
and 1 351 deaths (Scallan ez al., 2011a). Unspecified agents are involved in an estimated
38.4 million cases leading to 71 878 hospitalizations and 1 686 deaths (Scallan er al.,
2011b). Norovirus accounts for alarge proportion of these illnesses (58 percent) followed
by non-typhoidal Salmonella (11 percent), Clostridium perfringens (10 percent), and
Campylobacter (9 percent). There are few studies in which the foods incriminated have
been specified. Data from the Centers for Disease Control and Prevention (CDCs)
show that in the period 1993-97 there were 2 751 food-borne outbreaks involving
86 000 people and 29 deaths and that in only one-third of the outbreaks were the foods
implicated identified. Fish and shellfish accounted for 187 outbreaks with 2 564 people
affected and no deaths (Olsen et al., 2000). In the period 1998-2002, 6 647 outbreaks
were reported involving 128 370 people and 88 deaths (Table 8).

TABLE 8

Foods involved in food-borne illness in the United States of America, 1998-2002
Food Outbreaks Cases Deaths

Number Percentage Number Percentage Number Percentage

Beef 208 3.1 4189 3.3 5 5.6
Dairy 92 1.4 2 231 1.7 0 0
Eggs 83 1.2 2212 1.7 0 0
Game 10 0.1 91 0.0007 0 0
Pork 138 2.1 2 699 2.1 0 0
Poultry 345 5.2 4987 3.9 15 17.0
Vegetables 192 2.9 7 037 5.5 4 4.5
Fruits and nuts 87 1.3 349 2.7 3 34
Grains 81 1.2 1148 0.9 0 0
Oils and sugars 12 0.2 265 0.2 0 0
Finfish 337 5.1 1692 1.3 1 1.1
Shellfish 151 2.3 1758 1.4 0 0
Unclassifiable 232 3.5 5335 4.2 3 3.4
vehicle
Complex vehicle 2 079 31.3 45 046 35.1 39 44.3
Known vehicle 4047 60.9 82 186 64.0 70 79.5
Unknown vehicle 2 600 39.1 46 184 36.0 18 20.5
Total 6 647 100.0 128 370 100.0 88 100.0

Source: Lynch et al. (2006).
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The vehicle of transmission was unknown in 39 percent of outbreaks, 36 percent
of cases and 20.5 percent of deaths. “Complex vehicle” was responsible for 31 percent
of outbreaks, 35 percent of cases and 44 percent of deaths. The aetiology could be
confirmed in 53.7 percent of cases, including 29.5 percent of bacterial, 22 percent of
viral, 0.6 percent of biotoxins, 0.5 percent of parasites cases (Lynch ez al., 2006). Fish and
shellfish accounted for 488 outbreaks (7.3 percent) involving 3 450 cases (2.7 percent) in
the period 1998-2002. Ciguatoxin and scombrotoxin accounted for the highest number
of outbreaks (Table 9). Among bacteria, V. parahaemolyticus was a major aetiological
agent. Other bacterial agents involved included Clostridium botulinum, Salmonella,
Vibrio cholerae, Bacillus cereus, Shigella and Campylobacter (Table 9).

Using data from CDC and state health departments, DeWaal ez al. (2006) estimated
that in the period 1990-2003, there were 4 486 outbreaks involving 138 622 cases,
of which 899 outbreaks (20 percent) involving 9 312 persons(7 percent) were due to
seafood. Scombrotoxin accounted for 38 percent (341 out of 899) and ciguatoxin for
24 percent (215 out of 899) of outbreaks. Five hundred and seventy-one outbreaks
involving 2 991 cases were due to finfish, such as tuna and grouper, 135 outbreaks
(3 156 cases) were due to molluscan shellfish, 129 outbreaks (2 400 cases) were linked
to crab cakes and sushi, and 64 outbreaks (765 cases) were due to other seafood such
as shrimp and lobster (Dewaal ez al., 2006). The CSPI Outbreak Alert (CSPI, 2007)
shows that, in the period 1990-2005, there were 1 053 outbreaks involving 10 415 cases
associated with seafood in the United States of America. Scombrotoxin accounted for
36 percent of these, ciguatoxin, 22 percent, Vibrio and norovirus, 9 percent each, and
“other bacteria” 16 percent. Tuna and grouper were involved in the largest number
of outbreaks (661) (Table 10) but molluscan shellfish associated illness affected the
largest number of people (3 535) in the seafood category. Crustaceans such as shrimp
and lobster were in the smallest group. In the period 1999-2008, seafood accounted for
792 outbreaks involving 6 337 cases (DeWaal, Roberts and Catella, 2012).

TABLE 9
Aetiology of food-borne outbreaks associated with finfish and shellfish in the United States of America,
1998-2002
. 198 19 2000 2001 002
Finfish  Shellfish  Finfish  Shellfish  Finfish  Shellfish  Finfish  Shellfish  Finfish  Shellfish
Bacterial
Bacillus cereus 1 1 1
Campylobacter 1
Clostridium 2 2
botulinum
Salmonella 1 1 2 1 1
Shigella 1 2
Vibrio cholerae 1 1 1
Vibrio 1 3 3 1 2
parahaemolyticus
Vibrio spp. 1
Total 4 16 4 3 3 1 5 3 2
Toxins and chemical
Ciguatoxin 16 12 12 24 20
Scombrotoxin 27 20 20 29 21
Shellfish toxin 1 3 1
Other chemical 1
Total 44 1 32 32 3 53 42
Viruses
Hepatitis A 1 1
Norovirus 2 1 2 1 8 2
Total 1 2 1 3 1 8 2
Parasitic 1
Unknown aetiology 21 20 31 22 27 16 20 20 21 23
Total 69 38 64 28 63 25 75 33 66 27

Source: Lynch et al. (2006).
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The results of surveillance for European countries are available from the website
of the WHO Regional Office for Europe. The eighth report for the period 1999-2000
is available for individual countries, but the seventh report for the period 1993-98
has a summary for the continent. In 40 countries in the period 1993-98, there were
33 307 food-borne outbreaks involving 288 923 cases. A causative agent was identified
for 70 percent (23 538) of the outbreaks. Salmonella accounted for 77 percent of
outbreaks and other bacterial agents for 14.5 percent of outbreaks. Viruses accounted
for only 1 percent of outbreaks. Fish and fishery products were involved in 1 208 out
of 22 386 outbreaks (5.3 percent) in which the food involved was identified. Among
foods involved in Salmonella outbreaks, fish and fishery products accounted for
1 percent. Clostridium botulinum was the causative agent in 67 outbreaks, of which
7 (10.5 percent) involving 83 cases were related to home-prepared fishery products.

TABLE 10

Seafood groups involved in food-borne outbreaks in the United States of America, 1990-2005
Seafood group Outbreaks Cases
Tuna, grouper 661 3344
Molluscan shellfish 165 3535
Seafood dish (e.g. crab cake, tuna burger) 157 2 658
Other seafood (including shrimp, lobster) 70 878
Total 1053 10 415

Source: CSPI (2007).

In England and Wales, the United Kingdom of Great Britain and Northern Ireland,
1.7 million cases of food-borne illness occurred in the period 1996-2000, of which
116 603 (7 percent) were linked to seafood with shellfish accounting for 77 019 cases
(4 percent) (Adak er al., 2005). The disease risk score (cases/1 million servings) for
seafood was 41, with shellfish having a high disease risk score (646). In the period
1999-2000, fish and shellfish were involved in about 18 percent of food-borne
outbreaks in France.

In Australia, 5.4 million cases of food-borne gastroenteritis occur annually, and data
on causative agents are available, but not on the incriminated foods (Hall et al., 2005).
The OzFoodNet Working Group (2006) report shows that, in Australia, there were
115 food-borne disease outbreaks that affected 1 522 persons. Fish were involved in 13 of
these outbreaks (11 percent), and oysters in one outbreak. Seven outbreaks were due
to ciguatera poisoning and four to histamine poisoning. Wang et al. (2007) noted that,
between 1994 and 2005, a bacterial cause was identified in 1 082 food-borne outbreaks
involving 57 612 cases and 51 deaths in China. Vibrio parahaemolyticus topped the
list accounting for 19.5 percent of outbreaks and 18.7 percent of cases, followed
by Salmonella (16.7 percent of outbreaks, 22.3 percent of cases). C. botulinum was
involved in 2.8 percent of outbreaks, 0.4 percent of cases, but 62.8 percent of deaths. In
Seoul, the Republic of Korea, 147 food-borne outbreaks involving 7 203 cases occurred
in the period 2002-06, with bacterial agents being responsible for 42.6 percent and viral
agents for 41.9 percent of cases (Lee et al., 2009).

These data indicate the serious nature of food-borne illnesses from consumption
of fish and other seafood, especially with regard to biological hazards. The following
sections elaborate on these hazards, as well as on chemical and physical hazards
associated with fish and fish products.

3.2 BIOLOGICAL HAZARDS

3.2.1 Pathogenic bacteria (Iddya Karunasagar and Tom Ross)

Bacteria that may cause illness in humans are considered pathogenic bacteria. This
section discusses bacteria that are associated with illnesses following consumption
of fish and fishery products. When fish are alive, bacteria are associated with their



34

Assessment and management of seafood safety and quality - current practices and emerging issues

surface, in the gills and in gut. Most bacteria associated with fish are not pathogenic.
A few of them may be associated with spoilage and a few may be even involved in
the production of certain fermented fish. Bacterial food-borne illnesses may be of
two major types: food-borne infections and intoxications (Table 11). Food-borne
infections are caused by the ingestion of live pathogenic micro-organisms (the
minimum infective dose varies considerably among bacterial species) with the food,
while food-borne intoxications are caused by ingestion of toxins produced by the
micro-organisms in food. Most often, toxin-producing bacteria would have grown to
high numbers (10°-10° cfu/g) before the food is consumed. Intoxications might occur
even when viable micro-organisms that have produced the toxin are no longer present
in the food at the time of consumption, e.g. Staphylococcus produces heat-stable toxins
and, therefore, the toxins can persist in heat-treated foods even after the bacteria are
inactivated. There is another intermediary category of bacterial food-borne illness in
which clinical symptoms are produced by the toxin produced by the micro-organism
in the human system following infection (toxi-infection).

The outcome of ingesting food containing pathogenic bacteria depends on the
level of pathogen and the food matrix. In general, pathogens such as Shigella and
enterohaemorrhagic Escherichia coli (EHEC) have a low infective dose (ICMSF,
1996; Meng et al., 2007). According to human volunteer studies, the infective dose of
non-typhoidal Salmonella is generally about 10¢cells (FAO/WHO, 2002), but in certain
fatty foods (e.g. chocolates) that protect pathogenic bacteria from gastric acidity, the
infective dose of Salmonella could be 10 cells or less (D’ Aoust and Maurer, 2007).

The micro-organisms causing different categories of food-borne illnesses associated
with fish and fishery products are indicated in Table 11.

TABLE 11
Types of fish- and seafood-borne illnesses
Types of illness Causative agent
Infections Bacterial infections Listeria monocytogenes, Salmonella sp., Escherichia coli,
Vibrio vulnificus, Shigella sp.
Viral infections Hepatitis A virus, norovirus, hepatitis E
Parasitic infections Nematodes (round worms), cestodes (tapeworms),
trematodes (flukes)
Toxi-infections Vibrio cholerae, Escherichia coli, Salmonella sp.
Intoxications Microbial Staphylococcus aureus, Clostridium botulinum
Biotoxins Ciguatera, paralytic shellfish poisoning (PSP), diarrhoeic

shellfish poisoning (DSP), amnesic shellfish poisoning (ASP),
neurotoxic shellfish poisoning (NSP), histamine

Chemical Heavy metals: mercury, cadmium, lead. Dioxins and
polychlorinated biphenyls (PCBs). Additives: nitrites,
sulphites

The natural habitat of the pathogenic bacteria varies and, based on their ecology, the

bacteria may be grouped into three categories:
®  bacteria indigenous to the aquatic environment (Table 12);
®  Dbacteria indigenous to the general environment (Table 13);
e  bacteria derived from animal/human reservoir (Table 14).

Bacteria that are indigenous to the aquatic environment and the general environment
may be associated with fish at primary production stage (aquaculture or fish harvesting),
and those derived from general environment or from the animal/human reservoir may
be introduced as a result of contamination during handling and processing of fish. In
either case, the initial levels of the bacteria are generally low and multiplication of the
organism in fish to reach an infective dose or to produce toxin in fish precedes fish-
borne illnesses. Therefore, for management of risk due to these pathogens, preventing
their growth would be very important. Most of the pathogenic bacterial species have
non-pathogenic environmental strains. For example, among V. cholerae, only those
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belonging to serovar O1 and O139 cause the disease cholera (FAO/WHO, 2005b).
Some strains of non-O1/non-O139 V. cholerae may cause gastroenteritis. Among
V. parahaemolyticus, only a small percentage of environmental strains are pathogenic
to humans. In some pathogens such as V. vulnificus and L. monocytogenes, it is
currently not possible to distinguish pathogenic and non-pathogenic strains.

TABLE 12
Pathogenic bacteria indigenous to the aquatic environment

Levels in fish at primary

Organism Distribution production stage

Clostridium botulinum Worldwide, higher incidence in < 0.1-5.3 spores/g fish
Non-proteolytic types B, E, F temperate waters
Vibrio cholerae Warm (> 15 °C) freshwater, Generally low
estuarine and coastal
environments

Vibrio parahaemolyticus Warm (> 15 °C) estuarine and Generally low, up to 10>-10%/g
coastal environments

Vibrio vulnificus

Aeromonas spp. Warm (> 15 °C) freshwater, Generally low
estuarine and coastal
environments

Plesiomonas shigelloides Freshwater, worldwide Generally low

Source: Modified from Huss (1997).

Pathogenic bacteria from the general environment may be found commonly in soil,
dust, vegetation, water and on various food contact surfaces. These bacteria may be
often present on fish, but mostly in small numbers.

TABLE 13
Pathogenic bacteria indigenous to the general environment

Levels in fish at primary

Organism Distribution production stage

Listeria monocytogenes Worldwide, soil, vegetation, < 102 cfu/g in fish
silage, sewage, water

Clostridium botulinum Worldwide, soil Generally low

proteolytic type A, B

Clostridium perfringens Type A Worldwide, soil Generally low

Bacillus cereus Worldwide, soil, vegetation, Generally low
water

Sources: Modified from Huss (1997) and Brenner et al. (2000).

Pathogenic bacteria derived from the animal/human reservoir (Table 14) may
survive in the environment and even multiply there. Therefore, adoption of GHPs may
reduce but not eliminate the chances of contamination of fish with these pathogens. As
the levels of bacteria present as a result of such contamination from the environment
are generally low, growth in fish before consumption is required to cause disease
in humans. Thus, in addition to GHPs, it is important to take measures to prevent
multiplication of pathogens in fish before consumption.
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TABLE 14

Pathogenic bacteria in the animal/human reservoir

Organism

Distribution

Levels in fish at primary
production stage

Salmonella enterica subspecies |

Worldwide, warm-blooded animals

Absent or generally low

Salmonella enterica subspecies |-V

Worldwide, cold-blooded animals
and environment

Absent or generally low

Shigella spp.

Worldwide, humans and few
primates

Absent or generally low

Pathogenic Escherichia coli (EPEC,
ETEC, EAEC, EIEQ)

Worldwide, warm-blooded animals

Absent or generally low

Campylobacter spp.

Worldwide, warm-blooded animals

Absent or generally low

Staphylococcus aureus

Worldwide, warm-blooded animals

Absent or generally low

Pathogenic bacteria are discussed in detail in the following sections.

3.2.1.1  Vibrio spp.

More than 80 species have been included in the genus Vibrio, of which at least 12 are
capable of causing human infections (Oliver and Kaper, 2007). Members of this genus
are Gram-negative curved or straight rods motile by polar flagellum. Vibrio spp.
ferment glucose without producing gas, and most species produce oxidase and catalase.
Vibrio spp. are commonly isolated from estuarine, coastal marine environments
(some species such as Vibrio cholerae are found in freshwater) all over the world and
seafood-borne illnesses are primarily caused by Vibrio parahaemolyticus, V. vulnificus
and V. cholerae (FAO/WHO, 2003a). Of these, V. parahaemolyticus and V. cholerae
cause gastrointestinal disease, while V. vulnificus causes septicaemia. In the United
States of America, the incidence of food-borne Vibrio infections increased in 2006
to the highest level since the FoodNet surveillance programme began (CDC, 2007),
and the infections are most often associated with consumption of raw oysters. The
emergence of a pandemic strain of V. parahaemolyticus (Nair et al., 2007) and outbreaks
of illness in Alaska, the United States of America, (McLaughlin ez al., 2005) and Chile
(Cabello et al., 2007) have led to increased interest among seafood safety managers
in Vibrio spp. Table 15 indicates Vibrio spp. associated with human infections, both
intestinal and extra-intestinal.

TABLE 15
Human pathogenic Vibrio spp.

Occurrence in intestinal Occurrence in non-intestinal

Species infections infections
V. cholerae 01/0139 ++++ +
Non-01/0139 V. cholerae ++ ++
V. parahaemolyticus ++++ +
V. wulnificus + o
V. fluvialis ++ —
V. furnissi ++ _
V. mimicus ++ +
V. hollisae (now reclassified as ++ -
Grimontia hollisae)

V. metschnikovii + +
V. alginolyticus - ++

V. carchariae -

V. cincinnatiensis -

V. damsela -

Note: + indicates frequency of occurrence in clinical samples
Source: Modified from FAO/WHO (2001).

3.2.1.2  Vibrio parabaemolyticus

Epidemiological aspects: Since its first recognition as a food-borne pathogen in Japan
in the 1950s, V. parahaemolyticus has been implicated in several outbreaks and cases of



Characterization of hazards in seafoods

37

gastroenteritis in different parts of the world (Joseph ez al., 1982). Early studies in Japan
showed that 96 percent of clinical strains produce a thermostable direct haemolysin
(TDH), while only 1 percent of the environmental strains produce this haemolysin
(Sakazaki, Iwanami and Tamura, 1968). Subsequently, TDH-negative strains from
clinical cases were found to produce a TDH-related haemolysin, TRH (Honda, Ni
and Miwatani, 1988). Currently, strains producing TDH and TRH are considered
pathogenic to humans. Diverse serotypes may be associated with human infections,
but, recently, strains belonging to the O3:K6 serotype and its variants have been found
to be the causative agent of several outbreaks in different countries (Nair et al., 2007).
Although several publications refer to these strains as “pandemic” strains, Nair et al.
(2007) pointed out that this is misleading in the epidemiological sense, because although
outbreaks have been reported from different continents (except Oceania), they have
not affected exceptionally high proportions of the population. Nevertheless, strains
belonging to this group show clonality in molecular typing methods such as arbitrarily
primed polymerase chain reaction (PCR), ribotyping or pulsefield gel electrophoresis
(PFGE) and are characterized by presence of only tdh gene (and not t7h gene), some
mismatches in nucleotides in the toxRS gene, and presence of an open reading frame
ORFS8 derived from a filamentous bacteriophage {237 (Nair et al., 2007).

In Japan, V. parahaemolyticus is one of the most common causes of gastroenteritis
and, annually, 500-800 outbreaks affecting 10 000 people are reported (FAO/WHO,
2011b). This organism is the leading cause of food-borne illness in Taiwan Province of
China, causing 197 outbreaks in the period 1986-1995 (Pan et al., 1997) and accounted
for 69 percent of the food-borne cases between 1981 and 2003 (Su and Liu, 2007).
V. parahaemolyticus accounted for 31.1 percent of 5 770 food-borne outbreaks that
occurred in China from 1991 to 2001 (Liu et al., 2004). In the United States of America,
FoodNet data indicate that the yearly estimates of food-related illness attributed to
V. parabhaemolyticus for 1996, 1997 and 1998 were approximately 2 700, 9 800, and
5 600, respectively, and 62 percent of these were due to raw oyster consumption
(FDA, 2005). It is also estimated that, due to under-reporting, the number of cases
was underestimated by a factor of 1:20. In the period 1997-98, more than 700 cases
(4 major outbreaks) occurred in the Gulf Coast, Pacific Northwest and Atlantic
Northeast regions (Su and Liu, 2007). The outbreak that occurred in Alaska in 2004
extended by 1 000 km the northernmost documented source of oysters that caused
illness (McLaughin et al., 2005).An outbreak involving 177 cases was reported in
Washington and British Columbia in 2006 (CDC, 2006a). Seatood-borne diarrhoea
was rare in Chile until 1998, when about 300 clinical cases due to V. parahaemolyticus
0O3:K6 were reported (Gonzalez-Escalona er al., 2005). However, the number of cases
came down to fewer than 10 per year until it rose again in 2004 causing large outbreaks
in the environs of Puerto Montt in southern Chile with approximately 1 500, 3 600 and
900 cases in 2004, 2005 and 2006, respectively (Fuenzalida et al., 2007).

Only two cases involving oyster consumption have been reported from Australia
(FAO/WHO, 2011b). In a hospital-based surveillance in Kolkata, India, in the
period 2004-05, V. parahaemolyticus accounted for 1.2 percent of enteropathogens
detected (NICED, 2006). In some parts of Thailand, V. parahaemolyticus appears
to be a common cause of gastroenteritis. In 1999, 317 cases were recorded in just
two hospitals in Hat Yai City (Laohaprertthisan er al., 2003). Until a decade ago,
V. parahaemolyticus infections were considered rare in Europe, but this could be
because such infections are not notifiable. An outbreak involving oyster consumption
in 64 people occurred in 1999 in Galicia, Spain (Lozano-Leon er al., 2003), and an
outbreak that affected 44 people and linked to imported seafood was reported from
France in 1997 (Robert-Pillot et al., 2004). A further outbreak involving 80 people
was reported from Spain in 2004 (Martinez-Urtaza er al., 2005). Strains belonging
to the pandemic clone have been involved in sporadic cases in Europe. Analysis of
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13 clinical isolates of V. parabaemolyticus obtained in the period 1997-2004 in France
showed that five isolates (one isolated in 1997, 1998, 1999 and two in 2003) belonged
to the O3:K6 serotype and had molecular features of the pandemic clone (Quilici ez
al., 2005). In Spain, there were two clinical isolates of V. parahaemolyticus O3:K6
and one of O3:KUT that showed molecular features of the pandemic clone during
an oyster associated outbreak in 2004 (Martinez-Urtaza et al., 2005). One case of
V. parahaemolyticus O3:K6 gastroenteritis was reported from Italy in 2007 and one
in 2008 (Ottaviani et al., 2010). The pandemic clone of V. parabaemolyticus has also
been isolated from the Russian Federation (Smolikova et al., 2001) and also from
Mozambique, Africa (Ansaruzzaman et al., 2005).

V. parahaemolyticus gastroenteritis has been associated with a variety of fish and
shellfish. While oysters have been the most common source in recent outbreaks in
the United States of America and Europe, there have been reports of involvement of
other types of seafood, including clams, shrimp, lobster, crayfish, scallops, crabs and
finfish. In Japan, implicated foods include sashimi, pieces of raw fish fillet (responsible
for 26 percent of outbreaks), followed by sushi, vinegary rice balls with pieces of
raw fish fillet (23 percent), shellfish (16 percent) and cooked seafood (12 percent)
(Anon., 2000a). In one study in Thailand, mackerels were found to be an important
source (Atthasampunna, 1974). In countries such as India, where seafood is generally
consumed after cooking, cross-contamination in the kitchen could be the cause
of outbreaks (Nair et al., 2007). Outbreaks of V. parahaemolyticus gastroenteritis
aboard two Caribbean cruise ships reported in 1974 and 1975 (Lawrence et al., 1979)
were most probably caused by contamination of cooked seafood by seawater from
the ships’ seawater fire systems. In 1972, an estimated 50 percent of 1 200 persons
who attended a shrimp feast in Louisiana in the United States of America became ill
with V. parabaemolyticus gastroenteritis (Barker and Gangarosa, 1974), and samples
of uncooked shrimp tested positive for the organism. Three outbreaks occurred
in Maryland in the United States of America in 1971 (Dadisman et al., 1972), with
steamed crabs being implicated in two of the outbreaks after cross-contamination
with live crabs. The third outbreak was associated with crabmeat that had become
contaminated before and during canning.

Gastroenteritis due to V. parahaemolyticus infection is usually a self-limiting illness
of moderate severity and short duration, and the symptoms include explosive watery
diarrhoea, nausea, vomiting, abdominal cramps, and less frequently headache, fever and
chills (FAO/WHO, 2011b). On rare occasions, septicaemia, an illness characterized
by fever or hypotension and the isolation of the micro-organism from the blood, can
occur, particularly in immunocompromised individuals. In these cases, subsequent
symptoms can include swollen, painful extremities with haemorrhagic bullae, and the
duration of illness can range from 2 hours to 10 days (FAO/WHO, 2011b).

Dose-response estimations have been made for V. parahaemolyticus based on data
from human volunteers (FDA, 2005; FAO/WHO, 2011b). These suggest that there
is a low risk (< 0.001 percent) of gastroenteritis following consumption of 10 cells of
pathogenic V. parahaemolyticus and a high risk (50 percent) when 10%cells are consumed.
However, in the outbreak that occurred in Alaska, the levels of V. parabaemolyticus in
oysters in the farm were in the range 0.3-430 MPN/g and the strains predominantly
belonged to the O6:K18 serotype (McLaughin ez al., 2005). It is not known whether
some strains and those belonging to the O3:K6 serovar have a lower infective dose.

Ecology and association with fish and fishery products: Vibrio parahaemolyticus
is found in the estuarine and coastal environments in the tropical to temperate zones
(Joseph et al., 1982). This organism is considered to be part of the autochthonous
microflora in these environments, and there is no correlation between the presence
of this organism and faecal contamination of the environments (Kaneko and
Colwell, 1977; Joseph et al., 1982). V. parahaemolyticus has been isolated from
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seawater, sediment, marine animals, plankton, various fish and shellfish species
(Joseph er al., 1982). The organism has been isolated from a number of fish species
and is associated primarily with the intestinal contents (Nair, Abraham and Natarajan,
1980). Thus, V. parahaemolyticus is naturally present in shellfish (shrimp and molluscan
shellfish) growing and harvesting areas. Certain areas may have more favourable
environmental conditions that support the establishment, survival and growth of the
organism such as temperature, salinity, zooplankton, tidal flushing (including low-tide
exposure of shellfish) and dissolved oxygen (Amako er al., 1987; Garay, Arnau and
Amaro, 1985; Kaneko and Colwell, 1977; Venkateswaran et al., 1990). In temperate
waters, V. parahaemolyticus is often detected in warmer months, and the organism has
been reported to survive in the sediment during winter (Kaneko and Colwell, 1977).
However, in tropical waters, V. parahaemolyticus can be detected throughout the
year (Natarajan, Abraham and Nair, 1980; Deepanjali et al., 2005). While salinity and
temperature are considered important factors influencing the prevalence and levels of
V. parahaemolyticus in temperate waters, (Kaneko and Colwell, 1977; DePaola er al.,
2003), salinity appears to be the major factor in tropical waters (Deepanjali et al., 2005).
V. parahaemolyticus can grow in sodium chloride (NaCl) concentrations ranging from
0.5 to 10 percent with optimum levels between 1 and 3 percent (Colwell ez al., 1984).
Adsorption of V. parahaemolyticus on to plankton- or chitin-containing materials
occurs with higher efficiency under conditions of estuarine salinity (Kaneko and
Colwell, 1975). In freshwater systems, the presence of this organism has been reported
to be transient and dependent on a biological host (Sarkar ez al., 1985).

In shrimp, the levels range from undetectable to 10*/g, high counts being rare
(Cann, Taylor and Merican, 1981; Karunasagar, Venugopal and Karunasagar, 1984),
and, in finfish, levels of ~88/g have been reported (Chan er al., 1989). As oysters have
been implicated in several outbreaks, the abundance of V. parahaemolyticus in oysters
has been extensively studied. In oysters in the United States of America, the levels
detected range from undetectable to 10*/g. On the Atlantic and Gulf coasts, only
5 percent of samples had counts exceeding 10°/g (Cook, Bowers and DePaola, 2002). In
Alabama oysters, the levels in the summer of 1999 were in the range of 10>-10%/g, and
the high levels (10*/g) reported in shell stock in the market are attributed to post-harvest
growth (De Paola er al., 2003). Similar levels have been reported from oysters in India
(Deepanjali et al., 2005). In Hiroshima Bay, Japan, the prevalence was 69 percent with
levels ranging from 10!-10°/100 g (Ogawa et al., 1989). With the availability of specific
DNA probes, it is possible to enumerate total and pathogenic V. parabaemolyticus
(DePaola et al., 2003; Deepanjali et al., 2005). In the United States of America, the
mean pathogenic V. parabaemolyticus as a percentage of total V. parahaemolyticus
ranged from 0.3 to 3.2 in different regions (FDA, 2005). In India, only 10.2 percent of
oyster samples were positive for pathogenic strains and, in these, the mean percentage
pathogenic was 3.62 (Deepanjali ez al., 2005). Ten percent of various shellfish tested
in Japan were positive for pathogenic V. parahaemolyticus with counts in the range of
< 3-93/10 g (Hara-Kudo et al., 2003).

In Japan, the prevalence and levels of V. parahaemolyticus in the imported frozen
seafood sampled at Osaka port and imported fresh seafood sampled at Kansai
international airport in the period 1998-2000 has been reported by Chowdhury et al.
(2001). Out of 335 frozen samples examined, 65 samples (19 percent) were positive
while 234/949 fresh seafood samples (25 percent) were positive. Tuna had the highest
prevalence in several different species of fresh seafood, and shrimp had the highest
prevalence in frozen seafood, while Spanish mackerel had a lower prevalence. Of the
1 298 V. parahaemolyticus strains isolated, 2 strains (0.15 percent) contained the tdh
gene and 17 strains (1.3 percent) contained the trh gene.

Growth and survival in seafoods: V. parahaemolyticus is a mildly halophilic
(NaCl range 0.5-10 percent, optimum 3 percent) mesophilic (growth temperature
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range 543 °C, optimum 37 °C) organism (ICMSF, 1996). This organism can grow
in a pH range of 4.8-11, with the optimum being 7.8-8.6. At optimum temperature,
the doubling time in shrimp was 9-10 min, and at 18.3 °C it was 144 min (Katoh,
1965). At 20 °C, the doubling time was 34 min in raw shrimp and 28 min in cooked
shrimp (Liston, 1974). Growth rates in a range of seafoods and tryptic soy broth with
2.5 percent NaCl have been recorded and summarized (ICMSF, 1996). These data
indicate that moderate populations of 10>-10° organisms/g on seafood can increase
to > 10° organisms/g in 2-3 h at ambient temperatures between 20 °C and 35 °C
(ICMSF, 1996). V. parahaemolyticus can grow at a water activity of 0.940-0.996, with
0.981 being optimal (ICMSF, 1996). The ability of V. parahaemolyticus to grow in raw
fish/shellfish depends on the species. In the oyster Crassostrea virginica, Cook and
Ruple (1989) reported that levels of V. parahaemolyticus increased at temperatures
above 10 °C, but in most cases did not detect an increase during storage at 10 °C. After
one day of storage at either 22 °C or 30 °C the levels of V. parahaemolyticus were
2-3 orders of magnitude higher than those at harvest. Gooch ez al. (2002) reported
a 50-fold increase in V. parahaemolyticus levels after storage at 26 °C for 10 h and
a 790-fold increase after 24 h. After refrigeration at 3 °C for approximately 14 days,
a 6-fold decrease in the levels was observed. The results from these studies indicate
that V. parahaemolyticus can grow rapidly in unrefrigerated oysters. However,
Eyles, Davey and Arnold (1985) found that Vibrio parahaemolyticus grew poorly or
not at all during storage of unopened Sydney rock oysters (Crassostrea glomerata)
at 15 °C and 30 °C for 2 and 7 days. Although V. parahaemolyticus counts often
increased at 30 °C, counts above 10*/g were not observed. A mathematical model to
predict the growth rate of V. parahaemolyticus over a range of temperature and water
activity conditions has been developed by Miles er al. (1997), which was used in the
FAO/WHO risk assessment for V. parahaemolyticus in raw oysters (FAO/WHO,
2011b). Studies conducted in Japan show that in unshucked round clams and turban
clams, V. parahaemolyticus did not grow at 10 °C and 25 °C, but in the meat of round
clams, the counts increased by one log at 25 °C in 6 h (FAO/WHO, 2011b).

In the United States of America, the National Shellfish Sanitation Program
stipulates that commercial shellfish must be refrigerated within 10 h after harvest,
when the water temperature exceeds 27 °C (Drake, DePaola and Jaykus, 2007). The
commercial cooling of oyster sacks has been estimated to take an average of 5.5 h
(FDA, 2005) and some multiplication of V. parahaemolyticus might occur during this
cooling time. Cook, Bowers and DePaola (2002) noted that V. parabaemolyticus levels
in retail oysters were 1-2 log,, greater than at harvest. A number of studies indicate
that V. parahaemolyticus dies when exposed to temperatures < 5-7 °C, with the highest
mortality rate being in the range 0-5 °C (ICMSF, 1996). Freezing combined with frozen
storage for 30 days at —30 °C and —15 °C is projected to result in a 1.2- and 1.6-log10
reduction of V. parahaemolyticus numbers in oysters, respectively. A similar decline
(2-3-logto) of V. parahaemolyticus (natural population and dosed with pathogenic
O3:K6 serotype) was observed in oysters frozen for 35 days at —20 °C (FDA, 2005).
Both pathogenic and non-pathogenic strains have been observed to respond similarly
to freezing (FDA, 2005). The United States Interstate Shellfish Sanitation Conference
(ISSC) has accepted freezing combined with frozen storage as an acceptable means of
post-harvest treatment to control V. parahaemolyticus and V. vulnificus, which should
be validated and HACCP compliant according to Code of Federal Regulation 21
CFR 123 (Drake, DePaola and Jaykus, 2007).

V. parahaemolyticus is sensitive to heat, and the ISSC has accepted heat as a post-
harvest treatment to control this organism in shellfish (Drake, DePaola and Jaykus,
2007). The reported D-value in crab homogenate is < 1.0 min at 65 °C, and 2.5 min at
55 °C (ICMSF, 1996). In clam homogenates, the D-value is even lower (0.35-0.72 min
at 49 °C), which could be because of the sensitivity of the organism to acidic pH



Characterization of hazards in seafoods

41

(ICMSF, 1996). Cook and Ruple (1992) observed a 6-logio reduction in V. vulnificus
levels when shucked oysters were heated to an internal temperature of 50 °C for
5 min. Vibrio parahaemolyticus and V. vulnificus have been reported to have similar
sensitivity to heat (FDA, 2005). Other studies have shown that a 4.5-6-log1o reduction
in V. parahaemolyticus densities could be expected by treating shucked oysters for
5 min at 50 °C (FDA, 2005). However, these studies observed that there is substantial
variability in heat resistance among different strains. For example, when strains of
serotype O3:K6 in phosphate buffered saline solution (PBS) were subjected to a mild
heat treatment, there was a ~2-logto reduction. However, when non-O3:K6 pathogenic
strains were treated similarly, a much greater reduction (~6-logio) was observed
(FDA, 2005).

Vibrios are sensitive to high hydrostatic pressure, and high-pressure treatment is
emerging as a promising technology for control of pathogens in foods. D-values of
5.1 min and 4.0 min for V. parahaemolyticus cells treated with 170 MPa (10 atm =
1 megaPascal) at 23 °C in PBS and clam juice, respectively, have been reported (Styles,
Hoover and Farkas, 1991). Various pathogenic vibrio species (approximately 107 cfu/g)
including V. parahaemolyticus were reduced to below detectable levels after 15 min
at 250 MPa and 5 min at 300 MPa (Berlin et al., 1999). After treatment for 30 s at
345 MPa, there was a 6-logio reduction in the level of V. parabaemolyticus resulting in
< 10 cfu/ml. After 10 min at 240 MPa, the levels in the oysters ranged from
< 10 cfu/ml to ~30 cfu/ml (Calik er al., 2002). However, Vibrio parahaemolyticus
strains vary in their resistance to high pressure with serotype O3:K6 strains being more
resistant (Cook, 2003). For this serotype, the average reduction was approximately
6-log10 after 5 min at 250 MPa in PBS with a range of from 5-logto to > 9.6-logto,
while for pathogenic strains of other serotypes the average logio reduction under the
same conditions was ~12-log10 reduction with a range of from 9.6-log1o to > 15-logio
(Cook, 2003).

Relaying is a process in which bivalve molluscs are removed from a microbiologically
contaminated growing area to an acceptable growing or holding area under the
supervision of the agency having jurisdiction and holding them there for the time
necessary for the reduction of contamination to an acceptable level for human
consumption (CAC, 2008a). This is not effective for V. parahaemolyticus as the
organism is ubiquitous in the estuarine and coastal environments. Depuration is the
process in which the reduction of micro-organisms to a level acceptable for direct
consumption is achieved by the process of holding live bivalve molluscs for a period
under approved, controlled conditions in natural or artificial seawater suitable for
the process, which may be treated or untreated (CAC, 2008a). Depuration has been
generally reported to have no significant effect on decreasing the level of Vibrio spp. in
naturally infected oysters or clams, and some reports indicate that these microbes may
even multiply in depurating shellfish, tank water, and plumbing systems (Eyles and
Davey, 1984; Greenberg, Duboise and Palhof, 1982). However, reductions have been
observed by some investigators, e.g. a 1-logio reduction in V. parahaemolyticus in the
hard-shell clam, Mercinaria mercinaria, after 72 h of depuration at room temperature
and > 2-logio reduction at 15 °C (Greenberg, Duboise and Palhof, 1982); a 5-logio
reduction in laboratory-infected oysters (Son and Fleet, 1980).

Risk assessments: The Food and Drug Administration (FDA, 2005) and FAO/
WHO (2011b) have carried out quantitative risk assessment of Vibrio parahaemolyticus
in raw oysters. In the FDA risk assessment, based on data available in the United States
of America, a model for predicting V. parabaemolyticus levels in oysters based on water
temperature was developed. The post-harvest oyster handling practices in the United
States of America and the effect of these practices on levels of V. parahaemolyticus
were modelled. Growth of V. parahaemolyticus in American oysters at 26 °C reported
by Gooch er al. (2002) and the model developed by Miles et al. (1997) for estimating
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growth rate at different temperatures in broth were used to model the growth in oysters
in the post-harvest module. Data from two regions in the United States of America
(Pacific Northwest and Gulf coast) were used to estimate the proportion of strains that
are pathogenic. It was estimated that about 50 percent of oysters are consumed raw and
that each serving would be about 200 g. The FDA risk assessment predicted the mean
annual number of illnesses to be the highest in the Gulf coast region with 1 406, 132,
7 and 505 cases occurring in summer, autumn, winter and spring, respectively. The
current ISSC/FDA guideline recommends that if V. parabaemolyticus levels in oysters
exceed 5 000/g, they have to be tested for pathogenic (tdh+) strains, and if positive,
harvesting is to be closed (FDA, 2005). The risk assessment estimated risk reductions
that can be achieved by having a control plan based on levels of V. parahaemolyticus
at harvest in oysters. A standard of 5 000/g V. parahaemolyticus at the time of harvest
could (potentially) eliminate 28 percent of the illnesses associated with the consumption
of oysters from the Gulf coast region, with 6 percent of the harvest having to be
diverted from the “raw market” (FDA, 2005). The risk assessment suggests that in the
absence of subsequent post-harvest mitigations, “at harvest” guidance levels of 107
10%, 10? total V. parahaemolyticus per gram could potentially reduce the illness rate
by 1.6, 68 and 98 percent with corresponding impacts of 0.25, 21 and 66 percent of
the harvest, respectively. If the control is applied on the basis of V. parahaemolyticus
levels at retail, a standard to 10*/g would reduce illness by 99 percent and 43 percent of
the harvest would have to be diverted from the raw market. A 5 000/g standard could
almost eliminate almost 100 percent of illnesses, with 70 percent of the harvest having
to be diverted from the raw market (FDA, 2005).

FIGURE 7
Schematic diagram of post-harvest module of V. parahaemolyticus risk assessment

Source: FAO/WHO (2011b).

The FAO/WHO risk assessment of V. parahaemolyticus in raw oysters used a
similar approach (Figure 7) to estimate risk of illness in Australia, New Zealand,
Canada and Japan (FAO/WHO, 2011b). Local data on water and air temperature, local
harvest practices and prevalence of V. parahaemolyticus in oysters in these countries
were used: also used were data from the United States of America on proportion of
pathogenic V. parabhaemolyticus, multiplication of V. parahaemolyticus in oysters,
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consumption patterns and under-reporting of illness. The model predicts an annual
incidence of 91 cases for Australia, 66 for Japan and 186 for Canada. Epidemiological
data indicate that there were only 2 cases in Australia in 18 years, and 212 cases in
10 years (1997-2006) in Canada (FAO/WHO, 2011b). The overestimation of illness
could be due to several factors such as growth of V. parahaemolyticus in different oyster
species (no growth reported for Sydney rock oysters even at ambient temperatures),
presence and proportion of pathogenic V. parahaemolyticus and under-reporting
factors in the model used for the United States of America. The risk assessment also
estimated the impact of three different limits for V. parahaemolyticus: 100 ctu/g,
1 000 cfu/g and 10 000 cfu/g applied when the products are cooled after harvesting,
when the population of V. parahaemolyticus has stabilized, i.e. when the temperature
becomes too low for further growth but not so low that die-off occurs (Table 16). At
the standard of 100/g, a 99 percent reduction in illness in Australia and Japan can be
achieved with a diversion of 67 percent and 16 percent of oysters from raw markets,
respectively (FAO/WHO, 2011b). This shows that the impact of implementation of
criteria could be diverse in different geographical regions.

TABLE 16
Reduction in illness, based on meeting specified target numbers of V. parahaemolyticus,
together with commensurate rejection of product for raw consumption

Reduction (%) in the number of predicted Product (%) rejected to achieve these
ilinesses reductions in illnesses
Specified Australia Ze’::::\ d Japan Australia Z:.l;l-‘::g d Japan
target (summer) (T, (autumn) (summer) o (autumn)
100 cfu/g 99 96 929 67 53 16
1000 cfu/ g 87 66 97 21 10 5
10 000 cfu/g 52 20 20 2 1 1

Source: FAO/WHO (2011b).

FAO and the WHO have also carried out risk assessment of V. parahaemolyticus
in raw and undercooked finfish (FAO/WHO, 2011b). The assessment was done
for Japanese horse mackerel (Trachurus japonicus) because 282 000 tonnes of horse
mackerel is harvested in Japan annually and 30 percent of this is consumed raw as
sushi or sashimi in Japan. Japanese published and unpublished data on the prevalence
and concentration of V. parahaemolyticus in horse mackerel at different steps in the
food chain were used in the risk assessment. The average consumption weight per
serving was estimated to be 73 g. It was assumed that the levels of V. parahaemolyticus
on the surface of the fish and in the intestines at harvest were proportional to that of
the gill, with the ratio calculated from the data reported in one of the Japanese studies
(FAO/WHO, 2011b). The V. parahaemolyticus numbers were estimated for different
scenarios: no washing, washing fish in clean water, washing fish in water that contains
V. parahaemolyticus. The probability of becoming ill per serving of raw horse mackerel
was estimated to be 8.77 x 107 (best scenario) to 3.75 x 10 (worst scenario). The
estimated number of cases per year would be 70-3 000 in Japan.

Yamamoto et al. (2008) reported quantitative risk assessment of V. parahaemolyticus
in bloody clams (Anadara granosa) in southern Thailand. The prevalence and
concentration of V. parahaemolyticus, and the proportion of pathogenic strains in
bloody clam at harvest and retail were estimated by the MPN-PCR method. This study
estimated the illness rate to be 610 000 persons/year.

Risk management strategies: Currently available risk assessments indicate that
there are wide geographical variations in the predicted number of illnesses from
V. parahaemolyticus owing to a number of factors such as prevalence and levels of
total and pathogenic strains, post-harvest and consumption practices. Even for a
single commodity, e.g. raw oysters, the predicted level illness even within a country
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(e.g. the United States of America) varies in different regions. Therefore, it would not be
possible to suggest a globally applicable microbiological criterion even for raw oysters.
However, considering the outputs of various risk assessments, the Recommended
Code of Hygienic Practice for Vibrio spp. in Seafood has an annex on control measures
for V. parabaemolyticus and V. vulnificus in raw bivalve molluscs (CAC, 2010).

3.2.1.3  Vibrio vulnificus

Epidemiological aspects: Vibrio vulnificus is a common inhabitant of warm-water
estuarine environments all over the world. Currently, three biotypes are recognized
based on a combination of phenotypic, serologic and host-range characters (Drake,
DePaola and Jaykus, 2007). Biotype 1 strains are indole positive, serologically diverse
and are associated with human infections. Biotype 2 strains are indole negative and
considered mainly as eel pathogens, but may also be opportunistic human pathogens,
being associated with infections in eel handlers. This biotype has three serotypes, and
strains associated with eel and human infections belong to serotype E (Sanjuan and
Amaro, 2004). Biotype 3 has five atypical biochemical characters, genetically clonal
and has been isolated from 62 Israeli patients with wound infection or septicaemia.
This biotype has not been associated with food-borne infections (Drake, DePaola and
Jaykus, 2007). The virulence of this organism seems to be related to multiple factors
such as presence of a polysaccharide capsule, ability to obtain iron from transferrin,
ability to produce extracellular enzymes and exotoxin (Drake, DePaola and Jaykus,
2007). Most of the virulence-associated factors are present in more than 95 percent
of environmental strains. Recent molecular studies suggest that it may be possible to
differentiate clinical and environmental strains. Rosche, Yano and Oliver (2005) using
nucleotide sequence analysis showed that Biotype 1 strains could be distinguished
into two types that strongly correlate with clinical (C) or environmental (E) origin.
C-genotypes showed greater resistance to human serum than E-genotypes and
had lower LDy, suggesting that C-genotype strains may be more virulent (Bogard
and Oliver, 2007; Rosche, Binder and Oliver, 2010). While similar levels of C- and
E-genotypes were found in estuarine waters, oysters had 85 percent E-genotypes
(Warner and Oliver, 2008).

The disease rarely (< 5 percent) occurs in healthy individuals, and liver disease
(including cirrhosis due to alcohol consumption) is a risk factor for V. vulnificus
infection. Other predisposing factors are diabetes, gastrointestinal disorders (ulcer,
surgery), haematological conditions, and immunocompromised condition associated
with cancer and therapy with immunosuppressive drugs. The fatality rate (about
50 percent) is the highest among food-borne pathogens (FAO/WHO, 2005c).
However, the attack rate is low, with one illness occurring per 10 000 meals of raw
United States Gulf coast oysters (containing V. vulnificus) served to the highest-risk
population, i.e. people with liver diseases (FAO/WHO, 2005c). The incubation period
ranges from 7 h to 10 days, with symptoms appearing within 36 h in most cases
(Oliver and Kaper, 2007). Most patients present with sudden onset of fever and chills,
generally accompanied with nausea, vomiting, abdominal pain, hypotension (systolic
pressure <85 mm). In more than 60 percent cases, secondary lesions appear, mostly on
the legs that often develop necrotizing fascitis or vasculitis that may require surgical
debridement or amputation (Strom and Paranjapaye, 2000; Oliver and Kaper, 2007).
V. vulnificus can be isolated from blood and cutaneous lesions. Epidemiological data
suggest that men are more susceptible than women to V. vulnificus infection (Shapiro et
al., 1998; Merkel er al., 2001). Rare cases of atypical infections have been reported, and
these include septic arthritis (Johnson and Arnett, 2001), meningoencephalitis (Kim
et al., 2003a) and ocular infection (Jung et al., 2005) following consumption of raw
oysters or raw fish. Apart from primary septicaemia, V. vulnificus may be associated
with wound infections, and Strom and Paranjapye (2000) noted that 69 percent of such
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infections were associated with occupational exposures among oyster shuckers and
commercial fishers. Wound infections may progress to echymoses, cellulitis, bullae and
necrotizing fasciitis, but the mortality rate (25 percent) is much lower than in the case
of primary septicaemia (Jones and Oliver, 2009), but 50 percent of cases may require
surgical debridement or amputation. V. vulnificus infection may also result in mild
gastroenteritis with vomiting, diarrhoea and abdominal cramps.

It is estimated that about 100 cases of primary septicaemia due to V. vulnificus
occur per year in the United States of America (Drake, DePaola and Jaykus, 2007).
The Korean Center for Disease Control estimates 40-70 confirmed cases per year,
and this high rate is suspected to be due to consumption of raw seafood or higher
prevalence of predisposing factors (Drake, DePaola and Jaykus, 2007). However, in
Japan, Inoue et al. (2008) estimated 12-24 cases per year, and in Taiwan Province of
China, there was a peak occurrence in 2000 with 26 cases per million of the population
(Hsueh er al., 2004). In Japan, oysters are not the primary source, as raw oysters are
eaten only in winter and most infections occur in the period June-November with a
peak in July. A mud shrimp, Upogebia major, was the common agent associated with
V. vulnificus infections (Inoue et al., 2008). Most cases occurred in western Japan, with
about 50 percent of cases occurring in Kyushu. In Japan, 72.3 percent of infections had
septicaemia, and the mortality rate was 75 percent. Most patients (86.5 percent) had
liver function impairment, with 56.9 percent having liver cirrhosis and 10.1 percent
liver cancer (Inoue et al., 2008). Three cases in Kumamoto Prefecture, Japan, were
attributed to consumption of raw flathead fish that had been marinated in soy sauce
for one day (Ono, Inoue and Yokoyama, 2001). In Europe, V. vulnificus infections are
rare and mostly wound infections (Baker-Austin et al., 2010). Rare cases of septicaemia
have been reported from Thailand (Thamlikitkul, 1990) and India (Saraswathi, Barve
and Deodhar, 1989).

Ecology and association with fish and fishery products: Vibrio vulnificus is a
natural inhabitant of warm estuarine and coastal environments throughout the world.
The organism has been isolated from waters where the temperatures range from
9-31 °C and proliferates in waters where temperature exceeds 18 °C (Kaspar and
Tamplin, 1993; Strom and Paranjpaye, 2000). Although this organism has worldwide
distribution and has been isolated from coastal marine and estuarine waters, sediment,
plankton, various shellfish (both molluscan and crustacean) and finfish species
(FAO/WHO, 2005¢; Drake, DePaola and Jaykus, 2007), detailed ecological studies
have been done only from a few countries. The abundance varies considerably and is
greatly influenced by temperature and salinity. In North America, higher densities are
observed in mid-Atlantic, Chesapeake Bay and Gulf coast waters, where temperatures
are warmer throughout the year, while densities are lower in Pacific, Canadian and
North Atlantic waters (Kaysner ez al., 1987; O’Neil, Jones and Grimes, 1992; DePaola,
Capers and Alexander, 1994; Wright et al., 1996; Motes et al., 1998). The lowest
temperature at which V. vulnificus has been isolated varies geographically, being 8 °C at
Chesapeake Bay (Wright et al., 1996) and < 12.5 °C in Gulf coast waters (Simonson and
Siebeling, 1986). The organism survives in sediment during winter. In tropical waters,
where temperature does not go below 18 °C, abundance of V. vulnificus is influenced
by salinity (Parvathi ez al., 2004). In south India, the highest V. vulnificus levels were
found during the monsoon season when the salinities were less than 5 ppt, and these
organisms were not detectable at salinities exceeding 25 ppt (Parvathi ez al., 2004).
Salinity has a significant effect on the abundance of the organism even in temperate
waters. In the waters of the United States of America, numbers of V. vulnificus were
high at salinity levels of 5-25 ppt, but dropped by 58-88 percent at salinities more
than 30 ppt (Kaspar and Tamplin, 1993; Motes et al., 1998). V. vulnificus can colonize
plankton and fish gut (DePaola, Capers and Alexander, 1994; Wright er al., 1996;
FAO/WHO, 2005c¢). V. vulnificus produces chitinase, which might help the organism
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to colonize zooplankton (Strom and Paranjapaye, 2000). Through fish, the organism
even reaches the gut of birds, as Miyasaka er a/l. (2005) found 14.1 percent aquatic birds
in Japan to be positive for V. vulnificus.

Levels of V. vulnificus in oysters could be 100 times higher than in the waters
surrounding them. On the United States Gulf coast, the levels in oysters may reach
10* cfu/g during the summer months (Drake, DePaola and Jaykus, 2007), and in
tropical waters of India, similar levels were reached in oysters when salinities were
less than 10 ppt (Parvathy ez al., 2004). V. vulnificus counts exceeding 10¢/g have been
reported from the intestines of benthic fish inhabiting oyster reefs (DePaola, Capers
and Alexander, 1994). There is no correlation between the prevalence or occurrence
of V. vulnificus and faecal contamination of waters (Tamplin ez al., 1982; Parvathi
et al., 2004), hence faecal coliforms and/or Escherichia coli cannot be used as indicator
organisms for this pathogen.

Growth and survival in seafoods: V. vulnificus does not grow in oysters at
temperatures below 13 °C and prolonged refrigeration could lead to reduction in
numbers (Cook, 1994; Cook and Ruple, 1992). While Cook and Ruple (1992) noted
that levels in refrigerated shellfish became non-detectable (< 3/g) in 14-21 days, Kaysner
et al. (1989) observed survival in artificially contaminated oysters for 14 days at 2 °C,
suggesting that refrigeration cannot be relied upon for elimination of this pathogen in
oysters. The rate of decline in refrigerated oyster shell stock has been estimated to be
0.041 log unit per day (Cook, Bowers and DePaola, 2002). In fact, if the temperature is
not controlled immediately after harvest, growth of V. vulnificus in oyster could occur.
Cook (1997) demonstrated that V. vulnificus levels in oyster shell stock held without
refrigeration for 3.5, 7, 10.5 and 14 h increased 0.75, 1.3, 1.74 and 1.94 log units. It has
also been reported that V. vulnificus levels in retail oysters originating from Gulf of
Mexico were 1-2 log units greater than at harvest (Cook, Bowers and DePaola, 2002).
It has been estimated that commercial cooling of oyster stocks could take an average of
5.5 h (FDA, 2005) and, therefore, the time shell stock is unrefrigerated on boat deck is
an issue in control plans.

Four to five log,, reductions in numbers of natural V. vulnificus population in
oysters occur when frozen to —40 °C and stored for 3 weeks (Cook and Ruple, 1992).
However, cold adaptation at 15 °C may reduce the effectiveness of freezing (Bryan
et al., 1999). A combination of vacuum packaging and freezing can bring down
V. vulnificus counts by 3—4 log,, units in 7 days but although numbers continue to
decline until day 7, complete elimination cannot be achieved (Parker ez al., 1994).

V. vulnificus is sensitive to heat with a 6 log,, reduction in numbers occurring when
subjected to 50 °C for 5 min in shucked oyster meat (Cook and Ruple, 1992). Natural
populations of V. vulnificus (4.3 x 10° cfu/g) could be reduced to non-detectable levels
by exposing them to 50 °C for 10 min (Cook and Ruple, 1992). D-values at 47 °C were
3.44-3.66 min for opaque colonies and 3.18-3.38 min for translucent colonies (Kim
et al., 1997). In North and South Carolina, the United States of America, commercial
shell stock is subjected to heat shock by submerging batches of about 70 chilled oysters
in wire baskets into a heat-shock tank containing about 850 litres of potable water at a
temperature of 67 °C for about 5 min depending on oyster size and condition (Drake,
DePaola and Jaykus, 2007). This process has been shown to reduce V. vulnificus
levels by 2—4 log,, units (Hesselman, Motes and Lewis, 1999). V. vulnificus cells were
inactivated at pH 2.0 (Koo, DePaola and Marshall, 2000). V. vulnificus is sensitive to
ionizing radiation, and irradiation doses of 1.0 kGy applied on whole shell oysters can
reduce the cell numbers from 107 cfu/g to undetectable levels (Andrews, Jahncke and
Millikarjunan, 2003). Hydrostatic pressure of 250 MPa for 120 s reduced V. vulnificus
to > 5 log10 units in oyster (Cook, 2003).

Risk assessments: A quantitative risk assessment for V. vulnificus in raw oysters
was documented by FAO/WHO (2005c), and this study modified the FDA
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V. parahaemolyticus risk assessment model to assess the risk of V. vulnificus primary
septicaemia in the United States of America. The geographical coverage was limited
because quantitative data for V. vulnificus levels in oysters at the point of consumption
and the data for the susceptible population were available for only for the United
States of America (FAO/WHO, 2005¢). Data on V. vulnificus levels in oysters were
based on weekly analysis of oysters from four Gulf states conducted in the period
1994-95 (Motes et al., 1998, FAO/WHO, 2005c) and all strains were considered
equally virulent. Although association of certain genotypes with clinical cases has
been reported (Nilsson et al., 2003), data on seasonal and regional distribution of
such strains or on the ability of such strains to grow and/or survive in oysters under
typical industry practices were not available. The model used for determining exposure
assessment is illustrated in Figure 8. The harvest and post-harvest module were based
on post-harvest practices (duration of oysters in harvest vessel in water, time to first
refrigeration, cooldown time) derived based on surveys conducted on the Gulf coast.
V. vulnificus growth in oysters, survival during refrigeration and levels at consumption
were estimated based on data from studies along the Gulf coast of the United States
of America (Cook, 1997; Cook, Bowers and DePaola, 2002). The model predicted
that the mean V. vulnificus levels in oysters would be 5.7 x 10*/g in summer and
8.0 xx 10'/g in winter. At a serving size of 196 g, the ingested dose would be 1.1 x 107
V. vulnificus in summer and 1.6 x 10* in winter. FDA data on the prevalence of risk
factors in the United States of America population and oyster consumption data from
surveys were used in the model (FAO/WHO, 2005¢c. The dose-response relationship
was modelled by estimating the exposure per eating occasion and the number of eating
occasions for oyster-associated V. vulnificus cases reported to the United States CDCs
in the period 1995-2001. The model predicted 0.5, 11.5, 12.2 and 8 illnesses for winter
(January—March), spring (April-June), summer (July—September) and autumn
(October—December), respectively. When compared with epidemiological data, the
numbers of reported cases (averages for 1995-2001 were 0.6 in winter, 9.6 in spring,
13.5 in summer and 7.4 in autumn) were within the 90 percent confidence limit
predicted by the model (FAO/WHO, 2005c¢).

The risk assessment also predicted the reductions in illness that could be achieved
by post-harvest treatments to reduce V. vulnificus levels to target values such as 3/g,
30/g or 300/g. In the United States of America, there are three validated methods
to achieve end-point criterion of < 3 MPN/g V. vulnificus and these include mild
heat treatment (50 °C), freezing with extended frozen storage, and high hydrostatic
pressure. If all oysters were treated to achieve a target level of 3/g, the model predicted
that the number of cases could be reduced from the current 32 reported cases per year
to one case every 6 years. If the target were shifted to 30/g or 300/g, then the predicted
cases would increase to 1.2 and 7.7 cases per year, respectively (FAO/WHO, 2005¢).
At a time to refrigeration range of 0-20 h, the predicted illness ranged from 17.7 to
59.3 cases, suggesting that immediate cooling of oysters alone is not adequate to
achieve a substantial reduction in the number of V. vulnificus illnesses. As V. vulnificus
levels in oysters harvested from waters with a salinity of > 30 ppt is greatly reduced,
it is predicted that if all oysters were harvested from waters at a salinity of > 30 ppt,
irrespective of the water temperature, V. vulnificus illnesses would be < 1 case per year
(FAO/WHO, 2005c). Relaying oysters to high-salinity waters (> 32 ppt) has been
shown to reduce V. vulnificus levels by 3—4 log units (< 10/g) within 2 weeks. Based on
the FAO/WHO risk assessment, the Codex Committee on Food Hygiene developed
a code of hygienic practice for control of Vibrio spp. in seafood with an annex on
control measures for V. parahaemolyticus and V. vulnificus in bivalve molluscs. This
code recommends assessment of the need for control measures based on: (i) number of
sporadic illnesses associated with bivalve molluscs in the area; (i1) water temperature
at harvest, air temperature and harvest and post-harvest practices; and (iii) water
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salinity at harvest. As there is wide geographical variation in the prevalence and levels
of V. vulnificus in bivalves, control measures that have been validated and appropriate
for the region may be adopted by the competent authority having jurisdiction and
implemented under the HACCP system. Validation of control measures should be
carried out in accordance with the Codex guidelines for the validation of food safety
control measures (CAC/GL 69-2008).

FIGURE 8
V. vulnificus risk assessment model

Source: FAO/WHO (2005¢).

Risk management: V. vulnificus resides inside various tissues of oysters; hence,
depuration is ineffective in elimination of this pathogen. However, relaying oysters in
high-salinity (> 30 ppt) waters for 17-49 days caused a decrease in population from
10° cfu/g to < 10 MPN/g (Motes and De Paola, 1996). The United States National
Shellfish Sanitation Program (NSSP) guide (2009) includes the following strategies for
minimizing the risk due to V. vulnificus in molluscan shellfish in states reporting two
or more cases of V. vulnificus illness per year: (i) increased educational efforts targeted
towards the population at risk to improve their awareness of the risks of eating raw
molluscan shellfish and to change their eating behaviour to reduce or stop eating raw
or untreated molluscan shellfish; (i1) limited harvest restrictions on areas incriminated
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in outbreaks; (iii) requirement for the temperature of shell stock to be brought down
to 10 °C or less by using ice, mechanical refrigeration or other means within specified
period (10 h when water temperature is > 28 °C; 12 h when water temperature is
> 23 °C up to 28 °C; 14 h when water temperature is 18-23 °C and 36 h when water
temperature is < 18 °C); and (iv) phased-in post-harvest treatment requirements or
other controls.

3.2.1.4 Vibrio cholerae

Epidemiological aspects: Vibrio cholerae is a heterogeneous species consisting of
more than 220 serotypes. The disease cholera is caused only by serotypes O1 and
O139. These are also referred to as choleragenic V. cholerae. Strains belonging to
non-01/non-0139 serotypes of V. cholerae are widely distributed in the aquatic
environment and they are mostly not pathogenic to humans, although they may
occasionally be associated with sporadic cases of gastroenteritis (Kaper, Morris and
Levine, 1995; Desmarchelier, 1997). The O1 serovar is classified into three antigenic
forms: Inaba, Ogawa and Hikojima. V. cholerae O1 strains are classified into two
biotypes, Classical and El Tor, based on their phenotypic characteristics (Kaper,
Morris and Levine, 1995). Recent studies have shown that the Classical biotype strains
are rarely isolated from any part of the world (Sack er al., 2003). The severe form of
the disease, termed cholera gravis, is characterized by passage of voluminous stools
of rice water character leading to dehydration, hypovolemic shock, acidosis, and,
unless appropriate treatment is initiated, death. However, it has been estimated that
only 2 percent of those infected with El Tor biotype and 11 percent of those infected
with Classical biotype develop severe disease. Five percent of El Tor infections and
15 percent of Classical infections may result in moderate illness that can be managed
in outpatient clinics (Kaper, Morris and Levine, 1995). Symptoms due to O1 and
0139 serotypes appear to be identical. The most important virulence factor associated
with V. cholerae O1 and O139 is the cholera toxin. The ctx genes (ctxA and ctxB)
encoding the production of the cholera toxin have been sequenced, and this has enabled
development of DNA probes and PCR methods for detection of this gene in the
isolates of V. cholerae O1 and O139 (Shirai ez al., 1991; Koch er al., 1993; Karunasagar
et al., 1995). The choleragenic El Tor biotype strains of V. cholerae are grouped in
four major clonal groups: (i) the seventh pandemic, (ii) the United States Gulf Coast,
(111) Australia; and (iv) Latin America. These seem to reflect broad demographic and
epidemiological associations (Wachsmuth ez al., 1994).

Cases of cholera occur in several countries in Asia, Africa and also occasionally in
the United States of America, where the organism is present in the Gulf coast (Oliver
and Kaper, 2007). Ingestion of contaminated water or food has been the cause of most
outbreaks, and fish and fishery products are occasionally incriminated. A variety of
fish and fishery products have been involved in outbreaks of cholera in different parts
of the world (FAO/WHO, 2005a). Crustaceans, molluscs and finfish prepared in a
variety of forms have been vectors for the transmission of V. cholerae. Transmission
of V. cholerae by seafood can be acute where fish and shellfish are consumed raw
(DePaola, 1981). Seventy-five of 336 passengers on an airliner were affected in the
Americas in 1992 in a case in which cold seafood salad was implicated (Eberhart-Phillip
et al., 1996). The shellfish most often associated with cholera cases are molluscan
shellfish (oysters) and crabs. While oysters are consumed raw in many countries, crabs
are generally cooked, although even after boiling crabs for up to 10 min or steaming
for up to 30 min, V. cholerae O1 may still retain viability (Blake er al., 1980). There
are also a few outbreaks linked to crustacean shellfish: one outbreak linked to the
consumption of raw shrimp in the United States of America in 1986, where the source
was domestic; an outbreak in Japan in 1978 associated with lobsters imported from
Indonesia; and an outbreak linked to the consumption of raw shrimp in the Philippines



50

Assessment and management of seafood safety and quality - current practices and emerging issues

in 1962. However, in most cases, it is not possible to assess whether V. cholerae O1 was
naturally present or cross-contaminated after harvest (FAO/WHO, 2005b). Finfish
have also occasionally been involved, e.g. reef fish in Guam (Haddock, Truong and
Aguon, 2002); unspecified fish brought into Germany by a Nigerian (Schurmann et al.,
2002); and whitebait from Indonesia in cases in Sydney (Forssman et al., 2007).

Severe diarrhoea due to V. cholerae O75 has been reported in the United States
of America, although this has not caused large outbreaks. Between 2003 and 2007,
V. cholerae O75-producing cholera toxin was isolated from six patients with severe
diarrhoea and, in some cases, raw oysters were linked to the infections (Tobin-D’Angelo
et al., 2008). A further ten cases linked to raw or lightly cooked oyster consumption
were reported in Florida in 2011, but none of the cases required rehydration therapy
(Onifade et al., 2011). Although V. cholerae O75 isolated from these cases produced
cholera toxin, the disease was milder than cholera. Although ctx-positive non-O1 and
non-0139 strains have been found, these strains often lack the full set of virulence
genes found in epidemic strains. Chakraborty et al. (2000) noted absence of tc¢pA genes
in ctx-positive strains, while Rivera er al. (2001) noted absence of genes encoding
zonula occludens toxin (zot). A multiplex PCR amplifying t¢p and ctx gene has been
suggested for detection of choleragenic V. cholerae O1/0139 from aquatic ecosystems
for cholera surveillance programmes (Rivera ez al., 2003).

Ecology and association with fish and fishery products: The primary source of
V. cholerae O1 and O139 is the faeces of persons acutely infected with the organism.
The organism reaches water most often through sewage. The presence of the organism
in the aquatic environment is not directly correlated with the presence of faecal
coliform bacteria, but nutrients discharged with human sewage may enhance the
survival of V. cholerae. The organism can survive in waters for long periods, and there
are several instances where water has been implicated by epidemiological studies as a
vehicle of V. cholerae O1. The survival time of V. cholerae in water has been estimated
and the average time for a 1-log decline in cell number (ty) is a function of the organism
as well as the biotype (Feachem, Miller and Drasar, 1981). The work of Colwell and
co-workers has shown that V. cholerae O1 can survive in water almost indefinitely,
and the organism can be said to be an autochthonous aquatic organism (Colwell and
Spira, 1992). The conclusion that V. cholerae O1 can persist for long periods in water is
supported by the observation that V. cholerae O1 of the same biotype, serotype, phage
type and toxin profile has been isolated over several decades in locations such as the
Gulf of Mexico (Blake et al., 1983; Shandera et al., 1983). Endemic focus has also been
reported in Australia and Latin America (Wachsmuth ez al., 1994).

In the aquatic environment, a strong association between levels of zooplankton
and incidence of V. cholerae has been observed (Huq et al., 1983). Adhesion to chitin
has been shown to influence strongly the ecology of V. cholerae. The organism is
chitinolytic and its ability to digest chitin seems to play a role in its persistence in the
environment (Dastidar and Narayanaswami, 1968; Colwell and Spira, 1992; Araujo
et al., 1996). Choleragenic V. cholerae has also been reported to attach to the hindgut
of crabs (Huq and Colwell, 1996), and it is noted that the hindgut of crustaceans
is an extension of the exoskeleton and is lined with chitin. Based on studies in
Bangladesh, Colwell and Spira (1992) concluded that seasonality of cholera may be
explained in that primary transmission is controlled by environmental factors such
as temperature, salinity, nutrient concentration and zooplankton blooms as well as
by seasonal variation in seafood harvesting and consumption and by direct water
contact. Studies in Bangladesh show that simple filtration of drinking-water through
a sari cloth removed zooplankton, most phytoplankton and particulates with a size
> 20 m and that it was effective in removing 99 percent of V. cholerae (Huq et al., 1996).
Deployment of this filtration procedure in 65 villages in Bangladesh with a population
of about 133 000 individuals yielded a 48 percent reduction in cases of cholera
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(Colwell er al., 2003). From the foregoing, it can be concluded that choleragenic
V. cholerae is mainly found associated with plankton in the upper part of the water
column.

V. cholerae occurs in waters with salinities between 0.2 and 20 ppt (Colwell and
Spira, 1992). Hence, the organism is not associated with fish and shellfish caught in
offshore marine waters. Shrimp are bottom-living organisms living in offshore waters,
and this may explain the poor association between marine shrimp and choleragenic
V. cholerae O1 and O139. In fact, there are very few records of isolation of V. cholerae
O1 and O139 from shrimp. Studies from Southeast Asia indicate absence of V. cholerae
O1 from raw shrimp (Karunasagar et al., 1990; Fonseka, 1990; Rattagool ez al., 1990;
Karunasagar et al, 1992). Several studies on shrimp farms in India indicated an
absence of choleragenic V. cholerae in shrimp culture ponds (Nayyar, Karunasagar
and Karunasagar, 1995; Bhaskar er al, 1998; Otta, Karunasagar and Karunasagar,
1999; Shetty, 1999; Darshan, 2000). Dalsgaard et al. (1995a) found that V. cholerae
O1 was present in 2 percent (2/107) of water, sediment and shrimp samples collected
from a major shrimp culture area in Southeast Asia. However, subsequent testing of
the isolates indicated absence of the czx genes in both the O1 strains (Dalsgaard et al.,
1995b). During the cholera epidemic in Peru, Carvajal et al. (1998) investigated the
prevalence of V. cholerae in association with marine fish. Only 2 out of 450 samples of
fish and shellfish tested yielded V. cholerae O1.

Growth and survival in seafoods: The optimum temperature for growth is
37 °C with a range of 1043 °C (ICMSF, 1996). The pH optimum for growth is
7.6, and V. cholerae can grow in the pH range of 5.0-9.6. The ability to grow under
alkaline conditions is utilized in standard isolation procedures when food samples are
pre-enriched in alkaline peptone water, which has a pH of 8.6. The water activity
optimum for growth is 0.984, and growth can occur between 0.970 and 0.998.
V. cholerae can grow in the salt range of 0.1-4.0 percent NaCl, while the optimum
is 0.5 percent NaCl. V. cholerae O1 is highly sensitive to acidic environments and is
killed within minutes in gastric juice with pH < 2.4. Therefore, normochlorohydric
individuals are less susceptible to attack by cholera provided that the food matrix
does not protect the organisms. V. cholerae O1 is also highly sensitive to desiccation,
indicating the necessity to use well-dried containers in product handling to minimize
the transmission of cholera. This organism is also heat-sensitive with a D-value of
2.65 min at 60 °C (ICMSF, 1996). The pathogen survives refrigeration.

Kolvin and Roberts (1982) measured growth of V. cholerae O1 in raw and cooked
seafood. No growth was observed in raw prawns, mussels and oysters, but growth
occurred in cooked shellfish. Levels of 10" cells/g were reported in cooked prawns and
mussels stored at 37 °C. At 22 °C, there was a lag phase of 8 h for the Classical biotype
and 4 h for the El Tor biotype. However, the results of the study done by Kolvin
and Roberts (1982) have been questioned, as their reported densities of 10 cells/g
shrimp are difficult to obtain in laboratory broth cultures, even under optimal growth
conditions.

The literature on survival of V. cholerae O1 in foods indicates different patterns of
decline and longevity during storage at refrigeration and freezing temperatures. Careful
interpretation of results, as also recommended by ICMSF (1996), is required in order
to account for methodological differences, including age of inoculums, preparation of
food substratum, application of inoculums, enumeration procedure and medium. Most
studies indicate that, while decline occurs, a proportion of the bacterial population
remains viable. Starting with 10%/g V. cholerae O1 in raw shrimp, Pesigan, Plantilla and
Rolda (1967) recorded viable cells after 4-9 days at 5-10 °C. Reilly and Hackney (1985)
reported survival after 21 days at 7 °C from an initial density of 7.8 log/g. V. cholerae
O1 inoculated at 10°~10%/g in ceviche, a marinated, ground or diced fish product, and,
stored at 8 °C or 20 °C, it remained viable beyond the shelf-life of the product at both
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temperatures (Torres-Vitela et al., 2000). With respect to frozen storage, ICMSF (1996)
reviewed literature from the 1930s that reported persistence for about 180 days and
suggested that survival on fish was longer than on ground beef or vegetables. However,
Nascumento et al. (1998) reported a 6-log reduction in shrimp in 30 days at —20 °C.
In this study, samples were inoculated by immersion in a V. cholerae O1 suspension
for 5 min, followed immediately by freezing to —20 °C. Survivors were enumerated
by direct plating on thiosulphate-citrate-bile-sucrose (TCBS) with incubation at
35 °C. Both the method of inoculation, with organisms located on a water film on the
surface of shrimp, and recovery on a highly selective medium, could contribute to the
observed rapid decline. A qualitative study, at temperatures above and below freezing,
in which survivors were recovered by enrichment before plating on TCBS agar, and
colonies confirmed by biochemical and serological testing, was reported by Corrales,
Bainotti and Simonetta (1994). In fresh foods, including freshwater fish, V. cholerae
O1 remained viable up to 90 days at -5 °C and 30 days at -25 °C. At non-freezing
temperatures, survival time in fresh foods (milk, beef, fish and chicken) decreased
with increasing temperatures: 7 °C, 18-20 days; room temperature < 10 days; 35 °C,
< 2 days (Corrales, Bainotti and Simonetta, 1994). As the food samples had other
bacteria, they spoiled rapidly at elevated temperatures, and spoilage organisms would
have developed rapidly to the maximum population density supported by the product.

Risk assessment: FAO/WHO (2005b) explored the possibility of using the
production-to-consumption pathway to assess the exposure to V. cholerae through
consumption of warm water shrimp in international trade. Available literature indicates
absence of V. cholerae O1/0139 in warm-water shrimp during primary production. In
cholera endemic areas, asymptomatic carriers play an important role in the transmission
of cholera. However, shrimp processed for export is handled under GHPs and the
HACCP system. Therefore, personnel hygiene, quality of water and ice used for
handling and processing are controlled under these conditions. Studies performed by
DePaola et al. (1993) in Peru during the 1991 outbreak show that while V. cholerae O1
was present in all five samples of raw seafood collected from street vendors in Lima and
Callao, it could be isolated from only 1/1 011 samples of seafood destined for export.
This shows that even in an outbreak situation, it is possible to minimize contamination
of seafood with choleragenic V. cholerae by following GHPs and HACCP. Even when
surface contamination takes place, some reduction in numbers occurs during handling
and processing. Using artificially spiked shrimp, Dinesh (1991) showed that washing
shrimp in tap-water brings about 1 log reduction in numbers. After harvest, shrimp
are transported in ice, and a study conducted in India showed that storage of spiked
shrimp in ice for 6 h led to a 3 log reduction in numbers (FAO/WHO, 2005b). Chilling
and freezing would further cause reduction in numbers as discussed above. Shrimp
processed for export may be frozen raw or after cooking. Cooking would further lead
to a reduction in numbers of V. cholerae, if any, on shrimp. These provide evidence
for the lack of involvement of internationally traded shrimp in outbreaks of cholera in
shrimp-importing countries.

The FAO/WHO risk assessment also looked at the data from import testing
laboratories in several shrimp-importing countries. Data for 21 857 samples of
warm-water shrimp tested in Denmark, the United States of America and Japan
showed that only two samples imported into Japan from India in 1995 were positive
for V. cholerae O1. Implementation of the HACCP system was at an early stage in
many shrimp-exporting countries in 1995. The levels of V. cholerae present were not
known, as testing is normally done following enrichment of samples in broth. To
perform a quantitative risk assessment, the import-to-consumption pathway (Figure 9)
was used, and levels of V. cholerae in shrimp at import were statistically derived
based on data that 2/21 857 samples were positive when 25 g each were enriched. The
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serving size was estimated to be 275 g, and it was assumed that 10 percent of imported
warm-water shrimp was consumed raw and 90 percent consumed after cooking.

FIGURE 9
Import-to-consumption pathway used for FAO/WHO quantitative risk assessment for
acquiring cholera from imported warm water shrimp

Source: FAO/WHO (2005b).

Data from human volunteer studies conducted in the 1970s and 1980s were used
to construct a dose-response curve. The estimate indicates that three out of every
billion servings could result in cholera. However, epidemiological records show no
documented case, and the low estimate obtained would be because two samples were
positive in 1995. There has been no subsequent detection of choleragenic V. cholerae at
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port-of-entry testing laboratories. This confirms that the risk of transmitting cholera
through warm-water shrimp in international trade is very low.

3.2.1.5 Salmonella

The genus Salmonella is a member of the family Enterobacteriaceae, and the taxonomy
and nomenclature of the members of this genus have been the subject of considerable
debate among specialists. Currently, two species are recognized (Tindall er al.,
2005): Salmonella enterica and Salmonella bongori. Six subspecies are recognized in
S. enterica (Table 17). More than 2 500 serotypes have been recorded, of which the
majority (59 percent) belong to S. enterica subsp. enterica, which are also responsible
for 99 percent of Salmonella infections in humans and warm-blooded animals (Brenner
et al., 2000).

TABLE 17
Salmonella species and subspecies
Species and subspecies Number of serotypes Usual habitat

Salmonella enterica

subsp. enterica 1504 Warm-blooded animals

subsp. salamae 502 Cold-blooded animals and environment (CBAE)
subsp. arizonae 95 CBAE

subsp. diarizonae 333 CBAE

subsp. houtenae 72 CBAE

subsp. indica 13 CBAE

Salmonella bongori 22 CBAE

Sources: Modified from Brenner et al. (2000) and Popoff, Bockemuhl and Gheesling (2004).

Each subspecies has several serovars defined by characteristic antigenic formulae,
e.g. S. enterica serovar Typhi, S. enterica serovar Typhimurium, S. enterica serovar
Enteritidis. The names may be abbreviated: S. Typhimurium, S. Enteritidis,
etc. Serovars belonging to other subspecies are identified by antigenic formulae
(D’Aoust, 2000; Popoff, Bockemuhl and Gheesling, 2004) and are not named. The
antigenic formula indicates somatic (O) antigens and flagellar (H) antigens. Some
salmonella serovars always express flagellar protein with the same antigenic specificity
(e.g. Dublin, Enteritidis, Typhi) and such an H antigen is called monophasic. Most
Salmonella serovars can produce flagella with two different sets of antigens, i.e. phase
1 and phase 2 antigens. The antigenic formula is written as follows: O antigens: Phase
1 H antigen(s): Phase 2 H antigen(s), e.g. an isolate with antigenic structure 4,5,12:1:2
is §. Typhimurium.

Public health outcomes: Human infections with Salmonella could lead to several
clinical conditions such as typhoid fever (enteric fever), acute gastroenteritis or
systemic non-typhoid infections. Enteric fever is caused by S. Typhi and S. Paratyphi,
which are well adapted for invasion and survival in human tissues. The incubation
period ranges from 7 to 28 days, and clinical manifestations include diarrhoea,
prolonged spiking fever, abdominal pain, headache and prostration. The acute phase
of the disease may be followed by a chronic carrier state. Improvement of hygiene
and chlorination of drinking-water led to a rapid decline in the number of cases of
typhoid fever in industrialized countries. However, occasional outbreaks have been
reported (Valenciano et al., 2000; Olsen et al., 2003). In developing countries, typhoid
fever is still a major problem, and the global disease burden in 2000 was estimated to
be 2.16 million, with 216 000 deaths (Crump, Luby and Mintz, 2004). Non-typhoidal
Salmonella constitute the largest cause of bacterial food-borne illness in developed
countries. In Europe, in the period 1993-98, Salmonella (S. Enteritidis being the
most common serovar, frequently linked to eggs) was involved in 126 303 cases
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(18 159 outbreaks) accounting for 77.1 percent of outbreaks in which a causative agent
was identified. The FoodNet data in the United States of America indicates that, in
2004, Salmonella was involved in 6 498/15 363 cases of food-borne illness caused by
bacteria, and that S. Typhimurium followed by S. Enteritis were the most common
serovars involved (CDC, 2006). The involvement of different serovars in human
infections globally is ranked in Table 18. Acute gastroenteritis caused by non-typhoidal
Salmonella generally has an incubation period of 8-72 h and the clinical condition is
generally self-limiting, although infection with some strains may degenerate into
systemic infections and lead to various chronic conditions. Infection with serovars
S.Dublin and S. Choleraesuis may lead to septicaemia. Supportive therapy such as fluid
and electrolyte replacement is adequate for most uncomplicated cases, and antibiotic
therapy may lead to prolonging the carrier state due to antibiotic-induced suppression
of the native gut flora that normally competes with Salmonella (D’ Aoust and Maurer,
2007). Antibiotic therapy is recommended only for patients who are severely ill and
for those with risk factors for extra-intestinal spread of infection. Acute illness may
be followed by a period of faecal shedding, which may last several weeks. In a review
of 32 reports, the median duration of shedding was 5 weeks, with less than 1 percent
becoming chronic carriers (Buchwald and Blaser, 1984). During convalescence,
children may shed up to 10°-10” bacteria per gram of faeces (Cruickshank and
Humphrey, 1987). The infectious dose of Salmonella varies, with infants, elderly and
immunocompromised individuals being more susceptible than healthy adults. Human
volunteer studies indicate that a high number of cells (10°-10 cells) are required to
cause infection, but data from outbreak investigations suggest that low number of
cells can cause infections (Kothary and Babu, 2001). The virulence of the serovars also
varies, and, generally, low infectious dose (1-100 cells) is observed when ingested with
foods with high fat content, e.g. chocolate, cheese or meat, and this has been attributed
to the protection for Salmonella entrapped in hydrophobic lipid micelles against gastric
acidity (D’Aoust and Maurer, 2007).

Although Salmonella is a major cause of food-borne illness, fish and fishery products
are rarely involved. In the period 1988-1992, only 5 percent of Salmonella illnesses in
the United States of America were due to seafood (Bean et al., 1997). In New York, out
of 273 outbreaks of food-borne salmonellosis in the period 1980-1994, only 4 were due
to seafood (Wallace et al., 1999). Outbreaks involving seafood have been reported from
Japan. S. Champaign was involved in 330 cases in children who consumed cuttlefish
that had been left to thaw at room temperature for 30 h and then boiled for a short
period (Ogawa et al., 1991). Contaminated well water of a squid processing plant in
Japan was found to be the source of Salmonella that affected more than 400 people
in 1999, and, in the same year, cuttlefish snacks contaminated with S. Chester was
involved in an outbreak that affected more than 1 500 people (D’Aoust and Maurer,
2007). S. Livingstone was the cause of an outbreak that occurred in Norway and
Sweden in 2001 in which fish gratin manufactured in Sweden was implicated and the
egg powder ingredient in fish gratin was suspected to be the source (D’Aoust and
Maurer, 2007). One outbreak in which 16 people became ill after a reception in a hotel
in the United Kingdom of Great Britain and Northern Ireland in 1981 was attributed
to frozen prawns (PHLSC, 1983). Although the implicated food was not tested, only
those who ate prawns were affected, and §. Bareilly and S. Hindmarsh were isolated
from the patients. It is not clear whether the prawns were prepared with any other
ingredients, which could have been a source of Salmonella.
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TABLE 18

Dominant Salmonella serotypes associated with human illness, and seafood/aquaculture

environment

Human illness associated
global rank
2002a*

Seafood associated
rank occurrence
1990-98°

Aquaculture environment
(not rank ordered)
2001-03¢

Enteritidis (1)

Weltevreden (1)

Weltevreden

Typhimurium (2)

Senftenberg (2)

Paratyphi-B (predominantly
biovar Java)

Newport (3) Lexington (3) Senftenberg
Heidelberg (4) Paratyphi-B (4) Houten
(predominantly biovar Java)
Infantis (5) Enteritidis (5) Abaetetuba
Hadar (6) Newport (6) Derby
Virchow (7) Thompson (7) Aberdeen
Javiana (8) Lanka (8) Javiana
Saintpaul (9) Virchow (9) Hvittingfoss

Montevideo (10)

Hvittingfoss (10)

Give

Paratyphi B (16)

Typhimurium (12)

Newport

Weltevreden (20) Derby(14)

2Galanis et al. (2006).
bHeinitz et al. (2000).
<Data from Hatha, Magbool and Kumar (2003); Koonse et al. (2005); Kumar et al. (2009); Wan Norhana et al. (2010).
Source: FAO (2010a).

Association with aquatic environment: Although the normal habitat of . enterica
subspecies enterica is the gut of warm-blooded animals, very few serovars are host
adapted and others may be found in the environment for long periods. The habitat for
some of the subspecies is cold-blooded animals and environment (Table 17). Salmonella
has been isolated from several aquatic environments in different parts of the world
(Cherry et al., 1972; Alonso et al., 1992; Winfield and Groisman, 2003). Waterbodies
contaminated with faecal matter from humans and animals (including birds) may
contain this pathogen. Salmonella can survive in human waste for 10-15 days in septic
systems and, through seepage from septic tanks, sewage and storm runoff, reach
surface waters. It can survive and even multiply in estuarine waters depending on
environmental conditions (Rhodes and Kator, 1998). Salmonella may colonize marine
mammals such as killer whales, bottlenose dolphins, seals, sea lions, elephant seals and
porpoises (Higgins, 2000; Old et al., 2001; Fenwick et al., 2004; Stoddard ez al., 2005),
and the organisms shed by these mammals may contaminate other marine fish. In the
period 1990-2002, 21.7 percent of harbour porpoises in England and Wales, the United
Kingdom of Great Britain and Northern Ireland, were positive for Salmonella . On San
Miguel Island, California, the United States of America, 33 percent of fur seal pups and
40 percent of sea lion pups were positive for Salmonella (Higgins, 2000).

Salmonella has been isolated from freshwater catfish ponds in the United States of
America with a prevalence of 5 percent (Wyatt, Nickelson and Vanderzant, 1979), and
from eel culture ponds in Japan with a prevalence of 21 percent (Saheki, Kobayashi
and Kawanishi, 1989). The prevalence of Salmonella was found to be 16 percent in
shrimp and 22.1 percent in mud/water in Southeast Asia (Reilly and Twiddy, 1992). In
tropical shrimp aquaculture ponds, the risk of finding Salmonella was higher in ponds
with high faecal coliform counts (Koonse ez al., 2005). However, in oysters from the
United States of America, prevalence was related to season (13.4 percent positive in
summer and 1.6 percent in winter) and the region, but did not correlate with faecal
coliform levels (Brands ez al., 2005). Presence in trout farms in Spain (Gonzalez et al.,
1999) and long-term persistence of Salmonella in fish feed plants in Norway (Nesse
et al., 2003) has been reported. In the period 2000-04, 3.78 percent of environmental
samples from Norwegian fish feed production facilities were positive for Salmonella.
However, the serovars recovered were mostly S. Senftenberg and S. Montevideo,
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which account for 2 percent of human cases in Norway (Lunestad ez al., 2007). In the
period 1996-97, 574 isolates of Salmonella belonging to 41 serotypes were obtained
from the Tech River (France), some serotypes being specific to flood events (Baudart
et al., 2000). A four-year study of coastal waters of Galicia, northwest Spain, showed
a prevalence of 2.4 percent in molluscs and seawater, with S. Senftenberg being the
most predominant (42 percent) among 20 different serotypes (Martinez-Urtaza et al.,
2004a). The presence of S. Senftenberg could not be correlated with environmental
parameters, while the presence of other serotypes was associated with wind and
rainfall events. S. Senftenberg has been very rarely reported in human infections and is
halotolerant as it has been isolated from brines with a salt concentration of 30 percent
(Martinez-Urtaza et al., 2004b). S. Senftenberg has been isolated from mussel
processing units in Spain, and processing units that did not use brine were negative
for this organism (Martinez-Urtaza et al., 2004b). In China, Hong Kong SAR, the
Salmonella serovars found in coastal waters and shellfish were S. Derby, S. Infantis
and S. Anatum, while the serovars isolated from clinical cases were S. Typhimurium,
S. Derby and S. Enteritidis (Yam et al., 2000).

This organism has been isolated from various fish and shellfish in markets in several
countries. Analysis of 11 312 imported and 768 domestic seafood products in the
United States of America in the period 1990-98 revealed that 10 percent of imported
and 2.8 percent of domestic raw seafood was positive for Salmonella, and the overall
incidence was 7.2 percent for imported and 1.3 percent for domestic seafood (Heinitz
et al., 2000). The most frequent serotypes in imported seafood were S. Weltevreden,
S. Senftenberg, S. Lexington and §. Paratyphi B. These most common serotypes have
rarely (<0.5 percent) been observed in human illness in the United States of America
(Helfrick et al., 1997). S. Enteritidis ranked fifth and S. Typhimurium ranked twelfth
(Heinitz et al., 2000). S. Weltevreden was also the most common serotype isolated from
imported food (including seafood) in the United States of America in 2000 (24/187)
followed by S. Thompson (13/187), S. Lexington (12/187), and a number of other
serotypes (Zhao et al., 2003). Also in the period 2001-05, S. Weltevreden was the most
predominant serotype and PFGE analysis indicated genetic diversity in the 37 isolates
of this serotype (Ponce et al., 2008). Analysis of shellfish from authorized harvesting
beds in the United Kingdom of Great Britain and Northern Ireland indicated 8 percent
positive for Salmonella and 2 percent were molluscs from beds classified as Category A
(Wilson and Moore, 1996). Heinitz and Johnson (1998) reported a 3.2 percent incidence
in 156 smoked fish. In Malaysia, 25 percent of raw prawns on the market were positive,
the serovars found being S. Blockley, S. Weltevreden and S. Agona (Armugaswamy
et al., 1995); and in India, 1 percent of the 500 market prawns tested were positive, the
serovars being S. Newport and S. Infantis (Prasad and Pandurangarao, 1995). In oysters
from the United States of America, S. Newport was the predominant serovar (Brands
et al., 2005). In Thailand, S. Weltevreden accounted for 26 percent of the isolates
from seafood (Bangtrankulnonth et al., 2004). In a study of 353 imported seafood
items in Japan, 2/47 black tiger shrimp were positive, both with S. Weltevreden, and
the contamination level in seafoods was < 30-40 MPN/100 g (Asai et al., 2007). Also
in Japan, S. Enteritidis is the most common serovar involved in human infections,
accounting for 62 percent in 2002 and 2003, 47 percent in 2004 and 50 percent in 2005
(IDSC, 2006). In Norway, S. Typhimurium and S. Enteritidis account for 70 percent
of human salmonellosis cases (Lunestad et al., 2007). Association of Salmonella with
seafood and the aquaculture environment is indicated in Table 18.

Recent molecular studies indicate that, within a serotype, clinical and animal strains
may be distinct (Heithoff ez al., 2008). While all S. Typhimurium from animal clinical
cases were virulent in mice, only 16/41 human isolates showed this ability. Many
(10/29) human gastroenteritis isolates did not have the virulence plasmid found with
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all animal clinical isolates. This suggests that it may be possible to differentiate human
and animal pathogenic strains.

Factors affecting survival and growth in foods: Salmonella is a mesophilic
organism and the growth rate of this organism is markedly reduced at temperatures
< 15 °C while the growth of most strains is prevented at < 7 °C (ICMSF, 1996). Most
studies on minimum growth temperature have been done with beef, chicken or eggs
using serovars such as Typhimurium or Enteritidis common in these foods. However,
these are not common serotypes in seafoods. In raw seafoods containing a variety
of bacteria, Salmonella, where present, has to compete with other flora for growth.
S. Heidelberg had a generation time of 28 h and 31 h in the fish English sole and sterile
crab respectively at 8 °C (ICMSF, 1996). In cooked crab inoculated with Salmonella
and stored at 8-11 °C under modified atmospheres containing low levels of CO,
(20-50 percent), proliferation of Salmonella has been reported (Ingham, Alford and
McCown, 1990). Salmonella have ability to proliferate at pH values ranging from 3.8 to
9.5, with the optimum being 7.0-7.5 (ICMSF, 1996). Growth of Salmonella is generally
inhibited at 3—4 percent NaCl, but salt tolerance increases with increasing temperature
in the range 10-30 °C (D’Aoust and Maurer, 2007) and minimum water activity
for growth is 0.94 (ICMSF, 1996). Although the resistance of Salmonella to drying
varies, this organism may survive for months or even years in dried products and has
been frequently isolated from fishmeal, meat and bone meal, maize and soy products
(Lunestad et al., 2007). A decrease in Salmonella numbers occurs during freezing
and frozen storage, but this process does not guarantee elimination of salmonellae in
foods (ICMSF, 1996). Salmonella are heat-sensitive and D-values are influenced by
the water activity, nature of the solutes and pH of the suspending medium (ICMSF,
1996). Typical D-values reported for Salmonella are 0.176 min in chicken at 70 °C, and
0.36 min in ground beef at 63 °C (FAO/WHO, 2002). Some strains of Salmonella such
as S. Senftenberg 775W may show higher heat resistance (ICMSF, 1996). S. Senftenberg
is the serovar often isolated from fish feed (Lunestad et al., 2007).

Risk assessment and management: FAO/WHO expert groups have considered
the public health risk due to Salmonella in aquaculture (FAO, 2010a) and in live
bivalve molluscs (FAO/WHO, 2011c). Epidemiological links between Salmonella and
products of aquaculture are very low (Table 19).

TABLE 19
Seafood-associated outbreaks in European Union (Member Organization) (2007) and in the
United States of America (1998-2002)

% of outbreaks

Number of Salmonella associated with

Food vehicle Number of outbreaks

outbreaks Salmonella
European Union (Member
Organization)
Fish and fishery products 130 3 2.3
Crustaceans, shellfish and 75 2 2.7
molluscs
All food vehicles 2 025 590 29.1
United States of America
Fish 337 4 1.1
Shellfish 151 2 1.3
All food vehicles 6 647 585 8.8

Source: FAO (2010a).

There are a variety of pathways reported as to how Salmonella can enter aquaculture
environments, ranging from wild animals to domestic stock and poor sanitation.
Control of such pathways, such as land runoff during rains and control of wild animals
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in the farm environment, could pose a major challenge. Good hygiene practices during
aquaculture production and biosecurity measures can minimize but not fully eliminate
Salmonella in products of aquaculture.

3.2.1.6  Listeria monocytogenes

Listeria monocytogenes is a Gram-positive, motile bacterium. It is very common
in environments that are wet or moist and contain organic nutrients, including soil
and decaying vegetation, but also in many food processing environments. It is also
commonly found in the faeces of healthy birds and mammals, including humans. It
is a common contaminant of fresh, or lightly preserved, foods. In addition to a form
of gastroenteritis, infection by L. monocytogenes can cause a rare but life-threatening
systemic, food-borne disease called listeriosis.

Despite the relative ubiquity of L. monocyrogenes, listeriosis is a rare infection,
and the systemic illness predominantly affects people with reduced immune function,
including pregnant women, the elderly (> 60 years old), foetuses and neonates (up to
30 days), those with diseases or receiving medication that reduces immune function
(e.g. HIV/AIDS, diabetes, alcoholism, organ transplant recipients, patients undergoing
cancer therapies, and those with autoimmune disease) or those taking antacids.

In rare cases, L. monocytogenes can be transmitted from infected people to others
or from infected animals to humans. However, listeriosis is considered to result
predominantly from consumption of foods contaminated by L. monocytogenes, and,
in particular, perishable, RTE foods with extended shelf-lives, i.e. those that do not
require cooking before eating but would normally require refrigeration. Many lightly
preserved types of seafood are in this category, and L. monocytogenes is considered to
be a risk for consumers of those foods.

Listeria monocytogenes as a food-borne pathogen: L. monocyrogenes is one
of seven species in the genus Listeria, the seventh species (L. marthii) having been
described in 2010 (Graves et al., 2010). Of the known species, only L. monocytogenes
is considered a pathogen to human, although a few cases of infection from L. grayi,
L. seeligeri and L. itvanovii have been reported (Rocourt et al., 1986; Rapose, Lick and
Ismail, 2008; Guillet et al., 2010). Listeriae are closely related to lactic acid bacteria
and, in many foods, lactic acid bacteria compete with Listeria monocytogenes and can
suppress their growth (Leroi, 2010).

Among pathogens affecting humans and other mammals, L. monocytogenes has
an unusual tolerance of low temperature with most strains able to grow at 4 °C and
some strains being reported to grow at temperatures as low as 0 or even -2 °C. It also
has a relatively high salt tolerance and is able to grow in 10-12 percent (w/w) salt
(corresponding to water activity of ~0.92). It grows almost equally well in anaerobic
environments as in air. Its pH range for growth is not unusual and is, approximately,
pH 4.3-9.6. L. monocytogenes is readily eliminated by normal cooking but, because
of its relative ubiquity, can re-contaminate cooked foods after processing if they are
not protected by packaging. Typically, such contamination is at low levels, e.g. a few
to tens of cells per gram, even at the point of sale (Jorgensen and Huss, 1998; Gombas
et al., 2003; Little ez al., 2009). Available evidence suggests that high doses are usually
required to initiate infection, even among the immunocompromised population, so that
limiting or preventing the growth of L. monocytogenes in foods will be an important
risk management strategy.

The above characteristics make L. monocytogenes a potential hazard in
perishable RTE foods with extended shelf-lives (e.g. weeks or months) achieved by
refrigeration and/or mild preservation methods, including salt, smoke, fermentation,
vacuum-packaging, and modified atmosphere packaging, but which may not completely
prevent the growth of the organism. This applies to a range of seafood products,
including marinated muscles, prawns, pasteurized crustacea, and smoked fish products.
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Cold-smoked products in particular have received much attention in this regard
(FDA/USDA/CDC, 2003; FAO/WHO, 2004a; Pouillot et al., 2007; Pouillot et al.,
2009) because of a high prevalence of detection of L. monocytogenes in such foods and
persistent of contamination fish processing plants.

Epidemiological evidence suggests that listeriosis has been associated with
consumption of shrimps (Riedo er al., 1994), smoked mussels (Brett, Short and
McLauchlin, 1998; Misrachi, Watson and Coleman, 1991), “gravad” trout (Ericsson
et al., 1997), and smoked trout (Miettinen et al., 1999). In addition, Aureli et al.
(2000) described an outbreak involving corn and tuna salad. However, many of these
outbreaks involved the gastrointestinal form of the disease and, despite the interest
in RTE smoked fish as a source of listeriosis, there are very few documented cases of
systemic listeriosis due to seafoods.

Listeriosis: Historically, listeriosis was considered to be characterized by an invasive
infection, often leading to septicaemia with or without infections of the central nervous
system such as meningitis, meningoencephalitis, rhomboencephalitis or brain abscess.
In the case of pregnant women, while the mother will often experience mild flu-like
symptoms, her foetus may be stillborn, aborted or be born with generalized infections.
Less common symptoms include localized infections such as endocarditis, peritonitis
and arthritis. Skin infections may also occur in some patients.

The incubation period is variable, ranging from 3 to 70 days, and, as most people
do not remember their food consumption from months earlier, it is often difficult to
trace the food that was the source of the pathogen. The median incubation period is
approximately three weeks. If diagnosed, the disease can usually be treated effectively
with a range of common antibiotics. The mini-review by Drevets and Bronze (2008)
provides a summary of the various syndromes.

Miettinen et al. (1999) documented that L. monocytogenes may also cause a
non-invasive febrile gastroenteritis in otherwise healthy people. An outbreak of
gastrointestinal illness from a tuna and corn salad, affecting > 1 500 schoolchildren and
adults in Italy, established the existence of a febrile gastroenteritis form of listeriosis,
and this is now a recognized syndrome (Drevets and Bronze, 2008; Alleberger
and Wagner, 2009). The incubation period for this form of the disease ranges from
6 to 50 h, and symptoms usually resolve without treatment after one or two days.
Symptoms are described as “mild flu-like”, including diarrhoea, abdominal pain, fever,
muscle pain and headaches. Ooi and Lorber (2005) summarize the outbreaks to that
time and provide more detail of this form of the disease.

Epidemiology of listeriosis: Despite the prevalence of Listeria monocytogenes in
foods and in natural and food processing environments, and its asymptomatic carriage
in 5-10 percent of humans and domestic animals, listeriosis is a rare disease. In developed
nations, the incidence is typically in the range of 0.3-1.3 cases per 100 000 people per
year, with median levels of from ~0.3/100 000 to 0.5/100 000. The rates observed
do not seem to correlate with different regulatory systems and control programmes
implemented in various nations (Todd and Notermans, forthcoming). As noted above,
certain groups in the population are at much greater risk of invasive infection. Table 20
indicates the relative susceptibility of people with known predisposing factors for
listeriosis. Importantly, the fatality rate among those that develop invasive infection is
very high and, in outbreaks, ranges from 20 to 40 percent of cases.

The epidemiology of listeriosis has changed in many European States from about
2000 to the time of writing (2011), with incidence rates increasing by from twofold to
threefold in many countries (Goulet er al., 2008; Allerberger and Wagner, 2009), and
with a much higher proportion of cases occurring in the elderly population. At the
same time, the infections observed have been increasingly bacteraemia but without
central nervous system infection. However, in the Unites States of America, the
incidence has remained relatively constant over the same period, as it did in Canada
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from 1995 to 2004 (Clark et al, 2010). In Australia, the incidence rate also remained
relatively constant from 1995 to 2010 (CDNA, 2011) but the relative incidence for
pregnant women and/or perinates decreased, probably due to aggressive education
campaigns about listeriosis risks aimed at pregnant women (Torvaldsen ez al., 1999;
Bondarianzadeh, Yeatman and Condon-Paoloni, 2007) while the incidence in the
elderly population increased. Several epidemiological studies have attempted to
discern the reasons for the upsurge in Europe (Swaminathan and Gerner-Smidt, 2007;
Warriner and Namvar, 2009; Gillespie et al., 2010a, 2010b; Khatamzas et al., 2010) but,
at the time of writing, there no clear explanation has been presented.

TABLE 20

Relative susceptibility to listeriosis for subpopulations with known predisposing conditions
Condition Relative susceptibility
Transplant 2584
Cancer - blood 1364
AIDS 865
Dialysis 476
Cancer - pulmonary 229
Cancer - gastrointestinal and liver 211
Non-cancer liver disease 143
Cancer - bladder and prostate 112
Cancer - gynaecological 66
Diabetes, insulin dependent 30
Diabetes, non-insulin dependent 25
Alcoholism 18
More than 65 years old 7.5
Less than 65 years, no other condition 1

Source: Reproduced from FAO/WHO (2004a).

Dose vs probability of invasive infections in listeriosis: Risk assessment and
animal model studies (FDA/USDA/CDC, 2003; Chen et al, 2003; FAO/WHO,
2004a; Williams er al., 2009) suggest that the IDs, (dose required to cause infection
in 50 percent of cases) for L. monocytogenes is millions of cells, even among the
immunocompromised population. Wide variability in IDs, is inferred from animal
studies, however, ranging over seven orders of magnitude (see Table 2.11 in
FAO/WHO, 2004a). The relative susceptibility of humans (Table 20) indicates that
susceptibility ranges over three orders of magnitude. Taken together, it can be expected
that the “infectious dose” could vary enormously depending on the strain involved and
human population exposed, and estimates of infectious doses estimated from outbreaks
in human populations (summarized in FAO/WHO, 2004a) range over five to six
orders of magnitude, supporting the above inference.

According to FAO/WHO (2003b) the most credible model that relates dose ingested
to the likelihood of an infection is the “exponential” model, which assumes that each
cell has an equal probability of causing infection, and that each cell ingested acts
independently. This means that there is no threshold dose and that the probability of
infection is simply proportional to the dose up to some dose beyond which infection is
virtually inevitable (i.e. the probability of infection cannot increase further). Figure 10
is an example of an exponential dose-response model.

In Figure 10, the dose and probability are both plotted on logarithmic scales,
leading to a straight line below the asymptotic value, as is expected by the assumptions
of the model. Many such plots of dose vs probability of infection appear sigmoidal,
incorrectly suggesting a threshold dose, because they plot log dose versus arithmetic
probability.
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FIGURE 10
An exponential dose vs probability of infection model for L. monocytogenes

Source: Based on estimates in Williams et al. (2009).

Dose-response models for L. monocytogenes inferred from epidemiological data
and estimates of total food-borne exposure (Buchanan ez al., 1997; FDA/USDA/CDC,
2003; FAO/WHO, 2004a) have generated IDs, estimates for immunocompromised
people of > 10" cells, even for an “average” immunocompromised person. Williams
et al. (2009) challenged such findings, using data for pregnant primates and guinea
pigs (considered to be an appropriate animal model for human listeriosis because they
also have the E-cadherin protein involved in initial infection by L. monocytogenes),
which show that the IDs, for abortion is ~107 cells. However, in those studies, known
virulent strains were used, and the difference in IDs, estimates may reflect the specific
circumstances of their estimation and assumptions made. However, it does highlight
the variability in virulence observed among strains of L. monocytogenes.

Tracing and identifying strains of Listeria monocytogenes: Given the wide
differences in virulence among strains of L. monocytogenes and its relatively common
occurrence in foods and food processing environments, there has been much interest
in finding easily determined markers of virulence in L. monocytogenes that might be
used to better evaluate and manage the risk of L. monocytogenes in foods, e.g. that
there might be some tolerance of strains of low virulence in foods that did not support
extensive L. monocytogenes growth. Equally, there is great interest in understanding
the source (or sources) of Listeria monocytogenes in foods and food processing
plants, and their relationship to strains involved in human and animal disease, and for
recognizing and resolving outbreaks. Thus, to manage the risk of L. monocyrogenes in
foods, it is necessary to be able to differentiate strains.

The first typing scheme for L. monocytogenes involved somatic (O) and flagellar (H)
antigens and divided differentiates the species into 13 serovars (1/2a, 1/2b, 1/2c, 3a, 3b,
3c, 4a, 4b, 4c, 4d, 4e, 6a and 6b). Most isolates involved in human disease belong to the
serotypes 1/2a, 1/2b, 1/2¢ and 4b.

Serotyping has not provided the ability to confidently discern “important” strains,
nor the needed discrimination for epidemiological investigations. Ongoing research
has resulted in the recognition of four evolutionary “lineages” of L. monocytogenes
that differ in their correlation with human and animal illness (Ragon et al., 2008;
Orsi, den Bakker and Wiedmann, 2010). Strains of lineage I and lineage II are most
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often isolated from foods but strains of lineage I are more often involved in human
food-borne listeriosis. Lineage III and IV strains are rare and more often involved
in animal disease but rarely isolated from foods or human cases. Lineage I includes
the serotypes 1/2b, 4b and 4d, 4e and 3b while lineage II includes serotypes 1/2a,
1/2¢, 3a and 3c. On the basis of cell-to-cell spread in in vitro cell culture assays,
lineage I strains appear to have greater pathogenic potential. Lineage III strains include
serotypes 4a, 4c and some 4b strains that differ from the 4b strains in lineage I. While
lineage II strains are over-represented in foods, this may be an artefact of the use of
certain selective media, which favours their recovery compared with other strains. In
addition, lineage II strains are more resistant to bacteriocins and, in many foods in
which L. monocytogenes is considered to present a risk, lactic acid bacteria are also
present. This may also contribute to the observed prevalence of lineage II strains in
foods. Conversely, a high proportion of lineage II strains have mutations in the protein
internalin A, which reduces their ability to cause human infection. (Internalin A is key
protein involved in the initial attachment and invasion of L. monocytogenes into a host
cell; most strains in lineage 1 have intact internalin A). The abundance of strains with
such mutations among lineage II may explain the apparent discrepancy between the
abundance of L. monocytogenes in foods and the observed number of cases of listeriosis.
However, internalin A is not the only protein involved in cell invasion and virulence,
and lineage II strains can also cause sporadic human cases. In summary, both lineage I
and lineage II strains are found in foods and, while lineage I is known to comprise more
virulent strains, these correlations are not absolute and there is still no reliable means
of discriminating “high risk” from “low risk” strains. Research to better understand
these correlations is under way, and methods for delineating L. monocytogenes strains
of increased virulence are ongoing. In terms of strain differentiation, PFGE has been
widely used for surveillance and epidemiological investigations, but it is difficult to
standardize between laboratories. Numerous other DNA-sequence-based methods
are being developed and trialled. Zunabovic, Domig and Kneifel (2011) described and
reviewed these methods in terms of their technological and scientific basis and their
relevance for different practical applications.

Prevalence in fish and fishery products: L. monocytogenes is indigenous to
terrestrial environments, where it is readily isolated from soil and decaying plant
material. However, it is not typical of aquatic and marine environments, and the
organism is not usually isolated from free open waters or from fish caught or cultured
in such waters. In contrast, water close to agricultural runoff harbours the organism
and, in principle, the bacterium must be assumed to be present, albeit in low levels,
on raw fish (Gram, 2001; Huss, Ben Embarek and Jeppesen, 1995). Surveys of fresh
or frozen finfish, and of filter feeding shellfish, summarized by Jinneman, Wekell and
Eklund (2007) support these general conclusions.

However, for RTE seafoods in the data summarized by Jinneman, Wekell and
Eklund (2007) the situation is different. From more than 20 surveys involving
more than 45 groups of RTE seafood products (based on product and/or region of
origin), the average contamination frequency was ~16 percent (SD = ~18 percent),
and the median contamination rate was ~9 percent. More recent data not included
in Jinneman, Wekell and Eklund (2007) include the results of: Gombas et al. (2003),
based on foods purchased at retail outlets in the United States of America; Garrido,
Vitas and Garcia-Jalon (2009), based on foods from markets in northern Spain; and
Wagner et al. (2007) based on samples from retail outlets and private homes in
Vienna, Austria. Wagner et al. (2007) found 19.4 percent (of 93 samples) of RTE
fish and seafood at retail were positive for L. monocytogenes, while Gombas et al.
(2003) reported 4.3 percent of 2 644 smoked seafoods and 4.7 percent of “seafood
salads” positive for L. monocytogenes. Garrido, Vitas and Garcia-Jalon (2009) found
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25 percent of samples of RTE smoked fish contaminated with L. monocytogenes with
up to 60 percent prevalence in some brands.

As noted above, there has been much interest in the potential for cold-smoked
fish products to cause listeriosis, which probably results from: (i) the absence of a
listericidal step in the process of cold-smoking of fish; (i1) the fact that the product
supports the growth of L. monocytogenes and has a relatively long refrigerated
shelf-life (3—4 weeks); (iii) the fact that the product has a relatively large market and is
traded internationally (FAO, 1999); and (iv) the fact that many surveys indicate that
L. monocytogenes prevalence on the product is high, with rates of contamination of up
to ~80 percent observed in cold-smoked fish products (Table 21). These circumstances
have led to much research concerning the sources and ecology of L. monocytogenes in
fish processing plants.

Listeria monocytogenes is isolated at much higher frequency from RTE seafood
products than from raw materials. A number of studies on smoked-fish processing
plants in the 1990s and early 2000s (see Hansen, Vogel and Gram, 2006) demonstrated
that the processing environment is an important niche for L. monocytogenes. While
some studies have found the same strains in both raw fish and finished products
(Miettenan and Wirtanen, 2006), it is widely concluded that most contamination arises
from strains that have colonized the factory, while raw material is only rarely a direct
source of product contamination (Lappi ez al., 2004; Timothe er al., 2004). More recent
studies (e.g. Klaeboe et al., 2006; Cruz et al., 2008; Dass et al., 2010; Chen et al., 2010)
have not changed the view that colonization of fish processing plants occurs and is the
main source of contamination of RTE seafood products. The original source of the
L. monocytogenes that come to colonize the factory may be raw fish, but it appears that
conditions in the factory select for strains more able to colonize factories than others.
For example, using DNA-typing methods, Wuff et al. (2006) found that similar strains
colonized different processing plants, and that they persisted in some plants for years.
Numerous studies have been conducted in fish processing plants to determine the sites
of colonization and sites of transfer to RTE fish products. Brines used in preparation
of smoked fish can harbour L. monocytogenes, particularly if they become diluted over
time, as can hard-to-clean equipment such as slicers. Packaging areas have also been
implicated.

Table 21 also shows that L. monocytogenes is commonly detected in heat-processed
products subjected to a listericidal process, particularly those that involve extensive
handling. Post-process contamination is the probable cause of this contamination.
Cleaning and disinfection may temporarily remove the organism, which is often found
in more permanent niches in the processing environment such as in drains or under
floor mats.

Growth and survival in fish and fishery products: Jinneman, Wekell and Eklund
(2007) provide a review of studies of the growth potential of L. monocytogenes in
RTE seafoods, noting that seafood provides an excellent substrate for growth. In
lightly preserved seafoods, a number of hurdles are employed to increase the shelf-life
of the product, often in combination, including refrigeration, salt, phenolic (smoke)
compounds, acidification with organic acids including lactate, acetate, sorbate,
benzoate, citrate, or addition of salts of organic acids, addition of nitrite and modified
atmosphere packaging including CO,.
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TABLE 21
Representative prevalence of Listeria monocytogenes in RTE seafood products

% positive for

Product No. of samples L. monocytogenes
Blue crab (United States of America) 126 7.9

Fresh shrimp (Japan) 74 1.4

Fresh shrimp (Brazil) 178 17
Shrimp (multiple countries) 287 1.5

Fish (fresh, India) 51 0

Fish (fresh, Japan) 382 2.4

Fish (fresh, Trinidad) 61 2
Ceviche (Peru) 32

Cold-smoked salmon (Australia) 285 <1
Cold-smoked salmon (Denmark) 340 20.9
Cold-smoked salmon (Switzerland) 100 24
Cold-smoked fish (Switzerland) 434 11.3
Cold-smoked fish (United States of America) 61 78.7
Gravad/smoked salmon or trout (Sweden, 6 data sets 1993-6) 344 14 (range 4-23)
Hot-smoked fish (Switzerland) 691 8.4

RTE seafood at retail (Austria) 93 19.4

RTE seafood at retail (United States of America) 2 644 4.3
Seafood Salads (United States of America) 2 446 4.7
Seafood salads (Iceland) 37 16

Source: Modified from Jinneman, Wekell and Eklund (2007) and supplemented.

The effects of these hurdles alone or in combination are conveniently summarized
in a range of mathematical models. The most comprehensive of these models, and
the one most extensively evaluated, is that of Mejlholm and Dalgaard (2007), which
predicts the growth rate and limits to growth of L. monocytogenes in response to
most of the hurdles listed above. The evaluation of that model, and several others,
against 1 014 growth rate / growth limits datasets for L. monocytogenes in RTE foods,
including 194 RTE seafood products, was presented by Mejlholm and Dalgaard (2009).
The model evaluations undertaken showed that models can predict growth responses
accurately for RTE products without added antimicrobials as well as for those with
added salt, nitrite, organic acids and smoke components, and packaging atmospheres
enriched with CO,. However, the authors concluded that reliable predictions of
growth rate are obtained when the model contains terms to account for the effects
of all hurdles to L. monocytogenes growth that are present in the foods of interest.
An expanded form of the model of Mejlholm and Dalgaard (2007), including the
effects of all of the parameters described above, was subsequently developed and
presented by Mejlholm and Dalgaard (2009). User-friendly software that embodies
that model can also be accessed on a web page of the Danish Technical University
(http://sssp.dtuaqua.dk/).

Many of the data used in the evaluation referred to above involved foods deliberately
inoculated with L. monocytogenes, but several authors have noted that growth in foods
that are “naturally” contaminated (i.e. during production) with L. monocytogenes often
appears much slower than that predicted by models based on artificially inoculated
product samples. This discrepancy may be due to sublethal injuries during processing
or may be partly be explained by the so-called “Jameson effect” (Ross, Dalgaard and
Tienungoon, 2000), and also known as “hidden fermentation” (Stiles, 1996) when
caused by lactic acid bacteria, where the presence of a competitive microbiota in the food
can depress the maximum cell density of other bacteria, including L. monocyrogenes.
Figure 11 shows an example of the effect.

The mechanistic basis of the Jameson effect is unknown, but it may be due
to competition for space, production of toxic end products of metabolism,
production of specific inhibitory compounds such as bacteriocins, production of
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quorum-sensing compounds and “crosstalk” among related species, etc. Several
studies have considered the interaction between lactic acid bacteria and other
organisms, including L. monocytogenes, in foods, and have developed mathematical
models to describe those interactions. The modelling software referred to above and
available from the Danish Technical University also includes models for the effects
of interactions between lactic acid bacteria and L. monocytogenes. The modelling
approach itself is described in Giménez and Dalgaard (2004).

FIGURE 11
Growth of Listeria monocytogenes (mixture of six strains) on vacuum-packed
cold-smoked salmon (5 °C) when initial background flora is low or high

Source: From Huss, Jergensen and Fonnesbech Vogel (2000).

The inhibition of L. monocytogenes growth in the presence of high levels of
background microbiota evident in Figure 11 can be used deliberately as a preservation
technology by adding a “bio-protective” competitive lactic acid bacterial flora
that inhibits L. monocytogenes (Nilsson, Gram and Huss, 1999; Leroi, 2010). It is
preferable to use homofermentative strains, which have lower spoilage potential. Even
non-bacteriocin-producing lactic acid bacteria can induce the Jameson effect (Tome,
Teixeira and Gibbs, 2006; Mellefont, McMeekin and Ross, 2008).

Traditionally, the only hurdles to growth of L. monocytogenes in smoked fish were
salt (usually at 2-3 percent in the aqueous phase and leading to a water activity of
0.97-0.98) and phenolic compounds from smoke. The pH of the product is typically
about pH 6.2, which has a minimal effect on the growth rate of L. monocytogenes, and
there is no listericidal step in the process. Lactic acid bacteria are usually present and
the product is usually vacuum-packed and refrigerated. Under these conditions, growth
of L. monocytogenes is predicted (by many models) to occur and is also observed in
practice. The doubling time of L. monocytogenes under these conditions is typically in
the range 30-50 h. Given that the specified shelf-life of the product is often 3—4 weeks
at refrigeration temperatures, there is potential for up to 3 000-5 000 000-fold increases
in L. monocytogenes levels in the product prior to consumption, but this potential is
often limited by the presence of competitive microbiota.

Given this potential growth and also the difficulty of preventing ad hoc contamination
of the product, there has been increasing interest in the use of additional hurdles to
L. monocytogenes growth in RTE foods, including seafood products. Experimental
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treatments have included the addition of protective cultures, bacteriocins and
bacteriocin-containing formulations, and addition of salts of organic acids such as
sodium or potassium lactic acid or sodium diacetate, or both. While salts of lactic acid
are relatively benign in terms of sensory changes, acetic acid and its salts are sensorially
detectable above concentrations of ~0.25 percent (e.g. of Na-diacetate) but acetate is
apparently more effective on a molar basis, possibly because it has a lower pK,. Salts
of organic acids are preferred because they do not greatly alter the pH of the products,
although reduction of pH greatly enhances the antimicrobial activity of organic acids
because the undissociated form of organic acids is typically hundreds of times more
inhibitory to microbial growth than the dissociated form. In other lightly preserved
RTE seafoods, other organic acids may also be used to minimize the potential growth
of L. monocytogenes in the product.

Passive inactivation of Listeria: As a “rule of thumb”, when pathogens are prevented
from growth by environmental hurdles, they are inactivated. Even when temperature
per se is not lethal, the rate of inactivation is strongly affected by temperature (Zhang,
Ross and Bowman, 2010; Ross, Zhang and McQuestin, 2008). As such, environmental
factors that alone or in combination prevent growth of L. monocytogenes are of great
practical interest. Table 22 lists limits for growth of L. monocyrogenes for selected
environmental hurdles relevant to RTE seafoods. The models of Meijlholm and
Dalgaard (2007, 2009) can also be used to determine combinations of environmental
factors that would be expected to prevent growth.

Thermal inactivation of Listeria: Historically, listericidal treatments have consisted
principally of lethal heat treatments. The heat resistance of L. monocytogenes has been
extensively studied in meat, milk and dairy products (ICMSF, 1996). The thermal death
time curve for L. monocytogenes in cod and salmon was studied by Ben Embarek and
Huss (1993), who reported that the heat resistance of L. monocytogenes is higher in
salmon than in cod with D¢ values being 4.5 min and 1.8 min, respectively. It was
assumed that the higher lipid content (approximately 13 percent) of salmon protected
the bacterium.

Despite some early reports, it appears that L. monocytogenes are not unusually
heat-tolerant, and most reports of the presence of L. monocytogenes in foods that have
received listericidal treatments are probably due to post-processing contamination.
Dss.c values are in the range 1-12 min, Dy values are in the range 0.2-0.5 min, and
Dgsec values are in the range 0.2-0.9 min. Estimates for Z-values are in the range of
4.25-5.5 °C. In drier or oilier products, or where heat penetration is impended,
D-values may be higher (Bremer, Fletcher and Osborne, 2003).

TABLE 22
Levels of environmental factors relevant to RTE seafood products required to prevent growth
of L. monocytogenes

Environmental factor Lower limit Upper limit
Temperature (°C) -2to +4 45

Salt (% w/v water phase NacCl) 13-16 <0.5

(& corresponding a,, ) 0.92-0.93 > 0.997

pH (hydrochloric acid as acidulant) 4.2-4.3 9.4-9.5

Lactic acid (mM, water phase) 3.8-4.6 (undissociated)
Acetic acid (mM, water phase) 10.3 (undissociated)
Phenol (ppm) 32

Nitrite (ppm) 350

Carbon dioxide (ppm) 3140

Sources: Compiled from Ross, Dalgaard and Tienungoon (2000), and Meijlholm and Dalgaard (2009).
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Prevention and control: The preceding discussion has highlighted that
L. monocytogenes is a pathogenic bacterium that is present in many environments,
including those in which seafoods are processed, and that L. monocytogenes can cause
serious illnesses, with a high fatality rate. While it is a common contaminant of RTE
foods, infections from L. monocytogenes are rare and usually affect only people with
known predisposing conditions that reduce the efficacy of their immune systems. The
explanation for this apparent paradox seems to be that high doses of L. monocyrogenes
are usually required before infections are established. In other words, the main risk to
consumers arises from the growth of the organism in the product rather than its mere
presence. Given that L. monocytogenes are able to grow, albeit slowly, in many RTE
foods, minimization of the presence and growth of L. monocytogenes in RTE foods
forms the basis for risk management strategies.

Regulatory measures to protect consumers from food-borne Listeria
monocytogenes: The demonstration that low levels of L. monocytogenes in foods
are unlikely to cause disease has occurred in the last decade. Initially, the severity of
listeriosis led many nations to establish regulations embracing the concept of “zero
tolerance”, i.e. that L. monocytogenes must not be able to be detected in a specified
number of 25 g samples of the food of interest.

Subsequently, new research and several risk assessments have indicated that low
levels of L. monocytogenes are consumed daily by most people, apparently, with
no adverse effect. In recognition of these advances in understanding of the dose vs
probability of infection relationship of Listeria, and understanding of the potential
for its growth in various RTE foods, several nations and trading blocs have moved to
risk-based policies to establish criteria for L. monocytogenes in foods (Warriner and
Namvar, 2009). Recently introduced international requirements (EC, 2005a, 2007a)
and Codex guidelines (CAC, 2007b; CAC, 2009a) for control of risk from food-borne
L. monocytogenes on RTE foods allow some tolerance for low levels of the pathogens
in foods in which growth is unlikely or impossible. Specifically, these regulations
and guidelines infer that foods respecting the following criteria present no significant
public health risk:

e which due to their formulation and processing, prevent L. monocytogenes
growth in the product;
e where L. monocytogenes levels do not exceed 100 cfu/g.

Recognizing thatsomeproducts may supportvery limited growthof L. monocytogenes,
an additional category is recognized, i.e. foods that during their normal shelf-life and
under reasonably foreseeable conditions and duration of distribution and handling, do
not support the growth of L. monocytogenes (CAC, 2009a) of more than 0.5 log cfu.
In those foods, up to 100 cfu/g L. monocytogenes at the point of consumption is also
considered to present no significant risk. Some variations on this principle are evident,
e.g. in Australia cold-smoked salmon is required to be “free” of Listeria monocytogenes
in five 25 g samples, but one positive sample may be tolerated provided that the level of
L. monocytogenes in that sample does not exceed 100 cfu/g. In foods that do support
its growth, most States require that L. monocytogenes should not be present in the
product, i.e. a “zero tolerance” approach.

Industry approaches to protect consumers from food-borne Listeria
monocytogenes: The importance of preventing growth of L. monocytogenes in
management of the risk of listeriosis from RTE foods has created great interest in
the development of product formulations, additives and packaging systems that
can prevent growth of L. monocytogenes. There are many reports in the literature
describing the efficacy of different hurdles and hurdle combinations. As noted above,
the microbial ecology knowledge summarized and quantified in predictive models such
as that of Meijlholm and Dalgaard (2009) provides a means of identifying promising
and sensorially acceptable combinations of hurdles, or assessing existing products for
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their ability to prevent L. monocytogenes growth without the need for expensive and
time-consuming challenge studies.

Even if growth can be prevented in the product, contamination must be minimized,
or contaminants eliminated, to ensure that levels do not exceed the maximum tolerable
level of 100 cfu/g. Elimination of L. monocytogenes in RTE seafoods can only be
guaranteed in products that after packaging are subjected to a listericidal process,
typically a heat treatment. High-pressure processing has also been investigated, but
high pressures (e.g. > 500 MPa) are required to inactivate L. monocytogenes and, at
these pressures, physical changes can occur to the proteins of some seafoods products,
leading to an unacceptable loss in quality. Similarly, heating to listericidal levels will
cook the proteins in seafoods, which is unacceptable for many lightly preserved seafood
products, even if postprocessing contamination can be prevented. Accordingly, factory
hygiene and monitoring are important to produce foods that have acceptably low levels
and frequencies of L. monocytogenes contamination.

Control of listeriosis can be achieved using HACCP and GHPs, with some seafood
processing plants able to consistently achieve very low frequencies of contamination
of final product. L. monocytogenes is sensitive to common cleaning and disinfecting
agents, and chlorine, iodine, acid and anionic/quaternary ammonium-type sanitizers
are effective against L monocytogenes at concentrations of 100 ppm, 2545 ppm,
200 ppm and 100-200 ppm, respectively. L. monocytogenes often hides in niches in
the processing environment and great care must be taken to clean such niches. The
processing plant must have a Listeria surveillance programme and have procedures
implemented to find the source of the organism when it is detected by routine
monitoring, and steps to eliminate it. Procedures to demonstrate that it has been
eliminated are also required before processing recommences.

There are numerous sources of published and Internet-based information and
advice on appropriate processes and procedures for L. monocytogenes control in RTE
food processing plants.

3.2.1.7  Staphylococcus aureus

The genus Staphylococcus comprises several species, of which S. aureus in particular
is associated with food-borne disease. The staphylococci are Gram-positive cocci
bacteria. Their primary habitat is the skin, glands and mucous membranes of
warm-blooded animals including humans. Approximately 30-50 percent of humans
harbour S. aunreus on their skin or mucous membranes without symptoms. Importantly,
sores and scratches on the skin are often infected with S. aureus that can be transferred
to foods by food handlers with such sores or even those who are asymptomatic carriers.
S. aureus survives well in the environment, being relatively resistant to dryness, and
it may be isolated from a range of sources that come into contact with humans and
animals.

While S. anreus is the second-most common cause of food poisoning, it is not a
major cause of seafood-borne illness. S. aureus is seldom isolated from fresh seafood
products, but it can be found in products that are cooked and have involved extensive
human handling, such as picked crab meat. When implicated in food-borne disease, it
is often involved with foods that are cooked well in advance of eating, have received
much manual handling, and have been subject to temperature abuse. The disease caused
is usually mild and self-limiting, resolving within 24—48 h of onset of symptoms.

The disease and some epidemiological aspects: S. anreus produces a range of toxins
and diverse disease syndromes. These include a food-borne intoxication that principally
is characterized by vomiting, induced by Staphylococcal enterotoxins (SEs). Individual
S. aureus strains produce one or more of these antigenically distinct SEs, which were
originally designated from SEA to SEE. The most frequent causes of food poisoning
are due to SEs A, B, C1, D, and E. However, in the last decade, more SEs have been
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described and have been designated SEF, SEG, SEH, SEI, SE]J, SEK, SHL, SEM, SEN,
SEO, SEP, SEQ, SEIR and SEU (Omoe et al., 2005). Other species of Staphylococcus
(8. intermedius and S. hyicus) also produce some of these enterotoxins and have, albeit
rarely, been reported to have caused human food-borne illness.

Upon ingestion, the toxins cause nausea, vomiting, stomach cramps and, sometimes,
diarrhoea. SEA and SEB are the best characterized, and they are also regarded as
superantigens because of their direct effect on cells of that immune system, which can
lead to a syndrome described as “acute toxic shock”. Staphylococcal enterotoxins,
which are proteins, are preformed in the food. Thus, growth of the organisms in
the food is a prerequisite for toxin production, and disease. Because the toxins are
preformed in the food, the time to onset of symptoms is short, typically 1-4 h.
All SEs have a molecular weight of approximately 23-27 kD, being approximately
200-250 amino acids in length. The proteins are very stable and survive normal
cooking, and they are resistant to gastrointestinal proteases, such as pepsin. The toxins,
if present in foods, are not sensorially detectable.

The primary effect of the toxins is a neurological (i.e. not an enterotoxic) effect that
involves stimulation of afferent vagus nerves in the intestine via serotonin released
by other intestinal cells due to the influence of the SEs (Hu er al., 2007). While
very unpleasant, the disease is self-limiting and typically lasts only 24-48 h without
long-term effects. Owing to the relatively short-lived nature of the disease, it is believed
that only a small fraction (1-5 percent) of cases are reported. A higher frequency is seen
during warmer months, presumable a reflection of the greater likelihood and severity
of temperature abuse of foods, and in November and December. The latter peak may
be correlated with leftover holiday foods and buffets (Jablonski and Bohach, 1997).

Prevalence in fish and fishery products: Staphylococci may be isolated from
newly caught fish, especially in warm waters (Gram and Huss, 2000). However,
enterotoxigenic strains are typically transferred from food handlers with hand
infections or with a cold or a sore throat. S. aureus has been isolated at levels of
2-10 percent in fish and bivalves but much more commonly in cooked, handled
crustaceans, where as much as 24-52 percent of samples may be positive (Jablonski and
Bohach, 1997). Batters used with seafoods may represent a special risk (FDA, 2011a)
due to their manner of preparation and storage in food service, and because frying will
not inactivate the toxin.

Growth and survival in fish and fishery products: S. awreus can grow at
temperatures of from approximately 8 to 48 °C, pH > 4.3 and water activity (NaCl
as humectant) > 0.86. Optimal levels for these conditions are ~37 °C, pH 7, a, 0.995,
respectively. In general, where growth is possible, toxin production will also be
possible, although some reports indicate that SEs are not produced at temperatures
< 10 °C. As with most bacteria, for any environmental condition, the range over which
growth is possible is reduced when another environmental factor is suboptimal.

Although it may be detected on raw fish (and meat), S. aureuns will not usually
be able to grow to toxigenic levels. Disease-causing levels of toxin occur only when
extensive growth of S. aureus has occurred, typically at levels > 10¢ cfu/g. Staphylococci
are relatively slow-growing compared with spoilage bacteria and, under most seafood
processing regimes, low temperatures and the presence of other bacterial species
(spoilage organisms) prevent extensive growth of S. anreus from occurring. However,
in low water activity products, S. aureus may have a competitive advantage because
of its unusually high tolerance of salt. Similarly, growth and toxin production may
occur in products such as cooked crustaceans where the heat-processed meat is
virtually sterile and where the hand peeling operations provide ample opportunity for
contamination with staphylococci. Because S. anreus is a mesophilic organism, some
degree of temperature abuse typically also precedes intoxications.
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Prevention and control: Growth and toxin formation may easily be prevented
by proper chilling of products. Avoidance of cross-contamination of heat-treated
(cooked) products is also important. While S. aureus is capable of growth anaerobically,
anaerobic growth is slower and less extensive under otherwise equivalent conditions.
Toxins have not been detected in canned foods.

The European Union (Member Organization) has set microbiological criteria for
S. anreus in cooked crustaceans where none of five samples may exceed 1000 cfu/g and
only two samples may exceed 100 cfu/g (EC, 2001a). Other jurisdictions are somewhat
more lenient: the Canadian Food Inspection Agency (CFIA, 2011) allows up to one
sample in five of any kind of seafood product to contain more than 1000 cfu/g S. aureus
but no sample is permitted to exceed 10 000 cfu/g S. aunreus. Similarly, the FDA will
tolerate up to 10 000 cfu/g S. aureus in seafood products, provided that SEs are not
detected (FDA, 2011b).

3.2.1.8  Clostridium botulinum

Clostridium botulinum is a Gram-positive, obligate-anaerobic, spore-forming,
rod-shaped bacterium that is widely distributed in soils and marine sediment all over
the world. It also colonizes the gastrointestinal tract of fish, birds and mammals.
This organism produces a neurotoxin and, based on the antigenic characters of the
neurotoxin, six types are recognized, A-F. Clostridium argentinense produces type G
botulinum toxin. Rare strains of C. butyricum and C. baratti may produce botulinum
toxins. Based on their physiology, three groups of C. botulinum are recognized:

*  Group I includes proteolytic botulinum toxin types A, B and F that are heat
resistant (Do, of spores ~25 min) and salt tolerant (inhibitory NaCl 10 percent)
with a minimum growth temperature of 10 °C.

*  Group II includes non-proteolytic botulinum toxin types B, E and F that are
heat sensitive (D4 of spores < 0.1 min), psychrotropic (minimum growth
temperature 3 °C) and salt sensitive (inhibitory NaCl 5 percent).

®  Group III includes botulinum toxin types C and D that are salt sensitive
(inhibitory NaCl 3 percent) with a minimum growth temperature of 15 °C.

Epidemiological aspects: Human botulinum may be caused by C. botulinum types
A, B, E and, rarely, types F and C. Type F toxin produced by C. baratti and type E
toxin produced by C. butyricum have rarely been involved in human botulinum. Strains
of C. botulinum that produce type C and D toxins are mostly involved in botulism in
non-human species. Owing to the greater heat resistance of Group I spores, cases due
to this type are associated with insufficiently processed home-preserved foods such
as canned vegetables and cured meat. Cases due to Group II strains that can grow at
lower temperatures could be associated with mildly heated products packaged under
anaerobic conditions and stored in a refrigerator, e.g. vacuum-packed smoked fish.
Food-borne botulinum has been reported from several countries such as the United
States of America, Canada, Japan, China, the Russian Federation, some countries in
Europe, South Africa and Iran (Islamic Republic of) (Johnson, 2007). In the United
States of America, 25-60 cases occur annually, mainly through home-prepared foods.
In the period 1973-2006, there were 43 seafood-associated outbreaks involving
152 cases, of which 61 required hospitalization and 9 resulted in death (Iwamoto ez
al., 2010). Eighty-six percent of the reports were from Alaska, involving consumption
of traditional Alaskan native seafood dishes prepared with salmon eggs, fish heads,
seal and whale meat. There were no cases associated with crustaceans or molluscs.
Group II botulism associated to various foods (including fish and fishery products) in
Europe and other parts of the world in the period 1980-2004 have been reviewed by
Lindstrom, Kiviniemi and Korkeala (2006). Uneviscerated salted mullet (faseikh) was
associated with an outbreak involving 91 cases in Egypt. Smoked fish were involved
in 85 cases in Georgia in the period 1980-2002, and fish were involved in 72 cases
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in the Russian Federation in 1999 (Lindstrom, Kiviniemi and Korkeala, 2006). Most
fish-associated outbreaks and cases are due to type E, and type A and B botulism have
generally been associated with meat products, but fish may also be involved in these,
for example, cases due to type B involving sturgeon fish occurred in the United States
of America in 1990 (Lindstrom, Kiviniemi and Korkeala, 2006).

Food-borne botulism has an incubation period of about 12-36 h following
consumption of toxic food. However, this could be 2 h where foods have high levels
of toxin, or as long as 2-14 days where low levels of type B or E toxins are consumed.
Clinical symptoms of food-borne botulism include fatigue, weakness and vertigo,
blurred vision, dilated pupils, drooping eyelids, difficulty in swallowing, weakness of
neck and mouth, and paralysis of limbs and torso. Vomiting, diarrhoea and abdominal
swelling may occur. In severe cases, respiratory muscles are weakened and mechanical
ventilation becomes necessary to prevent death. Treatment involves mechanical
ventilation to support respiration and administration of antibodies (ABE antitoxin)
before neurological symptoms set in. Fatality used to be about 50 percent in the early
twentieth century, but this has decreased to about 10 percent with the availability of
antisera and respiratory support systems.

The botulinum toxin is a highly potent neurotoxin with an estimated lethal dose
of 0.1-1 pg/kg by oral route. The toxin is highly stable under acidic conditions
(pH 3.5-6.5), but dissociates under alkaline conditions and is inactivated. Thus, the
toxin is inactivated in spoiling fish products with pH > 7.5. The toxin is heat sensitive,
and inactivation of botulinum toxin in buffers and foods occurs when subjected to
70 °C for 1 h or 80 °C for 30 min or boiling for 15 min (Johnson, 2007). However,
thermal inactivation does not show a log-linear effect, and considerable tailing may be
observed, particularly at lower processing temperatures. This complicates the use of
traditional D-values to model thermal inactivation, and it has been proposed that heat
resistance be expressed as the time required for inactivation to below the threshold for
toxicity (Johnson, 2007).

Ecology and occurrence in fish and fishery products: C. botulinum is ubiquitous
and occurs in soils, sediments of aquatic environments (both freshwater and marine)
and in the intestinal tracts of animals and fish in temperate, arctic and tropical
environments. The organisms are saprophytic and do not have an obligatory relation
with animal hosts. In the United States of America, western soils commonly have type
A and eastern soils type B; in European soils, usually type B are found. In coastal
regions of the world, type E can be found all over the world, and the prevalence could
range from 1.2 percent to 65 percent (Johnson, 2007) and may even reach 100 percent
in some areas (Figure 12). In farmed trout, levels of up to 5.3 spores/g have been found
and this could be due to fish being reared in mud ponds and fed with wet feed (Huss,
Pedersen and Cann, 1974). A high prevalence of spores has been reported from Poland,
China, France, the United States of America and the Russian Federation, and these
countries experience higher incidences of botulinum (Johnson, 2007). Although many
types of meat such as beef, poultry and pork rarely contain C. botulinum spores, where
they are part of processed food with mixed ingredients containing fish or vegetables,
contamination could occur.

Generally, low numbers of spores are associated with fish (e.g. 1-2 or a few hundred
spores per kilogram). Higher spore numbers, e.g. 2 000-3 000 spores/kg have been
reported by some investigators (Lund and Peck, 2000). There are very limited studies
on fishery products. There are some reports on prevalence in smoked fish and generally
low levels (0-3 percent) have been found to be positive with numbers ranging from
40 to 290 spores/kg (Gram, 2001).

Growth and survival in fish and fishery products: Although C. borulinum spores
are commonly found in fish, the organism is not considered a hazard in fresh fish
because the levels are very low and the redox potential (Eh) of fresh fish and fishery
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products is high and not favourable for germination of spores and multiplication
of this organism. Aerobic bacterial flora associated with fish would cause spoilage
before growth and toxin production by C. botulinum can occur. As botulism is an
intoxication, the hazard is with foods that permit spore germination, spore growth
and toxin production by the organism. The risk of toxin formation is considered
high in smoked fish, as the heating step is not adequate to eliminate the spores.
Cold-smoked fish have low salt levels and are often vacuum-packed, and these
conditions are favourable for the growth of C. botulinum.

FIGURE 12
Prevalence of C. botulinum in fish

Sources: From Huss (1980) and Lalitha and Surendran (2002).

The main factors that control the growth of C. botulinum in foods are temperature,
pH, salt, water activity (a,), redox potential and the presence of any preservatives. The
organism is strictly anaerobic and sensitive to oxygen. C. botulinum type E can grow
and produce toxin at 3.0-3.3 °C or in up to 5 percent NaCl (water phase salt) when
other growth conditions are optimal (Gram, 2001). Tolerance to water activity could
vary depending on the solute, e.g. 0.97 with NaCl, and 0.94 with glycerol for strains of
Group II. For stains of Group I, the minimum a,, is 0.9353. The organism is sensitive
to acid, and strains of Group II do not grow at pH below 5.0, while strains of Group I
do not grow below pH 4.6. The growth-limiting factors are indicated in Table 23.

TABLE 23
Growth-limiting factors for C. botulinum

Parameters C. botulinum Group | C. botulinum Group Il
Growth temperature

Minimum 10 °C 3°C

Optimum 35-40 °C 18-25 °C

Maximum 48 °C 45 °C
Minimum pH 46 5.0
Inhibitory a,, 0.9353 0.97
Inhibitory NaCl 10% 5%
D10 Of spores ~25 min <0.1 min

Diz1-c Of spores 0.21 min <0.005 min
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It needs to be emphasized that the factors indicated in Table 23 seldom function
independently. For example, toxin production could be inhibited at salt concentrations
of less than 5 percent where the temperature is less than optimum. The minimum a,
could vary with solute, e.g. 0.97 when NaCl is used and 0.94 when glycerol is used.

The toxins produced by C. botulinum are thermolabile, although it is not considered
acceptable to rely on cooking to eliminate the hazard in foods (Gram, 2001). Thermal
inactivation depends on other factors. For example, C. botulinum type E toxin is more
heat resistant at lower pH values (pH 4.0-5.0). The toxin was inactivated after 5 min
at 60 °C in a cooked meat medium of pH 7.5, but at 65 °C in meat broth of pH 6.2. In
canned corn of pH 6.2, the 3D reduction occurred in 2 min at 74 °C, but in a phosphate
buffer of 6.8, a similar reduction occurred in 1 min, which extended to 6 min in the
presence of 1 percent gelatin.

A combination of factors is used to control C. botulinum in foods. The inhibitory
factors used are thermal treatment, pH, water activity, salts or other inhibitors and
competitive flora. Low-acid foods with pH < 4.6 have an excellent safety record.
However, certain conditions in low-acid foods may permit growth of C. botulinum,
e.g. inadequate penetration of acids leading to formation of microenvironments with
higher pH or metabiosis — where fungal mats form on surface of foods increasing pH
under the mats (Johnson, 2007). Control of water activity through addition of salt is
another method used to control C. botulinum. Temperature (< 10 °C for Group I and
< 3 °C for Group II) is also used in combination with another inhibitory factor such as
salt. Fish is considered an excellent substrate for the growth of C. botulinum. Cann and
Taylor (1979) studied toxin production in farm-produced, hot-smoked whole trout
with about 80 percent prevalence for C. botulinum. No toxin production was detected
in fish with 2.5 percent salt when stored at 10 °C for 30 days, but at 2.0 percent salt,
whole ungutted fish became toxic.

Freezing does not affect spore viability, but under frozen conditions, germination
and growth of C. botulinum does not occur and, if vacuum packed, frozen storage
will have little effect on lipid oxidation and, consequently, sensory quality. At
low-temperature storage, other factors such as salt (5 percent water phase salt) are
required to prevent germination and growth of C. botulinum type E. Toxin production
is prevented for 2-3 weeks at 2-2.5 percent salt and for 4-5 weeks at 3-3.5 percent salt
at 5 °C in laboratory media inoculated with high inocula (10*-10° spores/ml). On the
other hand, with fish as substrate, toxin production was slower. In cold-smoked trout
with 1.7 percent salt, no toxin was detected when stored at 4 °C or 8 °C for 4 weeks
(Dufrense et al., 2000), and in hot-smoked trout stored at 10 °C, no toxin was detected
at 2.5-3.5 percent salt (Cann and Taylor, 1979). Thus, 3.5 percent salt combined
with a maximum storage of 4 weeks at 4 °C is considered safe for vacuum-packed
cold-smoked fish (Gram, 2001).

Although C. botulinum is sensitive to oxygen, toxin production could occur
in air-packed fish at 5-6 days compared with 4-5 days in vacuum-packed fish.
Microenvironments could exist in air-packed fish, where the organism could grow
and produce toxin. However, shelf-life is reduced by a factor of 1.5-2.0 by aerobic
storage compared with vacuum-packed storage. In some countries, vacuum-packed
cold-smoked fish should contain 3.5 percent NaCl or 3.0 percent combined with
200 ppm nitrite, but only 2.5 percent salt is required for aerobically packed fish (Gram,
2001). Although spoilage is relied upon as a safeguard in aerobic-packed fish, it is now
accepted that oxygen is no safeguard against C. borulinum toxin formation. Variable
results have been obtained with 1 percent sorbate.

Thermal inactivation of C. botulinum spores has been studied extensively,
particularly from the point of view of the canning industry. D-values for the two
groups of C. botulinum vary (Table 23). For non-proteolytic types, heat treatment
of 90 °C for 10 min has been reported to provide a safety factor of 10¢ (6-D process).
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For the proteolytic group, the canning industry generally uses a D-value of 0.2 min at
121 °C for calculating the thermal process, and for most heat-resistant strains, z-values
(temperature change necessary to bring about a tenfold change in the D-value) are
taken as 10 °C (Martens, 1999; Austin and Dodds, 2001).

Prevention and control: In the canning industry, a 12D process (12 log reduction in
spore count) is used as a minimum heat process to be applied to low-acid canned foods.
For proteolytic strains, this would be 12 x 0.2 = 2.4 min at 121 °C (also called F-value).
Considering spores with higher resistance (D¢ 0.25), this would be 12 x 0.25 =
3.0 and, in commercial practice, higher F-values (e.g. 5.0) are often used to produce
botulism-safe canned food. For foods that do not receive a thermal process compared
with canning, a combination of temperature and salt (as discussed above) is used.

3.2.1.9  Escherichia coli

Escherichia coli is a member of the family Enterobacteriaceae and is a common
inhabitant of the intestinal tract of humans and warm-blooded animals. This species
is serologi