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Preface and Acknowledgments

In October 2004 the Research Center for Gastroenterology and Liver Dis-
ease of Shaheed Beheshti University hosted in Tehran an Iranian-American work-
shop on Food Safety and Surveillance Systems for Foodborne Diseases. The
purposes of the workshop were to initiate contacts between Iranian and Ameri-
can specialists, exchange information about relevant activities in the two coun-
tries, and set the stage for future cooperation in the field. The participants also
identified important aspects of food safety that should be addressed more inten-
sively by both countries, including surveillance, research, international trade,
and risk assessment. The framework for the workshop had been developed dur-
ing a meeting of Iranian and American specialists in June 2003 in Les Treilles,
France.

The Research Center for Gastroenterology and Liver Diseases selected the
Iranian participants in the workshop, and the U.S. Institute of Medicine selected
the American participants. Representatives of the World Health Organization
and the Food and Agriculture Organization also made brief presentations. Alto-
gether more than 100 specialists participated in the workshop in their personal
capacities. The documents developed during and following the workshop reflect-
ed their personal views and not the views of their organizations.

These proceedings include a number of papers that were presented at the
workshop together with summaries of discussions following presentation of the
papers. Upon completion of the workshop, the American participants had the
opportunity to continue their discussions with counterparts at their institutions
and to visit several production, research, and clinical facilities in the Tehran
area. The workshop papers and the discussions during the workshop and during
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the subsequent visits provide a good basis for continuing international coopera-
tion in this field, which is of growing importance to all countries.

The specialists and officials that participated in this activity are identified in
the appendixes. Their contributions are greatly appreciated. Dr. Mohammad Reza
Zali deserves particular recognition for his continuous efforts in ensuring that the
activities would be professionally rewarding for the specialists.  The contribu-
tions of the staffs of the Research Center for Gastroenterology and Liver Disease
of Shaheed Beheshti University of Medical Science and of the Food and Nutri-
tion Board of the Institute of Medicine, particularly Ricardo Molins, also deserve
recognition.

Special appreciation is extended to the Academy of Medical Sciences of
Iran and to the National Academies of the United States for their assistance in
facilitating the holding of the workshop, and to the National Research Council
(NRC), which provided funding for this project.

This volume has been reviewed in draft form by individuals chosen for their
technical expertise, in accordance with procedures approved by the NRC’s Re-
port Review Committee. The purpose of this independent review is to provide
candid and critical comments that will assist the institution in making its pub-
lished report as sound as possible and to ensure that the report meets institutional
standards for quality. The review comments and draft manuscript remain confi-
dential to protect the integrity of the process.

We wish to thank the following individuals for their review of selected
papers: Kathryn Boor, Cornell University; Michael Doyle, University of Geor-
gia; Jocelyne Rocourt, Pasteur Centre of Cameroon; and Allison Yates, ENVI-
RON.

Although the reviewers listed above have provided constructive comments
and suggestions, they were not asked to endorse the content of the individual
papers. Responsibility for the final content of the papers rests with the individual
authors.
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 Shaheed Beheshti University of Medical Sciences
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1

Opening Session

Dr. Mohammadreza Razailashkajani
Research Center for Gastroenterology and Liver Disease

Shaheed Beheshti University of Medical Sciences

The opening session began with a recitation of verses from the Holy Koran,
followed by a rendition of Iran’s national anthem.

Professor Peyravi, the chancellor of Shaheed Beheshti University of Medical
Sciences, was the first to welcome the workshop guests and participants. He
highlighted the scientific importance and economic impact of food safety issues
and the necessity for international collaboration in improving many aspects of
food safety.

Professor Mohammad Reza Zali, the president of the Research Center for
Gastroenterology and Liver Disease, welcomed the guests and participants on
behalf of the main host of the workshop. He spoke of the great burden that
foodborne diseases annually impose on human health and the global economy.
Dr. Zali stated that although food safety concerns traditionally focus on end
products, a more comprehensive approach is needed, one that covers the “farm
to fork” spectrum. He called for multidisciplinary cooperation in all aspects of
food safety at both the national and international levels and expressed the hope
that opportunities such as the workshop would attract the support of the relevant
parties in his country.

Mr. Glenn Schweitzer, program director at the U.S. National Academies, re-
ferred to this workshop as a highly significant and ambitious activity. He stressed
that the exchange of views among experts from Iran and the United States would
contribute to a richer global perspective on food safety. Pointing to the so far
insufficient contributions of countries in the Middle East to the international
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2 FOOD SAFETY AND FOODBORNE DISEASE SURVEILLANCE SYSTEMS

food safety dialogue, he commended the technical competence of Iranian scien-
tists and their enthusiasm for the topic, as well as Dr. Zali’s perseverance in
organizing this important venue to consider a topic of increasing international
importance.

Dr. Abdorrashid, the Food and Agriculture Organization’s (FAO’s) representa-
tive in Iran, underlined the economic and scientific importance of food safety in
the world today. He declared that many developing countries not only suffer
from outbreaks of foodborne and zoonotic diseases but also incur severe eco-
nomic losses due to rejection of their food exports because these are not in
compliance with international standards. He also mentioned that Iran has made
considerable progress toward achieving international standards and developing
effective food safety systems. Emphasizing the importance of international col-
laboration, he listed four international projects on food safety that were joint
endeavors of the FAO and Iran’s Ministry of Jihad-e-Agriculture. Finally, he
called for more awareness of food safety issues by regulatory bodies and ex-
pressed the hope for increased attention to the cultural aspects of this topic.

Dr. Rajab-beygi, the representative of Iran’s Ministry of Jihad-e-Agriculture,
stated that recent agricultural advances have raised new challenges in food safe-
ty. These include problems associated with foodborne pathogens, heavy metals,
and residues of agricultural and veterinary drugs that can compromise public
health. He added that the Ministry of Jihad-e-Agriculture in collaboration with
the FAO is developing new strategies in food safety and is working toward a
more holistic approach. He also declared that Iran is trying to establish an effec-
tive food safety system and the Ministry of Jihad-e-Agriculture laboratories are
now equipped with technologies for detecting and measuring drug residues and
performing microtrace measurements.

Dr. Gooya, the representative of the Center for Disease Control of Iran’s Minis-
try of Health, stressed the importance of collaboration between the Ministry of
Health and the Research Center for Gastroenterology and Liver Disease in de-
veloping a surveillance system for foodborne diseases in Iran.

Dr. Niño, an FAO consultant, expressed his gratitude to Dr. Zali and other
organizers of the workshop and emphasized the important role of food and food
safety as part of every nation’s life and culture. He pointed to the significance of
the FAO/World Health Organization Codex Alimentarius, its special focus on
food standards, and the important role of Iranian representatives on its commit-
tees.
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5

Overview of Food Safety Issues and of
Diseases Arising from Food of Animal and

Plant Origin in the United States

Karl R. Matthews
Department of Food Science, Rutgers University

Food safety and foodborne diseases are topics of global concern. Food safe-
ty encompasses many areas, including pesticide and antibiotic residues, the pres-
ence of mycotoxins and foodborne pathogens, and all aspects of food production
and preparation. Many issues associated with these topics are common to all
countries. Decisions must be made by each nation to determine priority areas
that should be addressed to ensure the health of its citizens. In the United States,
despite significant strides in microbiological food safety, continued effort is re-
quired to combat this complex human health issue.

The Centers for Disease Control and Prevention (CDC) estimates that 76
million persons in the United States annually contract foodborne illness (Mead et
al., 1999). Surveillance data from the Foodborne Disease Active Surveillance
Network (abbreviated as FoodNet) suggest that the infection incidence for target
foodborne pathogens in the year 2003 was lower than the average annual inci-
dence in the United States for the years 1996-1998 (Vugia et al., 2004). FoodNet
determines the burden and sources of specific foodborne diseases by surveying
laboratories in selected states. The estimated incidence of several infections de-
clined significantly during the evaluation period. Infections decreased 49 per-
cent, 42 percent, 28 percent, and 17 percent for Yersinia, Escherichia coli
O157:H7, Campylobacter, and Salmonella, respectively. The incidence of
Cryptosporidium infection decreased 51 percent. The incidence of Listeria and
Shigella varied considerably during the observation period but did not change
significantly. Only the incidence of Vibrio infections increased.

The changes in incidence of the above infections occurred during a period
when control measures were implemented with new or renewed effort by gov-
ernment agencies and the food industry. The U.S. Department of Agriculture
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6 FOOD SAFETY AND FOODBORNE DISEASE SURVEILLANCE SYSTEMS

(USDA) through its Food Safety Inspection Service (FSIS) launched Pathogen
Reduction/Hazard Analysis and Critical Control Point (PR/HACCP) regulations
for meat and poultry slaughter operations and processing plants in 1996. The
U.S. Food and Drug Administration (FDA) introduced several intervention strat-
egies designed to control foodborne diseases in the products they regulate. These
include the produce safety guidance of 1998 (http://www.foodsafety.gov/~dms/
prodguid.html), the sprout safety guidance of 1999 (http://www.isga-sprouts.org/
sprougd1.htm), the requirements for refrigeration and safety labeling of shell
eggs in 2001 (http://www.foodsafety.gov/~dms/fs-toc.html), and implementation
of HACCP regulations for the seafood industry in 1997 (http://vm.cfsan.fda.gov/
~lrd/fr951218.html) and the juice industry in 2002 (http://www.cfsan.fda.gov/
~lrd/fr01119a.html).

Food safety policies and practices must continue to evolve as new technolo-
gies, production practices, and food manufacturing processes are developed. The
complex relationships among pathogens, the host, and the environment also ought
to be taken into consideration when addressing foodborne illnesses. For the pur-
poses of this paper, food safety and foodborne disease issues are categorized
broadly as those of either animal or plant origin.

The microbiological quality and safety of animal products is influenced by
an array of factors. They include production practices, use of antibiotics, con-
sumer demand, and the global nature of the marketplace. Meat animal produc-
tion has increased significantly in the United States over the past 30 years. Con-
currently, meat animal production practices have changed. Perhaps most notable
is the change to higher-intensity production practices. Pathogenic microorgan-
isms are more likely to spread among animals confined in a limited space (IFT,
2002). To ensure the health and promote the growth of livestock, antibiotics are
often added to animal feed. Indeed, approximately one-half of the antibiotics
produced today are added to animal feed (WHO, 2002). This may contribute to
the development of antibiotic-resistant human pathogens that have animal reser-
voirs (Smith et al., 2005). The microbiological safety of meat and meat products
requires concerted effort from government agencies, livestock producers, and
meat processors.

A number of well-publicized outbreaks of foodborne illness and recalls of
meat and meat products have occurred during the past decade. Many millions of
kilograms of ground beef and luncheon meat have been recalled because of
potential contamination with E. coli O157:H7 and Listeria monocytogenes, re-
spectively. A large outbreak in the early 1990s due to E. coli O157:H7 contami-
nated hamburgers resulted in four deaths and hundreds of illnesses; this prompt-
ed the development of the USDA/FSIS PR/HACCP rule mentioned above.
Indeed, a single foodborne pathogen has completely changed the beef industry in
the United States.

The cost of concerns about E. coli O157:H7 contamination in beef produc-
tion in the United States was estimated at a staggering $2.7 billion in the past 10
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OVERVIEW OF FOOD SAFETY ISSUES 7

years (Kay, 2003). This cost is associated with recalls, lost consumer demand,
implementation of food safety intervention strategies, and increased operating
expenses. The poultry industry has also experienced greater production expenses
to control Salmonella and Campylobacter associated with poultry products and
eggs. Going beyond the egg refrigeration rule, the FDA proposed measures to
prevent S. enteritidis contamination of shell eggs during egg production.

Salmonella, Campylobacter, and E. coli O157:H7, more so than other patho-
gens, are of significant concern in beef and poultry processing. Listeria monocy-
togenes, ubiquitous in the environment, has caused several large outbreaks of
foodborne illness linked to luncheon meats and hot dogs. Contamination of these
products is generally thought to occur post-processing.

Listeria monocytogenes can be found in a variety of foods; however, many
outbreaks have been associated with ready-to-eat foods. In a continuing effort to
prevent L. monocytogenes illness and control this pathogen, the FDA’s Center
for Food Safety and Applied Nutrition (CFSAN) and the CDC developed the
Listeria Action Plan (http://www.foodsafety.gov/~dms/lmr2plan.html). Six ar-
eas for action have been identified at the government, processor, and consumer
levels to reduce significantly the risk of illness and death caused by L. monocyto-
genes in ready-to-eat foods. The FDA is also reexamining the U.S. regulatory
policy on L. monocytogenes in food. A proposal has been put forth to eliminate
the zero tolerance policy for food products that do not support the growth of L.
monocytogenes.

Clearly, no single measure can prevent contamination of animal products
with microorganisms potentially hazardous to human health. In the United States,
government programs are in place, guidance plans have been developed for in-
dustry, and consumer education information is available to guide the public in
the proper handling of animal products. Such strategies are also in use to ensure
the safety of fresh fruits and vegetables.

The microbial safety of fresh fruits and vegetables is of global concern with
respect to human health (WHO, 1998). In the United States the number of out-
breaks of human illness associated with the consumption of fresh produce has
increased in recent years (Beuchat, 2002; Sivapalasingam et al., 2004). This has
been attributed to a variety of factors, including increased consumption, changes
in agronomic and harvesting practices, and increased importation (Beuchat,
2002). The increase in cases of foodborne illness linked to consumption of fresh
fruits and vegetables has spurred research addressing the preharvest interactions
between foodborne pathogens and growing plants.

Recent studies by the USDA’s Economic Research Service and by the
FDA’s CFSAN addressed issues of importation and contamination of imported
produce (Jerardo, 2003; http://www.cfsan.fda.gov/~dms/prodsur6.html; http://
www.cfsan.fda.gov/~dms/ prodsur10.html). The percentage of fruits and vegeta-
bles that were imported into the country more than doubled from 1985 to 2001.
Import of fresh fruits went from 9 percent to 23 percent and for vegetables from
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8 FOOD SAFETY AND FOODBORNE DISEASE SURVEILLANCE SYSTEMS

8 percent to 17 percent (http://www.ers.usda.gov/publications/fau/july03/
fau7901/fau7901.pdf). During the 1990s, at least 12 percent of foodborne illness
outbreaks were linked to fresh produce items. An FDA survey of domestic pro-
duce indicated that approximately 1 percent (12 of 1028) of samples were posi-
tive for target foodborne pathogens (http://www.cfsan.fda.gov/~dms/
prodsur10.html). Approximately 2.6 percent, 1.6 percent, and 1.8 percent of the
cantaloupe, cilantro, and lettuce, respectively, were contaminated with Salmo-
nella. In a survey of imported produce > 4 percent (44 of 1003) of samples were
positive for either Salmonella (35 or 80 percent) or Shigella (9 or 20 percent)
(http://www.cfsan.fda.gov/~dms/ prodsur6.html).

Numerous avenues exist during the production, harvesting, transport, and
marketing of fresh produce for the introduction of pathogens (Beuchat, 2002).
Contaminated manure, irrigation water, wash water, equipment, and farm work-
ers are all potential vectors for the transmission of pathogens to fresh fruits and
vegetables (Beuchat, 2002). A recent expert report from the Institute of Food
Technologists (IFT) stated that “the complexity of the pre-harvest, harvest, and
post-harvest environments makes it impossible to control all potential sources of
microbial contamination” (IFT, 2002). The microbiological quality of water used
for the irrigation and the washing and rinsing of vegetables post-harvest may be
the single largest factor in contaminating produce.

The USDA’s National Agricultural Statistics Service classifies irrigation
methodologies into four categories: sprinkler systems, gravity-flow systems, drip
or trickle methods, and subirrigation (USDA, 1998). Sprinkler systems apply
water to crops from overhead pipes that are towed into position. Water droplets
fall onto the edible portions of the plants as well as onto the soil surface. If the
water is contaminated with a pathogen, the edible portion of the plant and the
surrounding soil will likely also become contaminated. The advantage associat-
ed with sprinkler systems is the potential for more exact water management than
with surface irrigation.

The remaining three irrigation techniques all involve the direct application
of water onto the soil surface by a series of levees, furrows, and underground
tubing. Here and throughout this paper these methods are collectively referred to
as surface irrigation. With surface irrigation, water contacts primarily the roots
of the growing plants. Data from the most recent census (1998) indicated that
approximately 50 million acres of farmland were irrigated annually in the United
States (USDA, 1998). Of that, 22.9 million acres were irrigated using sprinkler
systems and the remainder by surface irrigation. For lettuce specifically, 58 per-
cent of the annual harvest was sprinkler irrigated (USDA, 1998).

Studies show that Salmonella and E. coli O157:H7 can survive for extended
periods (> 40 days) in well, river, and lake water (Moore et al., 2003; Rice et al.,
1999; Wang and Doyle, 1998). Therefore, a very real possibility exists for the
contamination of crops in the field through exposure to contaminated irrigation
water.

Copyright © National Academy of Sciences. All rights reserved.

Food Safety and Foodborne Disease Surveillance Systems:  Proceedings of an Iranian-American Workshop
http://www.nap.edu/catalog/11526.html

http://www.nap.edu/catalog/11526.html


OVERVIEW OF FOOD SAFETY ISSUES 9

At present, chlorine at a concentration of 50-200 ppm is the primary post-
harvest sanitizing agent in routine use for fresh produce (Beuchat, 1998); how-
ever, this level of chlorine has repeatedly been demonstrated to be ineffective at
eliminating pathogens from fruits and vegetables (Beuchat, 2002; Weissinger et
al., 2000). Indeed, chlorine is often added to the wash water to reduce the micro-
bial load of the water, not necessarily to kill the specific pathogens that contami-
nate the produce.

While extremely effective against E. coli O157:H7 in aqueous systems (Rice
et al., 1999), the efficacy of chlorine is greatly reduced on raw fruits and vegeta-
bles. Beuchat et al. (1998) stated that the loss of activity likely occurs when
chlorine interacts with organic material such as plant tissues. Numerous other
sanitizers including ozone have been examined for use on fresh produce (Koseki
et al., 2001), electrolyzed water (Kim et al., 2003), hydrogen peroxide (Lin et al.,
2002), lactic acid (Lin et al., 2002), and chlorine dioxide (Han et al., 2000).
Under the conditions studied and commercial practices, sanitizing agents are
generally not able to reduce by more than 1 or 2 log10 CFU the levels of patho-
gens on fresh produce (Beuchat et al., 1998). Although other sanitizing agents
such as chlorine dioxide and ozonated water are available, chlorine remains the
chemical sanitizer most widely used by the produce industry.

The efficacy of sanitizers on fresh produce depends largely on the target
pathogen’s accessibility. That foodborne pathogens can infiltrate plant tissues is
of grave concern since microorganisms present within plants are protected from
the actions of surface decontamination practices. Escherichia coli O157:H7 has
been shown to localize preferentially on cut edges of lettuce leaves as opposed to
intact leaf surfaces (Takeuchi and Frank, 2000). Seo and Frank (1999) demon-
strated that cells of E. coli O157:H7 were able to penetrate the interior of cut
tissue, becoming entrapped 20-100 µm below the surface. Cells present at these
subsurface locations were protected from inactivation with chlorine (Burnett and
Beuchat, 2002).

The uptake of human pathogens by the root systems of growing crops has
also been investigated (Guo et al., 2002; Solomon et al., 2002; Wachtel et al.,
2002). The reported uptake of E. coli O157:H7 by the roots of growing lettuce
plants (Solomon et al., 2002; Wachtel et al., 2002) and Salmonella by hydro-
ponic tomato plants (Guo et al., 2002) has led to the hypothesis that foodborne
pathogens may exist as endophytes within growing plants. It is most likely that
internalized bacteria are protected from sanitation by virtue of their inaccessi-
bility.

Harvesting practices and equipment can have a significant impact on the
microbiology of fresh produce. Approximately 90 percent of fruits and vegeta-
bles are harvested by hand (USDA, 2001). Farm workers may transfer pathogens
from their hands to the crop or from crop to crop during the harvesting process.
The tools used for harvesting (e.g., knives and machetes) and containers used for
storage and transport (bins, buckets, and trailers) should be properly washed and

Copyright © National Academy of Sciences. All rights reserved.

Food Safety and Foodborne Disease Surveillance Systems:  Proceedings of an Iranian-American Workshop
http://www.nap.edu/catalog/11526.html

http://www.nap.edu/catalog/11526.html


10 FOOD SAFETY AND FOODBORNE DISEASE SURVEILLANCE SYSTEMS

sanitized; however, reports indicate that washing and sanitizing, respectively,
are done only about 75 percent and 30 percent of the time (USDA, 2001).

A relatively new segment of the produce industry, “Fresh Cut,” has emerged
in the last 15 years in the United States. Fresh-cut products have been physically
altered from the original form, but remain in a fresh state. Products include, for
example, salad mixes, sliced or diced tomatoes, and papaya halves. Some pro-
cessors have moved the early stages of processing lettuce to the field. For exam-
ple, heads of lettuce are cut at their stems, exterior leaves and core are removed,
and the heads are immersed in wash water containing up to 200 ppm chlorine.
The lettuce heads are then loaded by conveyor belt into bins lined with a plastic
bag and cooled within two hours. There is concern that bringing processing onto
the farm could increase the likelihood for microbial contamination.

The USDA and the FDA have developed guidelines to minimize foodborne
illness associated with fresh produce consumption (http://vmcfsan.fda.gov/~dms,
http://www.foodsafety.gov/~dms/prodplan.html). These guidelines include the
implementation of Good Agricultural Practices (GAPs), Good Manufacturing
Practices (GMPs), and HACCP systems. GAPs encompass irrigation water qual-
ity, manure handling, equipment cleaning, and worker education. Other areas
being addressed focus on increased communication among growers, packers,
and consumers, and increased support of research relevant to fresh produce.

Microbial food safety issues with fresh fruits and vegetables will likely
always exist since the products are consumed raw; however, contamination can
be minimized through comprehensive control strategies from the farm to the
table. GAPs must be coupled with GMP and HACCP programs at the post-
harvest stage to limit contamination of a product with foodborne pathogens.
Such control practices must be implemented not only in the United States but
also in countries from which the fresh produce has been imported.

Safety of the food supply throughout the world is a major concern as new
pathogens emerge and known pathogens reemerge. The foodborne pathogens E.
coli O157:H7 and Shigella present significant problems for the food industry and
the consumer in part because of their ability to survive under a broad range of
conditions. Although these pathogens traditionally have been linked to animal
products (eggs, poultry, beef, and dairy products), more recent outbreaks have
been associated with water (well and municipal), produce, and processed foods
that likely were cross-contaminated. Characterization of these target pathogens
has also demonstrated that they are often resistant to one or more antibiotics
(Aarestrup and Wegener 1999; Bower and Daeschel, 1999; Bryan et al., 2004).

Transmission of pathogens to food occurs at various levels: in the field;
during harvesting, processing, and shipping; or in the home. Routes of contami-
nation include water used to irrigate fields, contaminated feed, colonized ani-
mals, cross-contamination from fecal matter, the use of improperly composted
manure, improper sanitation of processing equipment, and human handling
(Beuchat and Ryu, 1997; Wang et al., 1996). Methods employed to enhance the
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safety of food along the production and processing path should focus not just on
slowing or preventing the growth of pathogens but also on eliminating them.
Such methods include the use of antibiotics on the farm, sanitizers in the pro-
cessing plant to prevent cross-contamination, the use of preservatives in foods to
prevent and retard growth, and various processes, including pasteurization, to
eliminate pathogens.

Antibiotics are used in plant and fruit production for disease control and in
animal agriculture for therapy, prophylaxis, and growth promotion (Gustafson
and Bowen, 1997). A wide range of antibiotics is used (-lactams, sulfonamides,
and macrolides) in animal agriculture and, depending on the type of animal
(dairy cattle, beef cattle, sheep, poultry, or fish), the target may be treated indi-
vidually or as a group (herd or flock). Reports indicate that a greater percentage
of E. coli O157:H7 and Shigella isolates and other pathogens are antibiotic resis-
tant today compared with 10 to 15 years ago (Sahm et al., 2001; Tollefson and
Miller, 2000; Van den Bogaard and Stobberingh, 1999), with many strains ex-
hibiting multiple antibiotic resistance (Kim et al., 1994; Mevius et al., 1999).

Antibiotic use on the farm has come under increased scrutiny in light of an
increase in the emergence of antibiotic-resistant pathogens. Broad-spectrum an-
tibiotics are typically used for livestock at subtherapeutic levels to promote feed
efficiency and growth as well as to control disease (Gustafson and Bowen, 1997).
An increase in pathogens resistant to antimicrobials, including E. coli O157:H7
and Shigella, may contribute to the higher prevalence of such resistant bacteria
in commensal flora and vice versa. Widespread use of antimicrobials in com-
mercial farming may result in the release of antimicrobial agents into the envi-
ronment, subsequently causing the emergence of resistant commensal bacteria.
Antibiotics excreted by farm animals or incorporated into feed or drinking water
can ultimately be dispersed into the environment through the fertilization and
irrigation of fields. Often farm wastes (manure, bedding, and feed) are collected
in lagoons and pit systems and spread or sprayed onto fields. A range of micro-
organisms—including Staphylococcus aureus, nongroupable streptococci, enter-
obacter, enterococci, and E. coli—isolated from farm workers were significantly
more resistant to antibiotics than when isolated from other individuals (Aubry-
Damon et al., 2004).

Resistant bacteria present on food crops intended for human consumption
may prove to be a major route of infection. Enterobacteriaceae are not only
found in abundance in the environment but are pathogens and commensals of the
human gastrointestinal tract. A Finnish study investigated the potential for raw
vegetables to serve as a source of resistant strains of Enterobacteriaceae (Oster-
blad et al., 1999). The researchers concluded that bacteria from vegetables were
not responsible for the high prevalence of resistant Enterobacteriaceae in fecal
flora in Finland.

Transfer of antibiotic-resistant determinants may occur in vivo between en-
teric microorganisms. Gene transfer between pathogens is not a new concern and
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has been reported in both humans and animals. Interspecies gene transfer in vivo
occurred in association with an outbreak of shigellosis in 1983 (Tauxe et al.,
1989). The Shigella isolate associated with this outbreak carried a plasmid that
encoded resistance to ampicillin, carbenicillin, streptomycin, sulfisoxazole, tet-
racycline, and trimethoprim/sulfamethoxazole; this was identical to the antimi-
crobial resistance of an E. coli isolated from a case patient’s urinary tract infec-
tion that had occurred prior to the onset of shigellosis. Others have investigated
the potential for transfer of an apramycin-resistant plasmid from E. coli to S.
typhimurium in calves (Hunter et al., 1992).

E. coli O157:H7 strains initially associated with human illness were suscep-
tible to most antibiotics used against Gram-negative pathogens. During the last
two decades the antibiotic susceptibility profile of E. coli O157:H7 has changed
drastically. Only 2 of 200 strains of E. coli O157:H7 collected by the CDC
between 1983 and 1985 were resistant to antibiotics (Bopp et al., 1987). Subse-
quent screening of 125 E. coli O157:H7 (n = 118) and O157:NM (n = 7) re-
vealed that 24 percent were resistant to at least one antibiotic and 19 percent
were resistant to three or more antibiotics (Meng et. al., 1998). In a longitudinal
study of beef cattle feedlots, E. coli O157:H7 isolates were resistant to six of the
eight antibiotics that are used to treat E. coli infections in food animals (Galland
et. al., 2001). Perhaps surprisingly, less than one-half of the isolates were resis-
tant to tetracycline, one of the most extensively used antibiotics on feedlots.
Compared with other foodborne pathogens or with other E. coli isolates, the
level of antibiotic resistance of E. coli O157:H7 is generally low and basically
limited to tetracycline, streptomycin, and sulfamethoxazole.

Shigella, although associated with foodborne illness, accounts for only a
fraction of the total cases of foodborne illnesses that occur in the United States
(Mead et al., 1999; Shiferaw et al., 2004). A large outbreak in 1987 was likely
the result of transmission by food, water, and person to person (Wharton et al.,
1990). The outbreak strain was resistant to ampicillin, tetracycline, and trimetho-
prim-sulfamethoxazole.

Contamination of crops with Shigella through application of contaminated
manure to fields or contaminated irrigation water may occur. Fresh raw agricul-
tural ingredients associated with prepared foods are also often implicated as the
source of Shigella (CDC, 1999). In 2000 a nationwide outbreak of shigellosis
involving 406 persons was traced to a commercially prepared five-layer dip
(Kimura et al., 2004). The outbreak was probably the result of a food handler
shedding the pathogen since the guacamole and salsa used were also sold as
stand-alone products, and in that context were not linked to illnesses.

The potential for the spread of antibiotic-resistant Shigella from one country
to another should not be ignored. A recent study from South Asia indicates that
all Shigella isolates evaluated were resistant to ampicillin, tetracycline, nalidixic
acid, and ciprofloxacin (Bhattacharya et al., 2003). Perhaps most alarming is that
small outbreaks of shigellosis due to ciprofloxacin-resistant strains have been
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detected (Bhattacharya et al., 2003). These reports underscore the potential role
that food handlers and agricultural production practices in one country may have
on the occurrence of Shigella that are multiply resistant to antimicrobials in
countries with which they trade. Indeed, a recent study conducted in Karaj, Iran,
indicated that approximately 91 percent and 88 percent, respectively, of Shigella
isolates were resistant to one or more antimicrobial agents and 88 percent were
multidrug resistant (MoezArdalan et al., 2003).

The issue of vancomycin-resistant Enterococcus faecium (VREF) is worri-
some. Reservoirs for VREF include food and other sources, such as cattle, swine,
poultry, minced pork or beef, and pet food. The concern stems from the use of
streptogramin antibiotics as growth promoters and therapeutic agents in farm
animals, and the use of streptogramins to treat patients with VREF infections.
Streptogramin-resistant organisms are now common in the food supply, although
factors associated with foodborne transmission need to be clarified (McDonald
et al., 2001). Sampling of chicken carcasses revealed that 237 of 407 carcasses
were positive for streptogramins-resistant E. faecium (McDonald et al., 2001).
Risk modeling recently suggested that banning the use of virginiamycin in chick-
ens would have little impact on human morbidity and mortality (Cox and Pop-
ken, 2004). However, carriage of resistance by commensal bacteria and transfer
of resistance is unpredictable; therefore the effects of agricultural use of antibiot-
ics on human health remains uncertain (Smith et al., 2005).

The continued safety of the U.S. food supply requires a proactive approach.
Science-based means must be used to establish food safety guidance and regula-
tions. Greater funding must be made available to support needed research and
the development of expert panels to aid in establishing food safety objectives.
Food safety objectives may focus on anything from the use of antibiotics in
agriculture to distribution of resources by public health organizations. Since there
is no all-encompassing solution to foodborne disease, establishing objectives
will permit the allocation of limited resources that have the greatest impact on
food safety. Human foodborne disease surveillance systems, use of microbiolog-
ical risk assessment, and statistical process control are scientific tools that regu-
lators can use when developing compliance with regulations. Programs such as
GAPs, GMPs, and HACCP must be further developed to prevent contamination
of food during its journey from the farm to the table.

International coordination is required to develop effective food safety mea-
sures. In a global society and marketplace it is possible for people, food, and
pathogens to circle the world in a single day. To combat the spread of pathogens,
greater consumer participation is required. For example, practicing personal hy-
giene (e.g., hand washing) and proper food handling will reduce the spread of
foodborne pathogens and help to control or kill pathogens in foods prior to
consumption (i.e., cook the food thoroughly in order to kill potentially harmful
bacteria). Food safety will be realized through the melding of science and com-
mon sense, ultimately protecting consumers throughout the world.
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Overview of Safety Issues in Iran for
Food Derived from Animals or Plants

Dr. M. R. Akbarian
HACCP Food Safety Consultant, Iran Veterinary Organization

Food security (sufficient and safe food for all individuals) has become a top
priority because of the world’s growing population and its limited resources.
According to such international organizations as the United Nations’ Food and
Agriculture Organization (FAO) and the World Health Organization (WHO), the
situation is considered problematic when nearly 25 percent of produced food is
destroyed by spoilage, especially degradation by microbial agents, and fails to
reach consumers. Apart from safety aspects, spoilage imposes severe economic
burdens on many countries and producers.

Another aspect concerns the increase in urban populations and decline of
rural communities. This development has caused fundamental changes in food
consumption patterns, food processing, and even food hazards. Not so long ago,
the most important etiological agents of disease from contaminated foods were
bacteria, parasites, and viruses. These agents still play major roles in causing
consumer health problems, but new hazards—such as veterinary drug residues,
pesticides, chemicals like heavy metals, and other environmental contaminants—
are as important as the biological factors.

According to WHO and FAO studies and reports, illness due to contaminat-
ed food is one of the world’s most widespread health problems and an important
factor in reduced economic productivity, especially in developing and underde-
veloped countries.

When we define food security, it is for all people, at all times. We say that
there should be access to sufficient, safe, and nutritious food to meet dietary
needs and satisfy food preferences for an active and healthy life. Actually, this
makes food safety a basic human right. It must, therefore, be given a higher
priority by all governments.
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Currently, millions of people worldwide are suffering from diseases caused
by contaminated food, which inflicts heavy social and economic burdens. The
incidence and types of foodborne disease differ in different parts of the world. In
developed countries many such diseases do not exist at all or have been largely
prevented by food safety education, higher standards of hygiene, improved water
supplies and sanitation, and better technologies for producing safe food. Never-
theless, significant portions of the population in industrial countries are affected
by foodborne diseases despite the demanding standards and advanced measures.

As mentioned above, food safety is viewed as an essential public health
issue of increasing importance. Therefore, for the well-being of society all gov-
ernmental and nongovernmental agencies should assume responsibility for the
production of safe food.

FOOD SAFETY SYSTEM IN IRAN

Food production, processing, marketing, and distribution systems in Iran are
complex. They also are fragmented and involve a large number of intermediaries
between the producer and the consumer. From producing and processing points
of view we have in Iran both traditional means and industrial methods; the dif-
ferences between these two raise problems when trying to apply the new con-
cepts of food safety.

Responsibility for food safety is shared by Iran’s government, industries,
and consumers. At the government level three ministries provide consumer pro-
tection: the Ministry of Health and Medical Education, the Ministry of Jihad-e-
Agriculture, and the Ministry of Industry. For all three there are legislative acts
delineating their responsibilities.

Here I will mention only the safety issues concerning foods of animal origin
for which the IVO (Iran Veterinary Organization) is responsible. The IVO works
under the auspices of the Ministry of Jihad-e-Agriculture, and the basic law for
its duties is the Veterinary Organization Act ratified on June 14, 1971. This act
includes 21 articles and 1 amendment. The purposes of establishing this organi-
zation were to provide for the good health of animals, for safe products of animal
origin, and to prevent and control animal diseases and zoonoses. The IVO has
several basic principles with which it seeks to attain these goals, achieve opti-
mum consumer protection, and ensure food safety.

INTEGRATED FARM-TO-TABLE CONCEPT

To achieve optimum consumer protection, it is essential that safety be em-
bodied in food products from production through consumption. This calls for an
integrated farm-to-table approach in which the producer, processor, transporter,
vendor, and consumer all play vital roles.

To ensure adequate consumer protection and to effectively control, reduce,
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or minimize food safety risks, a preventive approach was developed and appro-
priate preventive measures were introduced into all stages from farm to table.
Prevention, control at the source, and identification of unsuitable products at an
early stage make better scientific and economic sense compared to the traditional
approach to food control, which relied mainly on final product inspection and
testing.

The IVO started these new activities a decade ago and based them on the
principles of good animal husbandry practices, animal biosecurity measures,
good hygiene practices for animal farms, and application of good hygiene prac-
tices (GHPs) and Hazard Analysis and Critical Control Point (HACCP) regula-
tions to the production of raw foods of animal origin. All this was done in
conformity with World Organization for Animal Health (OIE), Codex Alimenta-
rius, and European Commission guidelines. At the moment, this new approach
to food safety is being applied comprehensively to fishery products. In 1998 Iran
was placed on the list of countries approved for exporting fish and fishery prod-
ucts to European nations. For other raw foods of animal origin, such as meat,
poultry products, and milk, the IVO started this new approach to food safety four
years ago. Currently, prerequisite HACCP programs are applied in all slaughter
houses and at all processing and packaging sites. In the near future these activi-
ties will introduce full HACCP systems to these sites.

In brief, the important activities performed by the IVO are:

• Hygienic control of the infrastructure and site aspects of animal farms
and aquaculture centers.

• Hygienic control of live animals at farms and screening to control or
eradicate major diseases according to OIE guidelines.

• Monitoring of veterinary drug residues and supervision of the use of
these drugs to prevent unauthorized applications and bar unauthorized materi-
als. The IVO also supervises the interval between medication withdrawal and
slaughter.

• Hygienic control of establishments producing animal feed in terms of
infrastructure, site, and application of good manufacturing practice (GMP) and
GHP principles.

• Safety and hygienic control of animal feed with respect to biological,
chemical, and physical hazards in order to prevent these hazards from impacting
consumers.

• Supervision and hygienic control of the means for transporting animals
and animal products in order to prevent illegal traffic. The IVO has also installed
quarantine check-points across the country and at the borders.

• Hygienic control and supervision of slaughter houses, processing sites,
and packaging establishments for raw animal products. The IVO has placed
health inspectors in these establishments to monitor all stages of production and
processing.
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• All these establishments must be designed and built according to GMP
and GHP prescriptions; HACCP systems have been fully implemented for fish-
ery products to protect consumers against hazards.

• Hygienic control and supervision of food of animal origin at retail
markets.

• Conducting of regular training courses for IVO inspectors and related
personnel, especially in HACCP, GMP, GHP, and auditing skills.

• Application of quality assurance systems, such as ISO 17025, in labora-
tories that test raw foods of animal origin as well as the establishment of a
reference laboratory to control veterinary drug residues, heavy metals, and other
contaminants in animal products.

• Participation in international meetings, such as the Codex Alimentarius
committees.

• Cooperation with the FAO, with this organization providing technical
and logistical support for a project to control veterinary drug residues in food of
animal origin.
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The Role of the Institute of
Standards and Industrial Research

of Iran in Food Safety

M. H. Sh. Hassanpour
Head of Food Department, Institute of Standards and

Industrial Research of Iran

The concept of food standards in Iran is historic, as old documents attest.
One document published about two centuries ago as Makhzan-O-L Advieh, writ-
ten by Mohammad Hossein Aghili Khorasani, offers recommendations to those
who purchase spices and condiments. What are called jayyed mokhtar or best
characteristics can be translated as standards today. On the other hand, the Holy
Koran emphasizes that Moslems ought to choose or avoid certain foods and
divides all foods into halal (permitted for use) and haram (not permitted). This
was the first food rule or set of food standards for Moslems.

Food safety and food quality terminology may sometimes be confusing.
Food safety is concerned with all aspects, whether immediate or long-term, that
may make food unsafe for the consumer. Therefore, safe foods or foodstuffs
contain nothing that is hazardous or injurious. Food quality includes all other
attributes that influence a product’s value. This includes such negative attributes
as spoilage, contamination with nontoxic and noninfectious filth, discoloration,
and odors and such positive attributes as freshness, appetizing color and flavor,
pleasing texture, and favorable origins, as well as the results of processing meth-
ods that make food more edible. This distinction between safety and quality has
implications for public policy and influences the nature and content of the food
control system suited to meet predetermined national objectives. Therefore, food
control is defined as follows:

A mandatory regulatory activity of enforcement by national or local authorities
to provide consumer protection and ensure that all foods during production,
handling, storage, processing, and distribution are safe, wholesome, and fit for
human consumption; that they conform to quality and safety requirements; and
that they are honestly and accurately labeled as prescribed by law.
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ELEMENTS OF FOOD SAFETY

While the components and priorities of food safety may vary from country
to country, most systems will typically comprise the following components:

• Food laws and regulations;
• Food control management;
• Inspection, surveillance, and sampling;
• Laboratory services for food monitoring and epidemiological data; and
• Information, education, communication, and training.

FOOD SAFETY IN IRAN

Responsibility of food control in Iran, like most other countries, is shared by
different ministries and agencies. These include:

• Ministry of Health, Treatment, and Medical Education;
• Institute of Standards and Industrial Research of Iran (ISIRI); and
• Ministry of Jihad-e-Agriculture (the previous Ministry of Agriculture).

THE ROLE OF THE ISIRI

According to Iranian law, the ISIRI has the sole authority for the determina-
tion, compilation, and publication of all official national standards in Iran. It is
also the only authorized body for supervising the implementation of standards
and regulations and directing research in related fields; however, pharmaceutical
standards and supervision of their implementation is the duty of the Ministry of
Health.

PREPARATION OF NATIONAL STANDARDS

The ISIRI has issued more than 7000 national standards in all areas of
industry, over 2000 of which (28 percent) are for food products. For preparing
food standards and regulations at the national level, the technical committees try
to apply international standards (ISO), Codex Alimentarius, national data, and
standards of other countries (especially when safety parameters have to be adapt-
ed to national values and local considerations).

Technical committees cover all authorized agencies, including nongovern-
mental organizations, academic groups, the private sector, manufacturers, and
consumer protection associations. These food standards (2000 standards) are
classified into the following three groups: (1) specifications, (2) test methods,
and (3) codes of hygienic practice.

All food standards include the following quality and safety factors: physical,
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chemical, and microbiological specifications; contaminants (e.g., heavy metals);
toxins such as mycotoxin; additives; packaging; labeling; and sampling.

IMPLEMENTATION OF NATIONAL STANDARDS

With approval of the Supreme Council of Standards, the ISIRI may declare
the implementation of standards for goods (or components) and codes of practice
as compulsory standards in regard to safety, public health protection, product
quality assurance, consumer protection, and other welfare or economic consider-
ations. The ISIRI may determine the time limits for implementation, which must
be at least three months. More than 100 items in the food standards are compul-
sory. These cover all domestic food production and imported and exported foods.

Whenever the implementation of standards is declared compulsory for cer-
tain goods, within determined time limits, production, storage, distribution, and
sale of such goods that have a lower quality than the standard and are not
branded with the ISIRI mark are forbidden. The infringer may be sent to appli-
cable courts. The ISIRI is responsible for implementation of compulsory na-
tional standards.

To receive the ISIRI mark for meeting compulsory standards, all producers
must establish acceptable good manufacturing practice (GMP) and quality
monitor systems and be found at least three times to conform fully with the
quality specifications adopted for a commodity and also to the related national
standards.

INSPECTION

The administration of food laws and their implementation requires a quali-
fied, trained, efficient, and honest food inspection service. This service has an
important role in food safety and ensures consumer confidence in imported and
exported foods and in the ISIRI mark, which indicates adequate quality for do-
mestic foods.

ISIRI inspectors and experts are authorized to enter production sites, as
well as sites of packaging, storage, supply, sale of goods, and rendering
service sites—all places covered by compulsory standards—in order to in-
spect and take samples.

LABORATORY SERVICES

Laboratories are essential components of a food control system. The estab-
lishment of laboratories requires considerable investment for they are expensive
to maintain and operate. Therefore, careful planning is necessary to achieve
optimum results.

ISIRI laboratories are recognized as nationally accredited labs for the deter-
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mination of product characteristics, for adherence to relevant standards, and for
the calibration of measuring instruments.

The ISIRI has 28 branches throughout the country. These execute ISIRI
objectives and policies and protect consumers. They have adequate facilities for
physical, microbiological, and chemical analyses and they use accredited labora-
tories for testing and monitoring. All methods that are used are verified and
based on certified references such as ISO, Codex Alimentarius, Association of
Analytic Communities International, and American Oil Chemists’ Society. To
improve laboratory performance and ensure the reliability, accuracy, and repeat-
ability of results, ISIRI laboratories participate in proficiency testing adminis-
tered by international assurance programs. This is especially important for myc-
otoxin analysis and microbiological determination.

INFORMATION, EDUCATION, COMMUNICATION, AND TRAINING

An increasingly important role for food control systems is the delivery of
information, education, and advice to all stakeholders across the farm-to-table
spectrum. Such activities provide an important means of building food control
expertise and skills in all interested parties, and thereby they have an essential
preventive function.

The ISIRI has a scheduled program for training of all stakeholders to im-
prove their knowledge of food safety. This program consists of training universi-
ty students and quality control officers in factories, giving television interviews,
publishing educational pamphlets, conducting classes in laboratory analysis, and
test result reporting.

NATIONAL STANDARDS FOR FOOD SAFETY MANAGEMENT

The shift in focus by quality control systems from finished products to a
food’s entire farm-to-table span has opened a new horizon for food control sys-
tems. In accordance with this new concept, international organizations designed
and recommended quality assurance (QA) systems such as food safety manage-
ment and Hazard Analysis and Critical Control Point (HACCP) to local and
national authorities in Iran.

The first national HACCP guideline and the first national GMP text were
prepared and published by the ISIRI. They were based on Codex Alimentarius,
1997, and were subsequently revised to conform to the latest Codex Alimentari-
us standards. Many codes of hygienic practice for different food commodities
were prepared in accordance with Codex Alimentarius, scientific evidence, and
national standards.

To promote QA systems (such as HACCP) in the country, an Iranian Na-
tional Committee for HACCP has been formed in the Ministry of Health. The
committee’s aims are the following:
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• promote QA systems for related agencies;
• encourage the producers to establish HACCP in their plants;
• coordinate such activities throughout the country;
• train and educate staff at different levels; and
• compile educational materials based on national standards and guide-

lines.

GLOBAL CONSIDERATIONS

The expanding world economy, food trade liberalization, growing consumer
demands, advances in food science and technology, improvements in transport
and communication, international trade in fresh and processed food, the increase
in food varieties, and the requirements of food safety all mandate a linking of
ministries and related agencies; this linking should be on both a national and an
international scale.

The Iranian Coordinating Council for Codex Alimentarius was established
in 1980 and reorganized according to a new plan in 1998. The council has a
section called Iranian National Codex (Alimentarius) Committee (NCC) that
covers 21 technical committees (TCs) that include all stakeholders. It is note-
worthy that ISIRI is the only contact point for the World Health Organization/
Food and Agriculture Organization Codex Alimentarius Commission in Iran.
The main goals of NCC are as follows:

• Participate in the preparation of international standards by considering
them national priorities and opportunities;

• Participate actively in Codex Alimentarius meetings;
• Elevate the level of national standards by basing them on international

levels, especially in safety and health requirements; and
• Combine scientific and technical information for informing producers,

consumers, and all stakeholders.

The ISIRI is also a member of the ISO and has established a national TC34
counterpart committee so that authorized local organizations and stakeholders
can participate in ISO activities.

CONCLUSION

Since food safety is pivotal to health and development, it is mandatory to
coordinate all activities at the national level.

Considering the national situation in Iran, all authorized organizations and
agencies must carry out their duties in accordance with the law and forward all
data to designated departments for proper management of the information.
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Considering the importance of food safety management systems, such as
HACCP, it is necessary to expand the establishment of such systems throughout
the country.

In food safety fields promotion of public awareness is very important and it
should be developed by organizing special programs that will involve all related
organizations.
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Discussion

Dr. Mohammadreza Razailashkajani
Research Center for Gastroenterology and Liver Disease

Shaheed Beheshti University of Medical Sciences

Panel:
Dr. Jackson, Dr. Matthews, Dr. Montes Niño, and Dr. Jamdar

Dr. Jackson first challenged the audience with the question, “What is food
safety?” He asked the question in relation to the immune status of a population.
Vibrio in seafood became a focus of the discussion. A scientist from the Pasteur
Institute of Iran pointed to the role of food transportation as a cause of Vibrio
contamination. He also mentioned anaerobic bacteria as important contaminants
of seafood in Iran.

Another challenge came from Dr. Matthews. It concerned the routes by
which Salmonella may contaminate vegetables and fresh produce. He explained
the role of irrigation water, manure, and the low level of hygiene among farm
workers in contributing to the problem of contaminated produce imported into
the United States.

Enterococcus faecalis resistance to vancomycin and the ways Staphylococ-
cus aureus could contaminate food were the next topics. Dr. Salmanzadeh, a
microbiologist from the Research Center for Gastroenterology and Liver Dis-
ease, raised a question about the methods used in the United States to estimate
incidence of Shiga-toxin-producing Escherichia coli.

The safety of food produced using bioengineering and the ways of imple-
menting food safety measures in the United States were the next topics. Dr.
Matthews answered the final questions, which addressed the role of chlorine as a
disinfectant in slaughterhouses, future alternatives, and the ways that the govern-
ment of the United States controls imported foods.
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Surveillance for Foodborne and Diarrheal Diseases, Including Outbreak Investi-
gations: An American Perspective

Foodborne Disease Investigations Including Surveillance: A Collaborative Pilot
Project

Discussion

Day 1

Afternoon Session
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Surveillance for Foodborne and Diarrheal
Diseases, Including Outbreak

Investigations: An American Perspective

William E. Keene, Ph.D., M.P.H.
Senior Epidemiologist, Acute and Communicable Disease Program,

Oregon Public Health Services

CASE STUDIES

Case studies of three important foodborne disease outbreaks are presented to
illustrate how disease surveillance works in the United States and the evolution
of outbreak investigative methods. These outbreaks can be reviewed in detail in
the original literature (see also Barrett et al., 1994; Bell et al., 1994; CDC, 2004;
Cody et al., 1999; Griffin et al., 1994).

Outbreak 1 was the 1992-1993 Jack-in-the-Box outbreak of Escherichia coli
O157:H7 infections that affected several western states. The outbreak was caused
by widespread undercooking of contaminated frozen ground beef hamburger
patties at many outlets of the Jack-in-the-Box fast food chain. Although infec-
tions from this source began to appear in California and Nevada as early as
November 1992, the outbreak was not detected until it reached Washington state
in late December. At that time only Washington state was conducting routine
surveillance for these infections. In California and Nevada, in contrast, the infec-
tion was not reportable, and few laboratories ever used the special media needed
to identify the pathogen. Physicians and the general public there were largely
unaware of this pathogen; in the absence of recognized outbreaks, there was no
publicity and no public education. This outbreak was a landmark event in mod-
ern epidemiological history. It had an enormous effect on the public’s perception
of the problem of foodborne illness. The political ripples from this event contin-
ue to this day. We can quite reasonably talk about foodborne disease epidemiol-
ogy in the United States before and after Jack-in-the-Box. The outbreak illus-
trates how large outbreaks with many hospitalizations and even fatalities can
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easily escape notice, investigation, and control in the absence of routine disease
surveillance.

Outbreak 2, which occurred in 1997, involved E. coli O157:H7-contaminat-
ed, unpasteurized commercial Odwalla-brand apple juice. Advances in molecu-
lar subtyping of this organism and integration of laboratory subtyping with rou-
tine surveillance data made it easy (at least in Washington state) to identify this
outbreak. Once the outbreak was identified, the source was quickly identified
through traditional case interviews and a case-control study. The outbreak led to
changes in the way fresh juices were labeled and processed.

Outbreak 3, of Salmonella Enteriditis infections linked to consumption of
raw almonds in the United States and Canada, was first identified and investigat-
ed in May 2004. But in retrospect, cases may have occurred as early as 2002.
The outbreak led to changes in almond processing by industry, which is moving
toward a ban on the sale of untreated almonds (i.e., raw almonds or those not
processed in a way that would kill pathogens).

INTRODUCTION TO DISEASE SURVEILLANCE

Public health epidemiology has a number of goals. One is to monitor the
health status of the population (e.g., indexes of morbidity and mortality) as well
as the contributors to that health status (e.g., access to medical care, level of
personal hygiene, and food consumption histories). Another is to manage health
crises as they occur, including the investigation and control of disease outbreaks
and the emergence of new pathogens (e.g., SARS, avian influenza, and bovine
spongiform encephalopathy). Public health epidemiologists are also charged with
providing and interpreting available scientific information to help inform public
policy decisions.

In this context, disease surveillance plays a major role. Surveillance was
famously defined by Langmuir (1963) as the “ongoing systematic collection,
collation, analysis, and interpretation of data; and the dissemination of informa-
tion to those who need to know in order that action be taken.” Surveillance
activities involve the collection of raw data, the “cleaning” (correction and stan-
dardization) of those data, and the organization and analysis of those data. It is
axiomatic in modern public health practice that data are collected in order to be
used, and in order to be used they must be disseminated to relevant parties,
which may include the medical and academic communities, other public health
agencies (domestic or international), policy makers in both public and private
sectors, and the general public.

In the United States, communicable disease epidemiology and disease sur-
veillance practices are largely set by state government agencies, not by the feder-
al government. The federal government is a significant source of funding for
state programs, and it is a source of logistic and technical support for state
agencies, but has surprisingly little authority to investigate disease outbreaks or
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take control measures directly. Rather, individual states determine which diseas-
es must be reported, and the procedures by which such reporting will be done.
As a result, while the approach is broadly similar in most states, there are consid-
erable variations in public health practice from jurisdiction to jurisdiction. In
addition to legal differences, public health agencies vary considerably in fund-
ing, staffing levels, and degrees of experience and expertise, and these differenc-
es result in different capacities.

Reporting practices in the state of Oregon (a relatively large but sparsely
populated state on the Pacific coast, with 3.5 million people spread over 250,000
km2) are fairly typical of many states. By law the state public health agency
specifies a list of diseases and conditions that must be reported by both physi-
cians and laboratories.1  (Bear in mind that—in the United States—medical care
is almost entirely in the private sector.) These lists are distributed to laboratories
and clinicians on printed posters, in newsletter reminders, through website post-
ings, and other media. Most notifiable conditions are specifically named infec-
tions or defined conditions (e.g., salmonellosis, campylobacteriosis, listeriosis,
hepatitis A, meningococcal infection, and lead poisoning). There are also several
catch-all categories, including any suspected common-source outbreak (e.g.,
multiple people in a group with acute gastroenteritis) or any unusual disease of
potential public health significance (e.g., imported exotic diseases such as SARS
or avian influenza). Both laboratory-confirmed and suspect or presumptive diag-
noses are reportable. As a practical matter, although reporting requirements ap-
ply both to physicians and to laboratories,2  in practice most clinicians are not
very compliant with reporting laws. The vast majority of reports originate in
laboratories. Periodic audits of private laboratories in Oregon indicate that this
reporting is reasonably complete (95-100 percent for specified conditions). Of
course, the nonspecific conditions (e.g., outbreaks) are aimed at non-laboratory-
confirmed cases, so they would have to originate from clinicians, as would pre-
sumptively diagnosed cases. Physician reporting of these conditions is relatively
incomplete.

ABOUT FOODBORNE DISEASE

Foodborne disease is surprisingly difficult to define, and some reports may
have little if anything to do with food, or with transmission by food. The specif-
ic route of transmission for most cases of reported enteric illness is unknown,
and the proportion that is transmitted by contaminated food is difficult to esti-
mate with precision. “Foodborne” is often used casually to cover almost any

1In the United States, the great majority of medical care and diagnostic laboratory work is done in
the private sector. Reporting laws apply equally to the private and public sectors.

2Such that, at least in theory, cases diagnosed based on a specific lab test should be reported twice.
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enteric disease, notwithstanding that many illnesses transmitted by food are not
gastrointestinal (GI), and that many GI illnesses can have routes other than
food, including waterborne, person-to-person, and direct animal-to-person trans-
mission.

Foodborne and diarrheal diseases can be caused by a wide range of bacteri-
al, viral, and parasitic agents. The incidence of these illnesses varies consider-
ably around the world, reflecting differing practices in agriculture and animal
husbandry, food processing, consumer behaviors, diet, local and regional ecolo-
gy, and many other factors.

PROCESSING DISEASE REPORTS

The legal requirements and mechanisms for reporting potential foodborne
diseases are completely merged with reporting laws for all communicable dis-
eases. All reports for all diseases funnel through the same public health agen-
cies. Depending on the size of those agencies, however, different people may be
responsible for tracking different diseases. In Oregon, for example, communi-
cable disease epidemiology is divided into three main groups: HIV and other
sexually transmitted diseases, tuberculosis control, and everything else (which
includes foodborne and diarrheal disease, hepatitis, rabies, meningitis, zoonotic
diseases, and hospital infections).

Again referring to Oregon practices, individual case reports stream in pri-
marily from private laboratories and occasionally from private physicians. By
law, reports must be made within one day of a laboratory turning out the relevant
result—and, while not perfect, most reporting is indeed quite rapid (within a day
or two).3  For most common diseases, case reports result in some type of investi-
gation, initially conducted by local health department nurses or environmental
health specialists.4  Following disease-specific investigative guidelines developed
by state epidemiologists, an attempt is made to interview patients (or their par-
ents or other proxy) and collect a variety of demographic, clinical, and epidemi-
ological data using standardized, disease-specific forms. These guidelines and
forms, as well as other information about reporting practices in Oregon, are
available on our department’s webpage (http://www.dhs.state.or.us/publichealth/
acd/disrpt.cfm#forms).

Cases include questions about a variety of recognized risk factors for most
infections. Persons with nontyphoidal salmonellosis, for example, are asked about

3Pilot projects are under way to allow “instant” electronic reporting directly from major private
laboratories, but this is proving a complicated and very expensive proposition.

4Local (county) health departments are the frontline public health agencies in Oregon and most
states. Oregon’s 35 counties range in population from < 2,000 to 675,000, and the local health
departments vary correspondingly in size and sophistication.
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consumption of meat and poultry, eggs, unpasteurized milk and cheese, and
sprouts; meals away from home; contact with reptiles (unfortunately, rather pop-
ular pets in the United States and a regular source of these infections); other pets,
livestock, sick and incontinent people; and recent travel. The time period of
interest for these questions corresponds to the likely exposure period, which is
derived from the patient’s date of onset and the pathogen’s typical incubation
period. Thus, cases with E. coli O157:H7-infected patients might be asked about
the period from 1 to 10 days before onset (with emphasis on 2 to 6 days), while
salmonellosis cases would consider the 1 to 5 days before onset. A “yes” answer
to one or more question does not, of course, confirm the source of infection.
Most individuals report multiple potential sources—and no doubt forget or ne-
glect to mention other possibilities. In the short term these responses are used to
help frame various health education messages (e.g., about the risks of pet reptiles
or the importance of good hand-washing behavior). Exposure data are consid-
ered more systematically if suspicions of common-source outbreaks are raised.
These interviews are generally conducted by telephone. Local health department
staff generally find telephone numbers by contacting the patient’s physician,
who is named on the laboratory report. Most individuals are relatively easy to
contact, but there are exceptions, of course. Only a very small number of indi-
viduals refuse to cooperate with these interviews.

Case reports are forwarded (usually by fax, or increasingly, electronically)
from local health departments to the state public health department as soon as
interviews are concluded. This is typically within 2 to 3 days of the initial labo-
ratory report, and often within 24 hours. Even if the patient cannot be contacted,
a report is filed with as much information as possible (e.g., demographic infor-
mation obtained from the clinician).

Surveillance data are entered into a customized database at the state level.
The Oregon database currently includes case reports back through 1988—some
75,000 as of August 2005. State epidemiologists have immediate access to both
individual case reports and the ability to generate on-demand generic or ad hoc
summary reports (e.g., the number of reported cases of Salmonella serotype
Newport affecting males between the ages of 15 and 35 in counties X, Y, and Z
during each of the past 15 years). This information is critical to assessing what is
normal and what might constitute an aberration (e.g., an outbreak). To work
effectively, these data must flow quickly. For most enteric infections the lag
from first laboratory identification to local health department notification to in-
vestigation to report to state authorities is 2 to 4 days.

THE ROLE OF THE PUBLIC HEALTH LABORATORY

Communicable disease epidemiology requires partnerships with effective
public health laboratories (PHLs). Every state has a PHL, which by law is the
primary reference laboratory for public health-related microbiology, virology,
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and other areas. Public health laboratory staff and epidemiologists work together
closely. The capacities of these laboratories vary considerably, and they are sup-
plemented by formal and informal collaborations with neighboring state labora-
tories, as well as laboratories of the U.S. Centers for Disease Control and Pre-
vention (CDC).

In Oregon, diagnostic laboratories are required not only to report but also to
forward (at their own expense) isolates of specified pathogens5  to the PHL.
These specimens usually arrive within a few days of initial isolation. The identi-
ty of these pathogens is confirmed at the PHL, and many of the isolates are now
being subtyped by a combination of traditional and molecular methods.

Although rarely of any clinical importance (and hence not attempted by for-
profit private laboratories), subtyping is of critical importance for epidemiology.
For example, all Salmonella isolates are serotyped by the Kaufmann-White
scheme; all Shigella and Vibrio isolates are speciated. We currently use national-
ly standardized methods to subtype all isolates of E. coli O157, Salmonella, and
selected Shigella received by pulsed-field gel electrophoresis (PFGE). Subtyping
proceeds as quickly as staff time allows, with most results being available within
2 to 8 days of receipt. Laboratory subtyping data are added to the epidemiologi-
cal case database. Molecular subtyping data are also shared with other laborato-
ries around the country through CDC’s national PulseNet network (http://
www.cdc.gov/pulsenet/). States that do not get this kind of laboratory data, or
who cannot get it quickly, are rarely able to identify or solve the epidemiologic
puzzles that come along.

DATA LIMITATIONS

Official statistics only reflect numbers of reported cases, and they are an
incomplete and imperfect index of disease incidence. Many factors affect the
likelihood that an infection will be reported. Asymptomatically infected individ-
uals, for obvious reasons, are unlikely to be identified, as are symptomatic indi-
viduals who, for whatever reason (e.g., mild symptoms, lack of health insurance,
inconvenience), do not seek medical care. Even if they do see a physician, they
must be given an appropriate test (e.g., a stool culture) and they must test posi-
tive. Depending on the disease, probably only a minority—and for most enteric
illnesses, probably only a small minority—of infected persons are reported. The
numbers are not only reduced, but reported cases are a biased sample of infected
persons—biased to include those most likely to be tested or diagnosed (e.g.,
hospitalized individuals, others with more severe illness, very young children,
and those with better health insurance). Surveillance statistics must always be
interpreted with caution.

5Including all Salmonella, Shigella, E. coli O157, Vibrio, Yersinia, and Listeria isolates, to name
the potentially foodborne agents.
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ABOUT OUTBREAKS

Based on identified epidemiological connections to other cases, we infor-
mally classify enteric disease reports into one of three categories: sporadic,
household, or outbreak. Sporadic cases have no recognized epidemiological links
to any other cases. Household cases are linked to other illnesses within the same
household but not elsewhere. Outbreak cases are epidemiologically linked to
cases in other households. Thus, as few as two cases may be sufficient to define
an outbreak, given adequate epidemiological information.6  Cases are reclassi-
fied as new information becomes available.

While outbreak cases gather much of the attention and most of the publicity,
the great majority of enteric disease case reports are sporadic. For example,
although we have investigated more than 30 outbreaks of E. coli O157 infections
since 1990, totaling 430 reported cases, most cases reported since then—1110
(63 percent) of 1743 as of October 2004—are considered sporadic. Almost by
definition the causes of sporadic cases are unknown. Even in the aggregate (e.g.,
large and expensive FoodNet case-control studies), most analyses fail to explain
many new exposures of great importance.

We investigate outbreaks for a number of reasons, some of which are
obvious:

• To stop ongoing transmission (e.g., from a contaminated commercial
product that is still available in stores or in consumers’ homes);

• To facilitate diagnosis and proper treatment or prophylaxis in the setting
of a community outbreak;

• To identify risk factors for infection (e.g., consumption of unpasteurized
milk or alfalfa sprouts, or recent antibiotic use);

• To stimulate research (e.g., when outbreaks raise questions regarding
food microbiology or consumer behavior); or

• To provide the information necessary to develop sensible long-term pre-
vention strategies.

Outbreak investigations also provide important training opportunities for
public health workers and a chance to develop and test new investigative ap-
proaches. Even experienced staff need to keep in practice.

Outbreak cases and outbreak investigations have proven to be dispropor-
tionately important to public health practice (Keene, 1997). Given a successful
investigation, the specific sources of transmission can be identified, and risk
factors associated with pathogen amplification and transmission (e.g., food han-

6Larger outbreaks tend to get more attention than very small ones. Very small outbreaks (< four
cases) may get only a cursory review, depending on circumstances.
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dling practices or time or temperature abuse) can be confirmed. Given an identi-
fied exposure time, we can calculate incubation periods. Some outbreaks provide
useful natural experiments, which can provide insight into important data, such
as infectious dose or host risk factors for illness (e.g., immunocompetence, age,
or concurrent medication). Not least of all, outbreaks can provide an opportunity
for health education that is amplified through the private media. (In the United
States, for example, outbreaks often provide the only context for public health
representatives to have access to television news, which is privately controlled.)

Outbreak investigations typically begin with one of two scenarios. The most
common, which we can call “Type 1,” begin when a private citizen (or, less
often, a physician or infection control nurse) contacts the local health department
to report that “a bunch of people became sick” after some event (e.g., a wedding,
a shared restaurant meal) or that illness rates seem abnormally high at some
institution (e.g., a prison, school, camp, or nursing home). These clusters are
most commonly caused by Norwalk-like viruses (noroviruses), and less often by
other infections or intoxications (e.g., Clostridium perfringens, Bacillus cereus,
Staphylococcus aureus, or scombroid). Laboratory confirmation of an etiology
generally depends on public health resources, both for specimen collection and
for testing. Testing for Norwalk-like viruses—by far the most common cause of
identified outbreaks, and perhaps sporadic gastrointestinal illness as well—is
essentially unavailable in the private sector. Diagnosis (by polymerase chain
reaction) only occurs in public health labs, and often only in the case of out-
breaks.

The second category of outbreaks, which we can call “Type 2,” begin as
scattered routine surveillance reports of laboratory-confirmed cases (e.g., salmo-
nellosis, E. coli O157). It is usually not apparent to the patient (or the physician)
that these cases are part of a cluster. Instead, this becomes apparent only when
epidemiological and laboratory data are pooled over an extended area (multiple
counties, multiple states) and time period (days to months). For example, more
than one case with an uncommon Salmonella serotype or E. coli O157 PFGE
pattern might be reported within a short time period. These investigations may
begin slowly, but quickly become high-priority investigations, often involving
multiple epidemiologists and complicated liaisons with other public health agen-
cies inside and outside the state (e.g., other state health departments, CDC, and
state and federal regulatory agencies, such as the Food and Drug Administration
[FDA] or the U.S. Department of Agriculture).

Finding the source of outbreaks can be quite challenging, particularly if
states do not have enough cases locally to develop specific hypotheses regarding
possible sources. Many investigations are unsuccessful. Delayed reporting and a
failure to obtain clinical specimens, such as stool samples, are common prob-
lems. Coordination between agencies is sometimes excellent, and sometimes
poor—often more a matter of personalities and chance than we would like to
admit. The CDC often plays a useful role in coordinating efforts between states,
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and can provide technical assistance if needed. Sometimes the CDC is bogged
down in internal bureaucratic procedures and is more of a hindrance than a help.

Type 2 outbreaks demand regular and timely review of surveillance data. In
Oregon these lab data are monitored by epidemiology staff throughout the day.
Reporting totals must be interpreted in the context of historical norms. Outbreak
cases are sometimes first recognized as such following reports or inquiries from
public health agencies outside our state. We have almost daily contacts by e-mail
or telephone with our counterparts in neighboring states, and less often with
other epidemiologists around the country and in Canada. E-mail networks and
Listservs provide a fast, convenient way to query other public health agencies.
For example, someone might post an e-mail notice saying: “Our state seems to
be getting more than our usual number of Salmonella Braenderup’s over the past
few weeks. Are you seeing any in your state?” This kind of inquiry would then
prompt a comparative review of epidemiological and laboratory data, and poten-
tially we would join with the other state(s) to look for a source using common
questionnaires and methods. Once primarily done just by epidemiologists, nowa-
days these kinds of inquiries go from laboratory to laboratory, from laboratory to
epidemiologist, from epidemiologist to laboratory, as well as from epidemiolo-
gist to epidemiologist. Molecular subtyping data have become critical to these
efforts over the last five years in the United States.

OUTBREAK INVESTIGATIONS

While following certain general patterns, each outbreak investigations is
unique. In Oregon, local health agencies take the lead in the investigation and
control of most Type 1 outbreaks, which tend to be less complicated. Investiga-
tions typically involve both public health nursing staff and environmental health
specialists—the same people who conduct routine inspections of restaurants,
swimming pools, and child care establishments (among other duties). Different
places have a different array of licensing and regulatory agencies that cover
wholesale and retail establishments, including restaurants, food processing plants,
markets, bakeries, schools, hospitals, and nursing homes, and investigations de-
mand coordination between these agencies. Epidemiologists take the lead in
these investigations, which are usually collaborative efforts involving environ-
mental health, nursing services, regulatory agencies, and others.7  (In the United
States, epidemiologists almost never have any regulatory authority; we have
little if any enforcement power, nor do we issue fines or penalties of any kind.)

Type 1 outbreaks tend to reflect local problems—most commonly poor food
handling practices or inadequate worker hygiene. Despite our best efforts, expe-
rience suggests that such outbreaks are easier to explain than they are to prevent.

7At least we epidemiologists like to think we’re in charge….
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State epidemiologists provide technical assistance in questionnaire development
and data analysis. If local staff are overwhelmed, state personnel help with inter-
views and occasionally will go into the field. We try to encourage our staff to go
into the field more often, as it is by far the best way to investigate outbreaks; but
competing demands from other projects, family responsibilities, and budget con-
straints can limit these opportunities.

We have developed a system of templates that Oregon epidemiologists use
to quickly develop outbreak-specific questionnaires, data entry databases, and
data analysis programs.8  These templates save a great deal of time and help us
focus more efforts on data collection and interpretation and less on raw data
shuffling and preparation. Given enough cases, we usually attempt some type of
cohort or case-control study to determine specific source(s) of infection.

Oregon state epidemiologists are always available to consult with local
health departments and offer technical advice, often designing questionnaires
and performing data analysis after interviews conducted by local staff. One of a
pool of staff epidemiologists is always available on call outside normal office
hours and if necessary, staff are usually available to travel on short notice to
support or direct investigations in the field. Disseminated, surveillance-anomaly-
driven Type 2 outbreak investigations are almost always run by state epidemiol-
ogists, as they require more sophisticated epidemiological training and experi-
ence, as well as (usually) much more liaison between agencies inside and outside
Oregon. Besides the official agencies, we sometimes enlist the assistance of
persons in academic or other institutions who may have special expertise (e.g., to
conduct experimental tests not available at PHLs). In some states with fewer
resources, federal epidemiologists from the CDC (usually trainees with close
supervision by more experienced staff in Atlanta) play these supporting roles
more often.

At the outset of these investigations we often have no idea what connects
the cases, other than their illness. We scrutinize the routine reports that we typi-
cally already have on these individuals for demographic or behavioral clues
(e.g., similar ethnic backgrounds, unusual age or sex distributions, attendance at
the same mass event or different outlets of the same restaurant chain). Failing
any immediate success from such a review, we will re-interview cases with
hypothesis-generating questionnaires about recently consumed food.9  Of course,
in the meantime we compare notes with our counterparts in nearby states, as
already mentioned. This type of case finding is often critical to uncovering
enough cases to yield statistically meaningful sample sizes. As specific hypothe-
ses emerge we may conduct case-control or other studies to test them.

8See http://www.healthoregon.org/acd/keene.cfm for a more extensive description of these and
related tools.

9Again, refer to http://www.healthoregon.org/acd/keene.cfm and particularly our “shotgun” ques-
tionnaire.
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Outbreak investigations should be treated as matters of extreme urgency.
Staff schedules are rearranged as needed, and staff may work evenings and week-
ends until the source is identified. It is often easier to reach people by telephone
in the evening, for example, so we have to be able to call when our targets are
available, no matter how inconvenient it may be for us. Moreover, delayed re-
porting is the rule, not the exception, and memories can quickly fade.

Case-control methods vary, but we often target households with matching
telephone prefix numbers as controls for cases.10  Once initiated, these kinds of
studies can usually be completed quickly, and rarely take more than 24 to 48
hours. We emphasize speed, because our basic premise is that the problems may
be ongoing. Delays could mean additional morbidity and mortality.

Once a source is identified, we may advise the public through press releases
if there is a public health purpose to be served by doing so (e.g., recall of con-
taminated product). If dangerous products are identified that may still be avail-
able to consumers (e.g., ground beef contaminated with E. coli O157:H7), press
releases are issued without delay. Decisions to issue press releases are usually
made by senior public health staff, but without political input. While we are
aware of the adverse consequences of such publicity on business interests, this is
usually given little if any consideration. We work closely with regulatory agen-
cies on product recalls, but often we have to keep prodding them to move as
quickly as we epidemiologists can. In part this reflects the more formal legal
structure at the federal level of, say, an FDA-instigated product recall.

It is important to note that confirmation of an outbreak source only rarely
involves recovery of a pathogen from an implicated product. In fact, culture of
food products typically plays a very small role in outbreak investigation and is
often all but irrelevant to the conduct of the investigation. Contaminated foods
are often long gone before outbreaks are even recognized, or contamination may
occur at such a low and intermittent level as to be very difficult to detect. Confir-
mation means establishment of strong epidemiological evidence linking con-
sumption of a product to illness, corroborated by biological plausibility and usu-
ally compatible information about product distribution, even if not (yet) having
convincing product trace-back or trace-forward information. More detailed in-
formation about product distribution is usually sought as soon as possible, but in
general we do not delay public notification for such information unless it is
necessary to confirm the source. Food testing is often attempted after the fact,
and is sometimes successful (more often not), but we never wait for such results
to notify the public if the epidemiological evidence is compelling.

For many years regulatory agencies in the United States were very uncom-

10For example, if the case’s number is 503-731-4024, we might start with 503-731-4025, and
continue -4026, -4027, . . . until we found willing respondents who were eligible (e.g., not recently
ill, similar age bracket).
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fortable with this—often to the infuriation of epidemiologists—but over the last
5 to 10 years regulators have become much better about proceeding based on
epidemiological evidence alone. The credibility of epidemiologists is on the line
every time we conduct these studies and draw conclusions from them, so this
work must be done carefully and thoroughly to avoid either false negative or
(usually worse) false positive results (i.e., implicating a product that had nothing
to do with the illness).

Even in our state of only 3.5 million people, we lead or participate in these
types of studies (i.e., Type 2) about once or twice each month. In just the last
year we have used these approaches to link salmonellosis outbreaks to produce
(alfalfa sprouts and honeydew melons), almonds, and processed food (commer-
cial egg salad being distributed at a chain of grocery stores in several western
states).

Type 1 investigations begin much more frequently—about two or three per
week—in our state, with an investigation resulting in some kind of cohort or
case-control study perhaps once a week. This means that our staff can obtain
considerable experience developing questionnaires and carrying out these inves-
tigations under realistic time pressures. While many investigations are relatively
inconsequential, this experience is invaluable as training. In addition, it can be
difficult to predict at the outset which investigations will be the most consequen-
tial. We have made highly significant discoveries in the course of investigations
of very small clusters (Keene, 1997).

OUTBREAK REPORTING

We ask our state or local health department epidemiologists to summarize
outbreak investigations, using a standardized questionnaire.11  This practice is
state-specific, and many states do not track investigations as completely as we
do. In addition to paper records, including questionnaires, outbreak summaries
are logged into a computer database. Foodborne and waterborne outbreaks are
routinely reported to the CDC (nationally). Interesting or instructive outbreaks
are sometimes presented at national meetings or written up for publication in
peer-reviewed journals. We average about three to five such outbreaks per year.
Fifteen to 20 outbreaks each year merit at least local or regional attention.

With increased funding and staffing over the last 10 years, our department
has become much better at investigating outbreaks and in particular at logging
investigations when they occur. The number of outbreaks logged annually has
increased from less than 10 in 1995 to over 180 in 2004. The great majority (85
percent) represent clusters of acute gastroenteritis. About one-half of these out-

11The Foodborne Outbreak Summary form is posted on our Web page (http://www.dhs.state.or.us/
publichealth/acd/foodrpt.cfm). There are similar forms for nonfoodborne outbreak investigations.
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breaks are clearly foodborne, and a significant proportion of the rest had indeter-
minate routes of transmission (i.e., may have been at least in part foodborne). As
previously noted, the most commonly identified etiology by far for reported
outbreaks in Oregon are Norwalk-like viruses (noroviruses). Since our PHL be-
came able to assay stool specimens for Norwalk by reverse transcription-poly-
merase chain reaction in 1999, the number of these outbreaks logged has steadily
increased. Multicounty and multistate outbreaks (typically salmonellosis) are
investigated with some regularity.

We encourage reporting through whatever channels possible. We assure
local health department staff that the more they report, the better we think they
are doing. One of the biggest hurdles is convincing people in medical institutions
and local health agencies that outbreaks do not reflect badly on them; indeed, it
is just the opposite. We know that common-source clusters are occurring with
great regularity everywhere and that we hear of only a minority that take place.
So the better the surveillance is, the more outbreaks we will hear of. It’s that
simple.

To return to Langmuir’s original dictum, we must appreciate that surveil-
lance data do not originate in a vacuum, and that we cannot long succeed without
providing feedback to our data sources and other collaborators. We go to consid-
erable lengths and expense to maintain contacts with the community of laborato-
ry scientists, clinicians, infection control practitioners, and public health nurses
who provide us with our raw data. We mail a biweekly newsletter (http://
www.dhs.state.or.us/publichealth/cdsummary/index.cfm) to all licensed physi-
cians in the state; the newsletter provides information and news of epidemiolog-
ical interest and in general reminds clinicians that we exist. We also regularly
speak to medical, academic, and lay audiences around the state. We present
outbreak reports and other topics at scientific meetings and prepare manuscripts
for publication in peer-reviewed medical journals. We have regular contact with
the news media concerning outbreaks and other developments. There is an obvi-
ous feedback loop at work here, as news about outbreaks and other surveillance
data generates interest and heightens awareness, which in turn improves report-
ing, which in turn facilitates the identification of new outbreaks, which in turn
generates more news. If outbreaks are not publicized, or the public is not made
aware of the function, existence, and value of public health investigations, few
outbreaks will be identified.

Although not covered in this presentation, we also participate in collabora-
tive research projects concerning foodborne and diarrheal disease under the Food-
Net umbrella.12  Oregon has been a FoodNet site since the program’s inception
in 1995. FoodNet sites have special grant funding from the federal government
that enhances epidemiological capacity. FoodNet states conduct all the usual

12See http://www.cdc.gov/foodnet/ for more information on FoodNet.
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functions of state health departments, but also participate in special multistate
projects aimed at identifying causes of foodborne and diarrheal disease. These
projects are often very resource intensive. These kinds of projects presuppose
well-established, mature surveillance networks.

CONCLUSIONS

Surveillance for foodborne and diarrheal disease is a complex and collabo-
rative effort that involves laboratory, environmental health, and epidemiological
resources. Regulatory, industry, and academic agencies also contribute to the
process. Surveillance protocols in the United States depend on clearly defined
legal responsibilities and authorities, generally specified at the state level, which
give selected public health agencies access to otherwise confidential medical
information, and ensure the availability of specimens for specialized character-
ization for epidemiological and other purposes.

Mandatory reporting of selected diagnoses and laboratory test results is a
pillar of our system, which in turn depends on at least a significant number of
people seeking medical care for their illnesses and ending up being cultured or
otherwise tested to determine a specific etiology. Meaningful follow-up to dis-
ease reports depends on rapid communication between public health officials,
physicians, and patients. Data are collected using standardized instruments and
rapidly pooled for analysis at local, state, and national levels. Informal and un-
structured contacts between state and national public health agencies are among
the most important means of pursuing potential common source outbreaks that
may involve multiple jurisdictions. Trained epidemiologists are available to re-
spond to presumptive anomalies, including outbreaks of disease. Database de-
velopment and maintenance are important considerations for both routine case
reporting and outbreak investigations.

Epidemiologists, laboratorians, regulators, and academics have attempted to
integrate reports from outbreak investigations and other surveillance data, labo-
ratory characterization of pathogens, and food sampling programs conducted by
regulatory agencies and industry to achieve a “big picture” of the causes of
foodborne disease. While progress has been made, these efforts have proven
frustratingly inconclusive. Large and expensive population-based case-control
studies of sporadic cases, for example, often end up explaining relatively few
cases. Outbreak investigations, while often definitive, are difficult to extrapolate
from. Routine epidemiological data are often biased—sometimes seemingly
hopelessly so. Questions of attributable risk (e.g., How much campylobacteriosis
comes from undercooked poultry? How important is poor hand washing by res-
taurant workers to disease transmission? Is imported produce more of a problem
than domestic produce?) remain largely unanswered. There is no consensus about
how to solve these problems, or even agreement that they can be solved.

Despite all these problems, public health agencies probably deserve much of
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the credit for stimulating changes in food processing and handling practices at
both commercial and consumer levels, not to mention improving the quality of
related medical care. Good surveillance data can be used to assess temporal
trends in the incidence of foodborne and diarrheal disease, and most indicators
suggest that a number of them may be declining in the United States over the last
few years. Of course, foodborne-illness-associated morbidity and mortality are
greatly reduced from levels seen 100 years ago, reflecting improved hygiene and
sanitation at all levels.

The American system of disease surveillance is expensive, complicated, and
not at all an idealized model. It can be maddeningly bureaucratic and inefficient.
At the same time, there is a great tradition of hard and often productive work that
often translates to rapid identification, investigation, and resolution of public
health problems with consequent prevention of unnecessary morbidity and mor-
tality. It is a tradition that we are happy to share with our counterparts in Iran in
hopes that this will help stimulate the development of your own protocols and
traditions, in turn benefiting the health of the Iranian people.
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Foodborne Disease Investigations,
Including Surveillance:

A Collaborative Pilot Project

Ali Ardalan
Epidemiologist, Research Center for
Gastroenterology and Liver Disease

Surveillance of foodborne diseases is receiving increased priority in the
public health agenda of many countries. It is instrumental in estimating the bur-
den of foodborne disease, assessing its relative impact on health and economics,
and evaluating disease prevention and control programs. It allows rapid detec-
tion and response to outbreaks. In addition, it is a major source of information
for conducting risk assessment and, more broadly, for risk management and
communication.

Ideally, foodborne disease surveillance should be integrated with food mon-
itoring data along the entire feed-food chain. Integrating such data would result
in robust surveillance information and allow appropriate priority setting and pub-
lic health intervention. For this purpose, intersectoral and interinstitutional col-
laboration are of paramount importance. Therefore, within Iran a strategic plan
was developed by the highest authorities. Proposing a plan to integrate the dif-
ferent organizational activities that are involved in food safety is the concern of
the Commission on Health and Medicine of the Iranian Parliament.

The main organization in charge of foodborne disease surveillance is the
Department of Food and Waterborne Disease at the Center for Disease Control
in the Ministry of Health (MOH).

The focus of the current system is the Health Network, mainly active in
rural areas, to report dysentery and cholera and to detect outbreaks; however,
sporadic cases are not receiving sufficient attention. Physicians in Iran must
report cases of certain diseases, such as polio, measles, and diphtheria, but there
is no obligation to report cases of foodborne disease. In addition, in the Health
Network, physicians are expected to report cases of dysentery and suspect chol-
era, but there is no reporting of other foodborne diseases. The same is true about
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outbreaks of these illnesses, and most outbreaks go undetected unless they are
huge or cause severe signs and symptoms or mortality. Hence, many cases of
foodborne disease and the relevant outbreaks may never be reported.

When a person becomes ill with a foodborne disease, he or she may be part
of an outbreak or may have a sporadic illness that is not part of a recognized
outbreak. Based on 1997 statistics, the U.S. Centers for Disease Control and
Prevention (CDC) estimates that 76 million Americans have foodborne illnesses
each year, although only approximately 400 to 500 outbreaks are reported to the
CDC each year, accounting for only 10,000 to 12,000 persons with foodborne
illness. There is no supportive evidence that we are in a better situation. Conse-
quently, sporadic cases should be the prime target for prevention efforts because
sporadic cases are far more common than outbreaks; however, it does not mean
ignoring outbreaks.

Traditional passive surveillance systems or laboratory-based reporting can-
not provide precise estimates to evaluate food safety reforms and program chang-
es, or tell us how they will affect the incidence of foodborne disease. These
systems rely on a number of events. First, an individual with foodborne illness
must seek medical care. Then, the physician must order a test and request labora-
tory analysis. Next, results must be reported locally and, finally, to the national
health system. If any step in the process is missed, the case will go unreported.
Before the active foodborne surveillance system project, the CDC estimated that
only 1 percent to 5 percent of foodborne disease cases were reported. The CDC
conducts surveillance for foodborne diseases in the United States in several dif-
ferent ways to obtain the necessary information. So, it seems the only practical
solution is a multipronged approach to overcome our information deficiency
about foodborne diseases. The main objective of this collaborative pilot project
is to develop a model for a National Foodborne Disease Surveillance System
(FBDS) in Iran.

The organizations involved are the Department of Food and Waterborne
Disease, MOH, and the National Department of Foodborne Diseases of the Re-
search Center for Gastroenterology and Liver Disease (RCGLD) at Shaheed
Beheshti University of Medical Sciences. Joining policy makers and administra-
tors with researchers can be a valuable opportunity that we have often missed in
our country. This has led to a waste of limited resources in administration, train-
ing, and research.

The project has some specific objectives, including developing the following:

• An FBDS plan with such stages or sections as formulation of objectives,
case definition, data sources, data collection instruments, communication sys-
tem, analysis strategies, feedback system, and assessment;

• An outbreak investigation package;
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• Training courses on establishing FBDS at the national, regional, and pro-
vincial levels; and

• An FBDS network for information exchange, learning, and training.

The main criteria of the model should include:

• Compliance with MOH policy;
• Accuracy;
• Cost-effectiveness;
• Feasibility; and
• Resource adjustment.

The main parts of the project will be the following:

• Laboratory-based surveillance;
• Physician-based surveillance;
• Population-based survey;
• Outbreak investigation;
• Case-control studies; and
• An FBDS network.

A most critical step is selecting the appropriate location for the project. The
following criteria should be considered for selecting the project site and popula-
tion: feasibility, representativeness, and cooperation of the authorities.

Regarding the aforementioned criteria, it seems that Karaj district is appro-
priate. It is located 48 km west of Tehran, about a 30 minute drive. The RCGLD
has the experience of conducting a foodborne project there, its health authorities
are cooperative, and its demography is representative of the country. In addition,
an important point is that it is a large city. Since the main current and future
problems of an FBDS are large cities, the Karaj project would be a valuable
experience for establishing a national system.

I wish to review a summary of the results of a study the RCGLD conducted
in seven health centers, three hospitals, and three private clinics in the Karaj
district. Note that no private physician’s office was included because of our
resource limitations. In total, 734 stool samples of patients receiving the diagno-
sis of acute diarrhea were studied. The annual incidence of shigellosis was 17
percent with the most common type being S. flexneri comprising up to 45 per-
cent of the cases. The seasonal trend of shigellosis decreased from the hot to cold
seasons although the pathogen existed all year without leading to outbreaks.

Let us return to the Foodborne Disease Surveillance Pilot Project and the
different stages of the project.
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Laboratory-Based Surveillance

• Include laboratories that conduct microbiological testing of stool samples
to determine the culture-confirmed cases of foodborne illnesses.

• Propose a guideline to laboratories to standardize their practices for pro-
cessing and culturing samples.

• Conduct diagnostic accuracy studies at the beginning and end of the
project.

• Conduct a molecular epidemiology study based on culture-confirmed
samples to determine the serotypes of pathogens.

Physician-Based Surveillance

• Include physicians in both the public and private sectors to determine the
cases of public health emergency illnesses, such as botulism.

• Include reporting of diarrheal cases by Health Network physicians on a
regular basis.

• Conduct surveys to estimate the burden of diarrheal diseases over time
and to determine how often and under what circumstances physicians order tests.

Population-Based Survey

To estimate the numbers of diarrheal cases that occur in the catchment area
over time, the proportion of persons with diarrhea who seek health care, the
proportion of patients who follow the physician’s order for stool testing, and
these patients’ food handling behaviors and practices are particularly important.

Outbreak Investigation

• Conduct epidemiological studies followed by molecular studies to inves-
tigate the source of outbreaks.

• Develop an outbreak investigation package including a manual that cov-
ers investigation design, forms, the analysis plan, required software, and report
format.

Case-Control Studies

Case-control studies consist of interviews with selected persons who had
laboratory-confirmed cases of E. coli (including E. coli O157:H7), Shigella, Sal-
monella, and Campylobacter and a randomly selected control group of people in
the community who were not ill. The objective is to statistically determine risks
associated with different foods and to obtain information on potential exposure.
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Developing an FBDS Network for Information Exchange, Learning, and
Training

We are going to turn the “alley” of information exchange into a “super
highway” in our community through developing a website and establishing an e-
mail group, including national and international experts and authorities. The
website could be a part of the existing RCGLD Web site at  http://www.rcgld.org.
A very important point is that these activities will be managed by the Network
Committee, which will work with others. It means that there will be no distur-
bance of other administrative activities of the project. The necessary documents
will also be developed, both in hard and soft copy about the FBDS process and
about lessons learned from FBDS and the outbreaks. There will be the reports of
the FBDS and the investigations.

An important aspect of the network will be the just-in-time lectures on the
noted subjects during different stages of the project. The main idea is a super-
course, run by a Pittsburgh University team, in the form of a freely available
online library of public health. It has a Web-based, icon-driven format, mainly
with PowerPoint slides, graphic presentation, and a multilingual text. The super-
course developer, Professor LaPorte, named it Hypertext Comic Book. Examples
of lectures on foodborne outbreaks can be found on the website.

You can find another example of these lectures about the disease surveil-
lance system in the town of Bam, which has been developed by the Center of
Disease Management, in the MOH after the disastrous earthquake in 2003. It is
of great importance that all parts of this system and all activities be evaluated to
ensure the main objectives are met.

In summary:

• The collaborative pilot project will develop a national model for a food-
borne disease surveillance system.

• It is a multipronged approach by the MOH and the RCGLD to correct our
lack of information about foodborne illness.

•  The collaborative pilot project will be enriched by molecular studies and
by the Foodborne Disease Network.
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Discussion

Dr. Mohammadreza Razailashkajani
Research Center for Gastroenterology and Liver Diseases

Shaheed Beheshti University of Medical Sciences

Panel:
Dr. Keene, Professor Mohraz, Dr. Gooya, Dr. Nadim, and Dr. Ardalan

Professor Minoo Mohraz, the president of the Iranian Association of Infec-
tious Diseases, urged that Iranian clinicians and scientists working in the fields
relevant to foodborne disease grasp opportunities like this workshop to benefit
from the experiences of their American colleagues. She also expressed her con-
cerns about the increase of zoonoses in Iran that could be controlled by stricter
food safety measures.

Responding to a question from an Iranian attendee on ways to improve
reporting of foodborne disease in Iran, Dr. Keene mentioned that laboratory and
physician monitoring systems should be developed in Iran. He stressed that these
systems should be well funded and supported by the government in order to be
successful. Dr. Keene also addressed the question of how state governments in
the United States send surveillance reports and data on foodborne disease to the
federal government. The final point was from Dr. Ardalan on the challenges
faced by a new food surveillance system in integrating it into the established
public health sector.
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Inspections and Investigation: Tools for Detecting Sources of Food Contamina-
tion and Preventing Illness Outbreaks

Food Monitoring, Investigation, and Inspection Infrastructure in Iran

Discussion

Day 2

Morning Session
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Inspection and Investigation: Tools for
Detecting Sources of Food Contamination

and Preventing Illness Outbreaks

George J. Jackson
Former Dean of the Staff College,

Center for Food Safety and Applied Nutrition,
U.S. Food and Drug Administration

Abstract Regulatory agencies such as the U.S. Food and Drug Ad-
ministration use trained inspectors to monitor the hygienic status of the
food supply and of the food production and distribution environments.
Inspectors may take samples for laboratory analysis. Investigations are
undertaken when standard inspection and analysis do not solve such
problems as food contamination or illness outbreaks from unknown
sources. These investigations are conducted by teams that may include
inspectors, laboratory analysts, and epidemiologists.

Described in detail are two investigations: a food-associated illness
outbreak caused by the bacterium Yersinia enterocolitica from an unex-
pected source and a series of illness outbreaks caused by the parasitic
protozoa Cyclospora cayetanensis that was difficult to detect in food.
Investigators must consider that food can become contaminated at all
its steps from farmland or fishing waters to the consumer’s fork.

There are at least two generalities to remember when discussing microbial
foodborne illness. Experience has taught us that there is no strict distinction
between so-called foodborne pathogens that infect by way of the alimentary ca-
nal and so-called waterborne pathogens that infect the consumer by that route.
Although a pathogen’s prevalence may differ in water and in food, it may also
differ in different types of food. Generally, a waterborne pathogen will ultimate-
ly finds its way into food.

A foodborne pathogen is usually easier to detect in an ill patient than in the
contaminated food that caused the illness. In food the pathogen tends to be few
in number, and in a dormant or even injured state, whereas there are likely to be
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many pathogens in an acutely ill patient. The invaders exist in an active growth
phase in the ill patient. In food there are competitive microorganisms and varied
test inhibitors that make detection difficult, whereas in patients single infections
are more common and inhibitors are more constant.

Regulatory agencies, such as the U.S. Food and Drug Administration
(FDA), routinely conduct inspections of the food supply and of the food pro-
duction and distribution environments. These inspections are carried out by
trained sanitarians who make observations, take measurements (e.g., pH, tem-
perature, chlorine concentration), and may gather samples for subsequent labo-
ratory analysis. They determine the general safety of the food supply and the
general hygiene of the surroundings in which food is handled. For many years
they operated on the basis of common sense and historical knowledge about the
food supply. More and more, though, the systematic Hazard Analysis/Critical
Control Points approach is being implemented in decisions about what, where,
and how much to inspect.

Investigations are undertaken when a problem arises, such as a foodborne
illness outbreak or a food contamination from an unknown, undetermined, or
unsuspected source. Sanitarians, laboratory analysts, and often an epidemiolo-
gist work together on investigations. Such a team may be assembled from differ-
ent agencies and usually includes local officials, the FDA, and the Centers for
Disease Control and Prevention (CDC) when the problem is large and wide-
spread. The investigators will apply both standard procedures and special proce-
dures necessitated by the particular case in determining which food caused the
illness and/or how that food became contaminated. They will try to correlate
their results with clinical information about the patients. From hard data and
circumstantial evidence, they will proceed with reason, imagination, and caution
to unravel the chain of events that caused contamination and illness. Detailed
descriptions of two different outbreaks, one historical and the other rather recent,
are given below to illustrate the characteristics of the investigation process.

YERSINIA ENTEROCOLITICA: FACT AND THEORY OF A
FOODBORNE ILLNESS OUTBREAK

 This incident involved milk that had been commercially pasteurized. The
milk came from cows, but, another species of farm animal was also involved.
The year was 1982, and in three south-central states of the United States—Ten-
nessee, Arkansas, and Mississippi—up to 19,000 people became ill with diar-
rhea and other symptoms of clinical yersiniosis. Testing of 172 patients showed
that the likely causative agent was the bacterium Yersinia enterocolitica of
serogroup O:13 and typically the isolates carried a 42 megadalton plasmid.

The number of ill individuals was quite large, yet all seemed to be the
customers of a single dairy. Milk from that supplier was the sole consumable
item all these people had in common. That information surprised one of
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the investigators on the team assembled to try to understand the situation.
He was the FDA’s Dr. Calvin Aulisio, and he knew that the O:13 serotype of
Y. enterocolitica is associated endemically not with dairy cattle but, rather,
with pigs. Another anomaly was that there appeared to be no contamination in
the milk as sold by the dairy. All pasteurization records indicated that the re-
quired kill step for pathogens had been taken properly. Aulisio wanted to know
if there was any association between the dairy and pigs. Interviewing practical-
ly everyone at the dairy from top officials down, he always received the same
reply. No one knew of any contact, any connection between the dairy and pigs—
until he came to the last person on his list: the employee on the dairy’s loading
dock. That man told Aulisio that outdated, unsold milk returned to the dairy was
not destroyed but sold to a pig farm as feed for the pigs; however, there still
seemed to be no contact between the pigs and the dairy, because all the milk
and even the milk containers were left at the pig farm.

Aulisio decided to follow the dairy’s delivery truck with the outdated milk
to the pig farm. He did this several times and observed that although the pig pens
were on a hill, the truck stopped at the bottom of the hill and that is where the
crates containing the milk cartons and bottles were placed on the ground. Then
the cartons and bottles were removed from the crates, which were placed back
on the truck. In rainy weather, feces from the pig pens were washed down the
hill and became mixed into the soil at the bottom of the hill where the truck
parked and the crates were unloaded. When the reloaded empty crates reached
the dairy again, they were washed with hot water; however, some soil remained
in indentations in the outside bottoms of the crates. In other words, the washing
was not thorough enough. Aulisio cultured soil from the bottom of the hill at the
pig farm and soil remaining on the crates; both were positive for Y.
enterocolitica serogroup O:13 carrying the 42 megadalton plasmid (Aulisio et
al., 1982).

What likely happened? When containers of freshly pasteurized milk
were placed in the incompletely washed crates and the crates were stacked
on top of each other under refrigerated conditions, moisture accumulated and
caused remnants of soil with the bacteria to drip down onto the milk containers
below. Consumers either contaminated their hands when handling the milk con-
tainers and/or inoculated the milk inside when they opened the container. Pas-
teurized milk with its lack of a competitive microflora is a good growth medium
for cold-tolerant Yersinia species. Experiments were conducted to determine
whether the strain of Yersinia involved in the outbreak could survive on the
outside of refrigerated milk containers (Stanfield et al., 1985). It survived well
for as long as 21 days. So did some other foodborne pathogens. That gave
support to the theory that the outside of food packaging can play a role in the
transmission of infections. Lessons learned include that we must keep the out-
side of food containers clean and that persistence pays off in investigations.
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SPRINGTIME FOR CYCLOSPORA:
AN OUTBREAK STUDY WITH INTERNATIONAL ASPECTS

An illness with outbreaks in Canada and the United States during spring and
early summer of 1996 had unusual features. Its symptoms were those of a strong,
very long-lasting diarrhea. In addition, people described feeling “jet lag.” The
malady seemed to strike those who ate at upscale events—banquets, receptions,
and country club gatherings. Identified in stool samples from the afflicted was a
microorganism, presumably the cause of the illness that had been described and
classified only 3 years earlier. It was a single-cell animal, a parasitic protozoa
given the name Cyclospora cayetanensis (Ortega et al., 1993). The number
of people who became ill with cyclosporiasis during the months of May, June,
and very early July was 1465, about one-half of them having been to what one
pundit termed “posh parties at plush places.” Yet no cases occurred west of the
Rocky Mountains. These circumstances caught the attention of the news media
and stimulated the public’s imagination.

It took time to determine what food at those expensive events had caused
the illness. The list of possibilities came down to two fresh produce items: straw-
berries and raspberries; and it was the latter to which the data from interviews
and questionnaires finally pointed (Herwaldt et al., 1997). The raspberries, it was
then realized, had been imported and the country of their origin was Guatemala
in Central America.

The raspberry is not native to Guatemala. It began to be cultivated there as
a cash crop at the urging of international agencies and was intended mostly for
export to Canada and the United States at those times of the year when there
were gaps in the two countries’ raspberry supply. Spring and autumn became
the high points of Guatemalan raspberry production because the northern na-
tions grew their own raspberries in summer and had been importing South
American raspberries in winter. Guatemala’s raspberry exports increased
considerably from 1994 to 1996, the year the associated outbreaks of illness
were so numerous they could not be overlooked.

To confirm the epidemiologic implication that Guatemalan raspberries were
the carriers of cyclospora, scientists looked for the organism on the berries but
could not find it. Several elution methods and detection techniques were tried,
including direct observation by microscopy and genetic identification by the
polymerase chain reaction. Detected by these means in the berry washes was not
cyclospora but one of its relatives, another parasitic protozoa, an eimeria that is a
parasite of birds and some mammals but does not cause human infections. This
was a valuable finding. It showed that the analytical methods being used did
work to some extent, but perhaps needed more refinement. It also showed that
something from animals was getting onto the berries, and people wondered
whether it was some animal that was contaminating the raspberries with cy-
clospora.
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Government agencies in the United States and Canada were, however, ex-
pected to do more than develop finer detection methods and speculate about the
source of infections. The next crop of raspberries from Guatemala would be
arriving in the autumn of 1996. Should they be allowed entry?

It was suspected, but not definitely known, that the fall season was not the
right one for cyclosporiasis. In Guatemala the illness was associated with the
spring rainy season and was thought to be the cause or at least one of the causes
of the country’s long familiar springtime diarrheas.

Guatemalan raspberries were allowed into Canada and the United States in
the autumn of 1996 and no associated illness outbreaks occurred. The real wor-
ry was the next springtime crop, in 1997. Guatemala was asked to inspect its
raspberry fincas (farms) and only those classified as low risk for contamination
would be allowed to export to Canada and the United States. The criteria used
for the risk classification were not spelled out precisely. Again illnesses oc-
curred. There were 762 cases in 41 clusters plus 250 sporadic cases that fit the
definition of long-lasting diarrhea in April and May of 1997, a total of 1012
presumed cyclospora infections. They occurred in 17 states of the United States
and in the District of Columbia, as well as in the same two Canadian
provinces as the previous year. This time the spread was from the East Coast all
the way to the West Coast and did not stop after the Rocky Mountains. Again
the epidemiology pointed to fresh Guatemalan raspberries as the vehicle for
the parasites, even though they were supposedly from low-risk farms.

In consultation the governments of Guatemala, Canada, and the United
States decided to conduct risk analyses of the situation. The possible ways
that berries became contaminated with cyclospora were several: (1) spray-
ing with insecticide and fungicide dissolved in water that was not potable; (2)
touching by the hands of the fieldworkers when being felt for ripeness and
when being picked; (3) contamination through animal vectors; (4) exposure to
physical forces (wind with dust, splatter from rain) in the fields; (5) accidental
or intentional intermingling of berries from high-risk farms (i.e., unsanitary
ones) with those from low-risk (i.e., sanitary farms); and (6) sabotage, the in-
tentional contamination of berries with fecal matter that may have contained
cyclospora.

Remedies were possible for some of the risks: (1) placing filters (1 µm) to
exclude cyclospora (the infective oocyst has a diameter of 8-10 µm) in the spray
apparatus for the insecticide and fungicide solutions; (2) monitoring fieldwork-
ers’ hand washing and general hygiene. Unfortunately, nothing effective could
be done about risks 3 and 4, except deploying scarecrows to keep birds off the
fields. Other risks were addressed by labeling berry containers to indicate the
particular farm and day of harvest (risk 5); and security measures to discourage
intermingling of produce from different farms and facilitate trace-backs in the
event of illness outbreaks (risk 6). Risks 3 and 4 were considered much less
likely to occur than the other risks. Remedies 1, 2, 5, and 6 together with farm
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inspections and health checks of farm workers by an independent authority were
implemented as a model plan of excellence for raspberry production in Guate-
mala. The Guatemalan government would assure importing nations that only
those raspberries grown, packaged, and transported according to the plan would
be exported.

Doing the risk analysis, implementing the remedies, and instituting the in-
spections took time. In 1998 much of the work had not been accomplished, and
the United States decided not to accept any Guatemalan raspberries that spring.
No cyclosporiasis outbreaks were detected in the United States that sea-
son. Canada did import fresh raspberries from Guatemala in the spring of 1998
and had 336 typical cases. Unintentionally, this amounted to a
“controlled” epidemiological experiment. In 1999 the model plan of excellence
(Jackson et al., 1999) for exporting raspberries was in full operation. The Unit-
ed States imported Guatemalan spring raspberries and experienced no cyclospo-
riasis outbreaks. Canada, careful due to its 1998 laxity, did not accept fresh
Guatemalan spring raspberries again until 2002. The United States had no cy-
closporiasis due to Guatemalan raspberries in 1999, 2001, 2002, or 2003. There
were 63 cases in 2000, all traceable to a single farm, thanks to the labels on the
raspberry containers. It is suspected that this farm experienced sabotage. The
owner of the farm was found murdered.

Although it was demonstrated that contamination of raspberries with cy-
clospora could be prevented by following the plan, the total story of Guatemalan
raspberry exports has a sad ending. The costs of implementing the plan, a se-
quence of years with too much rain for optimal raspberry production, and com-
petition from other Latin American countries that presumably did not have en-
demic cyclosporiasis and so did not have to institute expensive preventive plans
combined to make Guatemalan raspberry exports noncompetitive and not profit-
able. Still, there was a benefit. Guatemala has applied elements of the model
plan of excellence to other farm crops, and these now have a high reputation for
microbial safety on the world market. 

There is a subplot to the story of investigating Guatemalan raspberries that
concerns the detection methodology for Cyclospora cayetanensis. There is also a
side story about Guatemalan blackberries and a sequel about raspberries from
Chile.

Detection Methodology. Microscopy of raspberry washings took much
time. Although eventually the C. cayetanensis oocyst was detected visually, as
some Eimeria spp. oocysts had been in 1996 and 1997, the procedure was aban-
doned as impractical. Initial results with the polymerase chain reaction
(PCR) were negative because of interfering substances, particularly when the
raspberries were not fresh. Since these interfering substances could be removed
by special filters (from Fraser Technology Australia), PCR became the method
of choice (Lopez et al., 2001; Orlandi et al., 2004).
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Why Raspberries and Not Blackberries? Raspberries and blackberries
were grown in adjacent fields of the same Guatemalan farms during the same
seasons. Why were just the raspberries implicated as vehicles for cyclosporiasis?
(Actually, fresh Guatemalan springtime blackberries may have caused a small
number of cyclosporiasis cases in Canada.) Blackberries have a smooth surface
and are more washable than raspberries. Raspberries are covered by fine, sticky
hairs to which all sorts of microscopic objects adhere: dust particles, pollen
grains, and the cysts and oocysts of parasites.

Cyclosporiasis and Raspberries from Chile. In the winter of 2002 an out-
break in the United States of 22 cases of cyclosporiasis was traced to raspberries
from Chile. It is thought that there is no endemic cyclosporiasis in Chile. How
were the Chilean berries contaminated? Investigation (Schrimpf et al., 2003) sug-
gested two possibilities: either by guest crop pickers from endemic countries,
such as Peru, or because the infection is endemic in Chile but has not yet been
detected owing to the limited number of surveys to date.

LESSONS LEARNED AND LESSONS TO BE LEARNED

Persistence again proved to be valuable in investigating the North American
outbreaks of cyclosporiasis, tracing many of them to fresh raspberries (canning
or freezing kill C. cayetanensis) and, by way of a risk analysis, suggesting inter-
ventions, such as the model plan of excellence, for the production and distribu-
tion of the berries. Other items of fresh produce that have caused some cyclospo-
riasis outbreaks in international trade are lettuce, basil, and as mentioned,
blackberries. There is much yet to learn about cyclosporiasis. Why is it so sea-
sonal? Where is it between seasons? Are there reservoir hosts or transfer hosts
for the parasite? In how many countries and what environments is it endemic?

WHY ARE THERE SO MANY FOODBORNE INFECTIONS?

If one considers the passage of food from farmland or fishing waters to the
consumer’s fork, it is apparent that contamination control was for many years
concentrated on food processing. The earlier steps of food growth and the later
steps of distribution, sale, and consumer handling were not completely con-
trolled or were not controlled at all. That situation improved somewhat in
certain countries in the later 1990s. In the United States the improvement was
spurred by the nation’s Food Safety Initiative. Yet, the large size of food pro-
duction firms and the wide distribution of their products magnifies incidents of
contamination. Canning, which kills most pathogens, has been partially replaced
by freezing, which may preserve the pathogen. Recycling, for economic
purposes, of food waste back into the food chain also may recycle microbes.
The use of antibiotics and preliminary heat in food production and processing
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may be causing microbial resistance due to microbial adaptations and even
mutations. The percentage of immunocompromised consumers has grown. More
raw food is being eaten for dietary reasons in prosperous countries. As cities
grow, particularly in poorer nations, there are more street vended foods and
fewer supplies of potable water. Prevention advice is not always understood. For
these and other reasons foodborne infections are still a problem in the 21st
century.
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Food Monitoring, Investigation, and
Inspection Infrastructure in Iran

Dr. S. Farzad Talakesh and Dr. Hamid Khaneghahi
Public Health Department, Iran Veterinary Organization

Food safety is an issue of increasing concern worldwide and prioritization of
food safety as an essential public health function has been advocated recently in
Iran by the following bodies:

• Iranian parliament ratifies the laws and regulations.
• The administrative branches of the Iranian Government (IVO,1 MOH,2

ISIRI3) prepare and suggest legal drafts and forward them to special committees
of parliament for ratification. Because of the separate efforts, there are overlaps
that create obstacles to progress on food safety.

ELEMENTS OF NATIONAL FOOD MONITORING AND
INSPECTION SYSTEM IN IRAN

Most of Iran’s organizations related to the health of plants, animals, and
humans focus on maintaining and developing food safety standards through the
ISIRI and the PPO.4  There are five aspects as follows:

Food laws and regulations (IVO, MOH);
Food control management (IVO, MOH);

1Iran Veterinary Organization.
2Ministry of Health.
3Institute of Standards and Industrial Research of Iran.
4Plant Protection Organization.
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Inspection services (IVO, MOH);
Laboratory services (IVO, MOH, ISIRI, PPO, AEO5) ; and
Information, education, communication, and training (IVO, MOH).

The laws and regulations on food safety in Iran include the following:

• The food, drug, and cosmetics act—MOH;
• The veterinary act—IVO;
• The standards act—ISIRI;
• The plant protection act—PPO; and
• The environmental protection act—EPO.

We know that Iranian citizens have become more aware not only of food
safety issues but also want to know who is responsible for such issues. Iranian
food safety programs aspire to be risk-based, science-based, and transparent;
however, most of these acts are rudimentary and need strengthening in order to
implement new monitoring and surveillance programs and achieve improved
food safety. In addition, each administrative branch has specific legislation, and
the results of a branch’s activities are disseminated widely. Expert advisory com-
mittees and public meetings sometimes help in the preparation and ratification of
the pertinent laws and regulations.

At a time when issues such as globalization, self-regulation, hazard analysis
and critical control points, and quality control have become so important, Iranian
food safety principles incorporated in regulations are considered as urgent na-
tional priorities to meet the needs, demands, and concerns of industry and citi-
zens. These principles include the following:

• Foods must be safe and wholesome to be marketed.
• Regulatory decisions regarding food safety must be based on sound

science.
• The government has enforcement authority.
• Processors, manufacturers, distributors, importers, and others engaged in

food marketing must comply with the law.
• The regulatory process should be transparent and should be made acces-

sible to the public (through MOH, IVO, ISIRI Web sites).

The principal objectives of the food control system are:

5Atomic Energy Organization.
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• Promoting public health by reducing the risk of foodborne illnesses (IVO
and MOH);

• Protecting consumers against unsanitary, unwholesome, mislabeled, or
adulterated raw food of animal origin (IVO) and processed food of animal and
plant origin (MOH);

• Contributing to economic development by maintaining consumer confi-
dence in the food system and providing a sound regulatory foundation for the
domestic and international trade in food (IVO’s Quarantine and International
Affairs Office is responsible for this aspect);

• Encompassing all the food produced, processed, and marketed within the
country, including imported and exported food; and

• Maintaining a statutory basis that is mandatory in nature.

Administrative branches and their responsibilities include the following:

• The Food, Drug, and Cosmetics General Office of the MOH is responsi-
ble for most foods, particularly processed ones.

• The General Health Office for Food Establishments of the MOH is re-
sponsible for the control of health measures in food establishments, except those
for animal products.

• The General Public Health Office of the IVO—particularly the Animal
Health, Food Safety, and Inspection Service—is responsible for meat, fish, egg,
poultry, and other products of animal origin as well as for monitoring drug
residues.

• The General Quarantine Office of the IVO, especially, is responsible for
animal transport and certification of animal products for export and import.

• PPO is responsible for pesticide registration and plant health inspection.
• The AEO is responsible for radioactivity assessment in foodstuffs.

The national food monitoring and inspection system activities include the
following:

• Inspecting for compliance with the hygienic and other requirements in
standards and regulations;

• Evaluating Hazard Analysis and Critical Control Point (HACCP) plans
and their implementation (HACCP is now mandatory in fish and shrimp process-
ing plants, and many food processing plants also follow HACCP plans);

• Sampling food during harvest, processing, storage, transport, or sale to
establish compliance, gather information for risk assessments, and to identify
offenders;

• Detecting different types of food decomposition by organoleptic assess-
ment to determine which food is unfit for human consumption or which is other-
wise sold deceptively to the consumer, and taking the necessary remedial action;
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• Detecting, collecting, and transmitting evidence when breaches of law
occur, and appearing in court to assist in prosecution;

• Encouraging voluntary compliance, particularly by means of quality as-
surance procedures;

• Inspecting, sampling, and certifying food for import and export; and
• Risk-based audits in establishments working under such safety assurance

programs as HACCP.

The following are the needs and requirements for laboratory services, an
essential component of a food control system:

• More capital investment;
• Well-qualified staff;
• Continuous updating of knowledge and skills at the international level;
• Qualifying the national food reference laboratory to deal with each type

of animal that is a source of food; and
• Adoption by regional analytic laboratories of instrumentation and meth-

odology that have been standardized and validated by the national reference
laboratory.

Food control agencies currently identify the specific training needs of their
food inspectors and laboratory analysts as a high priority. These activities pro-
vide an important means of building food control expertise and skills in all
interested parties, and thereby serve an essential preventive function. They
include:

• Delivery of information, education, and advice to stakeholders across the
farm-to-table continuum;

• Provision of balanced factual information to consumers;
• Information packages and educational programs for key officials and

workers in the food industry; and
• Provision of reference literature to extension workers in the agriculture

and health sectors.

BUREAU OF PUBLIC HEALTH OF IVO

The Bureau of Public Health has six offices that are involved in food safety
functions:

1. Animal Health and Sanitary Office, whose role is policy making and
providing standards for, and hygienic control of, farms and processing plants. It
is responsible for application of good animal husbandry practices and good man-
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ufacturing practices (GMPs) in farms and processing plants and issuance of
health licenses for animal husbandry and for processing plants.

2. Animal Feed Inspection Office, whose role is policy making and provid-
ing standards and hygienic control of the animal feed chain. It is responsible for
the application of GMPs in animal feed manufacturing and chemical and micro-
biological monitoring of animal feed.

3. Edible Animal Products Inspection Office, whose role is policy making
and providing standards and hygienic control of edible animal products. It
does this through application of HACCP systems and risk assessment and
management.

4. Chemical Residues Monitoring Office, whose role is to set maximum
residue limits for veterinary drugs. It does this through sampling for residue
assessment and monitoring of veterinary drugs and other chemicals, such as
heavy metals, in foodstuffs.

5. Meat Inspection and Abattoirs Supervision Office, which is responsible
for policy making and providing standards and hygienic control of abattoirs
(slaughterhouses). These activities include upgrading and modernizing abattoirs,
tracking animal diseases, application of HACCP systems in abattoirs, and risk
assessment and management.

6. Nonedible Animal Products Inspection Office, which is responsible for
policy making and providing standards and hygienic control of nonedible animal
products, such as casings. It does this through risk assessment and management
and application of HACCP systems.

What Does the National Food Control System Need?

In summary, the system needs the following elements:

• Policy and operational coordination at the national level;
• Delineation and implementation of clearly defined leadership functions

and administrative structures, including accountability;
• An integrated national food control strategy;
• Implementation and operation of a national food control program;
• Establishment of regulatory measures;
• Monitoring of performance systems;
• Facilitation of continuous updating and improvement;
• Overall policy guidance;
• Additional funds and resource allocation;
• Setting of advanced standards and regulations;
• Compliance with international organizations, in particular with Codex

Alimentarius; and
• Participation in international activities related to food control.
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Discussion

Dr. Mohammadreza Razailashkajani
Research Center for Gastroenterology and Liver Disease

Shaheed Beheshti University of Medical Sciences

Panel:
Dr. Montes Niño, Dr. Jamdar, Dr. Talakesh, and Dr. Jackson

The discussion started with consideration of cross-state food inspection
points in the United States and the role of the Food and Drug Administration
(FDA) in outbreaks involving several states. The regulatory bodies for food
safety were the next topic. Dr. Keene and Dr. Jackson stated that most recalls are
not required by law but are voluntarily performed by companies and food manu-
facturers. Regulatory bodies usually make recommendations that are almost al-
ways accepted by food manufacturers. The role of the press and lawsuits against
food manufacturers and restaurants are other important factors in food safety.

Dr. Morowati from the Plant Pest and Disease Institute of Iran presented a
short profile of his institute and the pesticide residue laboratory. He raised ques-
tions regarding mycotoxins, pesticide residues, and chronic diseases related to
them. Dr. Jackson mentioned the association of heavy-metal toxicity with sea-
food consumption and the roles of the FDA and Environmental Protection Agen-
cy. Dr. Niño declared that it is very difficult to find such associations, and Dr.
Keene added that there was no special surveillance program in the United States
for chronic diseases associated with pesticide residues.

The zero-tolerance policy of the government of the United States on Listeria
monocytogenes was questioned by Iranian specialists. Dr. Matthews, Dr. Keene,
and Dr. Jackson all agreed that historical events were instrumental in producing
this legislation. Dr. Keene added that in enforcing a zero-tolerance policy, one
should keep a balance between cost and risk.
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Consumer education in food safety policies was the next topic discussed.
Consumer education is an integral part of FDA food safety measures. Professor
Yoe pointed to the role of health education for children and cited a website
devoted to food safety education issues that school teachers should consider for
their classes.
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Food Traceability: A Response to Consumers

The Role of Risk Analysis in a Science-Based Approach to Food Safety

The Hazard Analysis and Critical Control Point System

Implementing and Auditing Hazard Analysis and Critical Control Point Systems
and Difficulties in Iran

The History of Food Safety in Iran

Discussion

Day 2
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Food Traceability:
A Response to Consumers

Dr. Alfredo M. Montes Niño
International Consultant, Food and Agriculture Organization—

World Health Organization

I will start with some definitions of traceability as it refers to food. This term
and the concept behind it also apply to other industrial products. In the food area,
traceability is important for commercial and safety reasons. Definitions allow us
to distinguish the scope covered by this concept and establish legal require-
ments. Possible consequences of the legal requirements are violations of estab-
lished rules that end up as disputes or cases.

The importance of Codex Alimentarius definitions, as you may know, is that
these standards have been adopted by the World Trade Organization (WTO) in
its Sanitary and Phytosanitary Agreement as practically the highest standards
that a country can set for its import requirements.

• Codex Alimentarius: “Traceability is the ability to follow the food move-
ment through its specified stages at production, processing, and distribution”
(WHO/FAO, 2004).

The European Union (EU) has established its own definition. This has to be
considered in cases of exports to that region despite the right of countries to
initiate actions within the scope of WTO procedures.

• Rule EC 178/2002, Article 3: “The ability to trace and follow a food,
feed, food-producing animal or substance intended to be, or expected to be in-
corporated into a food or feed through all stages production, processing and
distribution” (EU, 2002).
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As mentioned, definitions are needed for different purposes, but for practi-
cal purposes a more descriptive explanation is necessary.

Traceability is a group of actions, measures, and procedures that reveal a
product’s history, from its birth until the end of the commerce chain, passing
through all intermediary production processes.

Traceability in the food chain was initially raised as a proposal of the EU.
Originally it was created to control taxes along the wide and varied commercial
channels through which cattle moved within that ever more communal territory.
The trigger was the mad cow disease crisis in 1996 that generated mandatory and
voluntary requirements for the traceability of cattle and beef in the EU. Consum-
ers’ frustration and general discredit of the traditional control systems prompted
the implementation of a new system that would generate greater credibility
among consumers. This crisis also led to changes in the organization of food
control within the European Commission and to the creation of the European
Food Safety Agency. In the wake of the latter, corresponding institutions were
created in the EU’s member countries.

Implementation of a total traceability system for cattle and beef requires the
following two elements: identification and registration of bovine animals and
labeling of beef and beef products.

Needed to achieve such a system are the following:

• documentation concerning the origin and all transportation or relocation
of bovine animals;

• regaining the consumer’s confidence in beef by labeling it with informa-
tion concerning origin and slaughtering; and

• obtaining at least minimum information on the beef imported from third-
party countries.

Currently, the identification of each animal is under discussion. A decision
on mandating animal identification has been postponed. For the moment the
accepted means of identification include the following:

• ears tags;
• a passport;
• a record of all transport from birth (or importation) to slaughter of each

animal, with this record in a central database within each member state; and
• individual registries on each farm.

Although a voluntary system has been in place since January 1, 2005, a
traceability system ought to be established for all food. The labeling of beef has
already been implemented and the system’s main characteristics are:
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• an indication of the member state(s) or other countries where the animal
was born, fattened, and slaughtered;

• the abattoir’s and deboning hall’s approval numbers; and
• a reference number that links the meat and the animal.

As mentioned above, traceability of products through the food supply chain
is in response to the European consumer’s desire for full traceability in order to
guarantee safety, quality, authenticity, and rapid response. The final response to
these needs is still in process and a final definition of traceability has yet to
emerge from the diverse numbering systems, barcodes, electronic tags, biologi-
cal markers, and communication systems.

The effectiveness of responding rapidly to these increasing consumer de-
mands was proven during the recent bovine spongiform encephalopathy and
avian influenza crises. Certain supermarkets in the United Kingdom had already
gained a reputation for selling products that were traceable. Consequently, the
sale of the sensitive products at these shops did not decrease during the crisis;
they increased considerably.

The above scenario provides an example for countries that want to maintain,
increase, and even diversify their food exports. The safety of their food products
must be linked clearly to practical, efficient, and transparent identification sys-
tems capable of offering importers a useful tool for satisfying both the new legal
requirements in their countries and consumers’ demand for reliable information.
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The Role of Risk Analysis in a
Science-Based Approach to Food Safety

Charles Yoe
Professor of Economics, College of Notre Dame of Maryland

Traditional food safety management systems with their focus on end-prod-
uct testing no longer suffice to deal with the complex, persistent, pervasive, and
rapidly changing food safety problems of a global economy. Science-based ap-
proaches to food safety systems are increasingly in use. Many science-based
approaches to food safety have already been implemented successfully. Risk
analysis, a process comprising risk management, risk assessment, and risk com-
munication, is an essential element of any science-based food safety system.
Risk analysis is a problem-focused paradigm designed to work with ambiguous
data, using many people to find the best solution now while looking toward the
best solution in the future. Disease surveillance both provides risk assessment
with data and is guided by the research needs identified by risk assessment.

TRADITIONAL FOOD SAFETY SYSTEMS NO LONGER SUFFICE

Food safety is an essential public health issue for all countries. Foodborne
diseases present a real and formidable problem in both developed and develop-
ing countries, causing great human suffering and significant economic losses.
Up to one-third of the population of developed countries is affected by food-
borne diseases each year, and the problem is likely to be even more widespread
in developing countries. The true dimensions of the problem are unknown be-
cause most cases of foodborne disease are not reported. This absence of reliable
data hinders the effectiveness of public health professionals and food safety
regulators.

Effective food safety systems are vital to public health, in order to maintain
consumer confidence in the food system and provide a sound regulatory founda-
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tion for domestic and international trade in food, which in turn supports econom-
ic development. The emphasis of food safety regulatory agencies must continue
to be on prevention, reduction, or elimination of foodborne hazards throughout
the food chain. New international trade agreements developed under the auspices
of the World Trade Organization (WTO) have shown how necessary it is that
regulations governing international trade in foods be based on scientific princi-
ples. The Sanitary and Phytosanitary Agreement (SPS), for example, permits
countries to take legitimate measures to protect the life and health of consumers,
animals, and plants with the provisos that such measures can be justified scien-
tifically and do not unnecessarily impede trade.

Food safety is the responsibility of everyone in and along the food chain,
from regulators to producers to consumers; however, governments are responsi-
ble for providing an enabling institutional and regulatory environment for food
control. Traditional food safety systems are no longer sufficient to meet the food
safety needs of either the developed or the developing world.

The focus of traditional food safety systems has often been on hygiene,
inspection, and end-product control. These systems may include food laws and
regulations, food control management, inspection and laboratory services, and
mechanisms for information, education, and communication. Decision making
in traditional systems has often been ad hoc, relying on one or more of the
following:

• precedent;
• trial and error;
• expert opinion;
• compromise;
• safety assessment;
• the precautionary principle;
• professional judgment;
• inspection;
• zero tolerance; or
• ignorance.

Much progress has been made with these traditional approaches to food
safety problems, but these systems are now inadequate. Among other failings,
traditional approaches:

• do not adequately detect and resolve many current problems;
• do not effectively deal with the complexity and rapid pace of change;
• do not effectively integrate science and social values in decision making;

and
• do not address the entire food chain.
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Although traditional food safety systems have been somewhat effective in
reducing food hazards in the past, they are unable to detect and resolve many
current problems and deal effectively with the full range of complex, persistent,
and pervasive challenges confronting different parts of the food chain (see Fig-
ure 1). Too many complex, persistent, and pervasive food problems are escap-
ing the traditional systems. Re-emerging and newly emerging pathogens are but
examples of these problems. The toll on human health around the globe is
unacceptable, all the more so because many of these problems can be addressed.

Food Safety 
Problems  

Complex  Changing  

Persistent  Pervasive  

Traditional Food Safety Systems  

Persistent Food  
Safety Problems  

New 
hazards  

Re-emerging 
hazards  

Adverse Effects on 
Human Health  

FIGURE 1 Shortcomings of traditional food safety systems.
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PERSISTENT PROBLEMS

Traditional systems no longer suffice to solve the world’s food safety prob-
lems. The food hazard concerns of virtually all nations include one or more of
the following:

• misuse of food additives, colors, and flavors;
• veterinary drug residues and use of growth promoters;
• animal feed additives;
• fertilizer and growing aids;
• irradiation;
• microbiological contamination that is ubiquitous, re-emerging, or newly

emerging;
• mycotoxins and other naturally occurring food toxicants;
• pesticide residues;
• pollutants;
• defective packaging and labeling;
• adulteration and tampering; or
• extraneous matter.

When these hazards exist within the context of global changes in food pro-
duction and consumption, the result is a growing number of food safety prob-
lems. Production of food on a large scale means that a single mistake can have
more extensive and far-reaching consequences than the small-scale production
of the past could. Many more people can be affected by a single incident.

The desire for more year-round foods means nations must import from new
producers who may lack the knowledge about good agricultural practices, good
manufacturing practices, and good hygiene practices that exists among nations
more experienced with these foods.

In the United States more food is being consumed outside the home where
consumers have less control over the conditions under which the food is being
prepared. Much of this food is being prepared by relatively untrained food work-
ers. A great deal of this food is being prepared in large quantities and served in
such institutions as schools, nursing homes, and prisons.

Consumers are increasingly interested in more exotic foods and imports. In
the United States raw vegetables and fruits, sushi, sashimi, raw shellfish, and
other underprocessed foods expose consumers to a greater variety of hazards that
can be relatively unknown in the countries where they are eaten. As life expect-
ancies increase and health care improves, there are more immunocompromised
consumers than ever. These populations are often more vulnerable to many of
the modern food safety hazards. The increasing importance of international trade
makes it likely that many of these trends will continue to spread around the
world.
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SCIENCE-BASED FOOD SAFETY SYSTEM

A number of developing countries are already taking steps to improve and
strengthen their systems for food safety management. Several are moving away
from the traditional approach focused on end-product control toward a science-
based process. Food safety regulators in many countries are already implement-
ing different types of science-based actions and decision making in their day-to-
day work (see Box 1). Science and good data are essential to decision making in
a modern food safety system.

A science-based approach strengthens the capacity of traditional food safety
systems to meet current challenges and improve the availability of safe food for
consumers. Scientific evidence can be used to minimize the occurrence of food-
borne hazards, to reduce and manage risk, and to improve the outcomes of deci-
sion making. A science-based approach enhances the ability of food safety regu-
lators to identify hazards, characterize the nature and extent of those hazards,
assess exposure to the identified hazards, and estimate the likelihood of the
resulting risks and potential impacts on human health.

Risk analysis is an important part of a science-based approach to food safety
(see Figure 2). Risk analysis provides a means to strengthen the ability of tradi-
tional food safety systems to meet current challenges. It provides a framework to
effectively manage, assess, and communicate risks through the cooperation of
the diverse stakeholders involved. Most importantly, it aids decision makers and
supports decision making with evidence.

As a concept a science-based approach to food safety is not completely new.
It is related to such processes as good agricultural practices, good hygiene prac-
tices, good manufacturing practices, and the Hazard Analysis and Critical Con-
trol Point (HACCP) system, which are already used in many countries. What is
new is the use of risk analysis as a framework to view and respond to food safety

BOX 1
Examples of Science-Based Activities

Implementing Hazard Analysis and Critical Control Point (HACCP) systems
Establishing acceptable daily intakes for chemical additives in food
Estimating maximum allowable exposure levels to pesticides
Using labels to warn consumers about potential food allergens
Using risk assessment to support food safety regulations and other decision

making
Establishing product safety standards, performance standards, and specifica-

tions for use in international trade
Resolving trade disputes based on the WTO Sanitary and Phytosanitary

Agreement
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problems in a systematic, structured, and scientific way in order to enhance the
quality of decisionmaking throughout the food chain.

A science-based risk analysis framework builds on the traditional systems
and creates a need for modern food safety and public health institutions and
infrastructures as well as an overall environment that values and supports the
risk analysis paradigm. Risk analysis is just one part of an effective food safety
system. It will also be necessary to develop and improve other essential compo-
nents of food safety systems, such as national food safety policies and infrastruc-
ture, food legislation and inspection services, laboratories, epidemiological sur-
veillance of foodborne diseases, monitoring systems for chemical and biological
contamination, and the update and harmonization of standards.

RISK ANALYSIS IS A PARADIGM

Risk analysis is more than an activity. It is a way of thinking about things
and organizing resources to solve problems. It is a science-based approach to
problem solving, but it is more than science. It is the interface between science
and the values of an organization or society. It is a paradigm designed to make
decisions in the face of uncertainty.

Effective
Modern 

Food Safety 
System

Food Safety 
Problems

Traditional Food 
Safety System

Food Safety Benefits

Infrastructure Environment

Risk 
Analysis

FIGURE 2 An effective modern food safety system.
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As a paradigm, risk analysis has several distinctive features. First, it is pur-
pose oriented to find the right problem. The initial activities in a risk analysis
model focus on carefully defining the problem to be addressed and on setting
priorities among multiple problems. Second, risk analysis copes well with soft
data. It tolerates ambiguity. It is a decision-making approach that is designed to
recognize and address the fact that decisions must be made in the absence of all
the data we would like to have to make those decisions. Third, risk analysis
seeks needed information from a variety of sources. In so doing it involves many
people. Fourth, it is flexible and can be updated. Risk analysis has a future-
focused vision of the solution after the next one. In other words, risk analysis
supports the best decision possible given the state of our understanding of the
problem and of current social values. As data gaps are filled and understanding
improves or as values change, risk analysis recognizes that the next solution may
differ from the current one. As such, risk analysis is suited to continuously
improving decisions.

What are the benefits of risk analysis? The list below provides a preliminary
answer to this question.

• It improves the quality of our thinking before a decision is made. Uncer-
tainty is ubiquitous, so identifying and addressing it is essential for good deci-
sion making.

• It can help assure a safe domestic food supply.
• It provides information needed to protect human, animal, and plant life

and health.
• It is essential for international trade (e.g., SPS). Many international orga-

nizations and agreements rely on its use, including the WTO, the Food and
Agriculture Organization/World Health Organization Codex Alimnetarius Com-
mission, Office Internationale des Epizooites, and the International Plant Protec-
tion Convention.

• Freed from the burden of proving safety, often an impossible task, it
allows industry to innovate.

• It is, this author believes, better than the alternatives.

Risk analysis always exists within a context. Organizations use risk analy-
sis. Thus, risk analysis takes place within an organizational culture. Within an
organization a structure and decision-making process already exists. The organi-
zation has a mission, goals, objectives, and legal and resource constraints that
define its reality. Within this organization there are decisions to be made. Risk
analysis is a process and a paradigm, a way of approaching problems and deci-
sions that will look different in every organization that uses it.
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RISK ANALYSIS DEFINED

As a structured decision-making process, risk analysis includes three dis-
tinct but closely connected components: risk management, risk assessment, and
risk communication (see Figure 3).

Multiple definitions of risk analysis and its components exist. The defini-
tions adopted by the Codex Alimentarius Commission are the ones most com-
monly used in the international food safety community. Nonetheless, it can be
instructive to consider informal definitions of the risk analysis tasks as well as
the formal definitions.

Risk analysis provides food safety regulators with the information and evi-
dence they need for effective decision making. The process usually begins with
risk management, which defines the problem, articulates the goals of the risk
analysis, and defines the questions to be answered by the risk assessment. The
science-based tasks of measuring and describing the nature of the risk being
analyzed are performed during the risk assessment. Risk management and as-
sessment are performed within an open and transparent environment based on
communication and dialogue. Risk communication encompasses an interactive
exchange of information and opinions among risk managers, risk assessors, the
risk analysis team, consumers, and other stakeholders. The process often culmi-
nates with the implementation and continuous monitoring of a course of action
by risk managers. Risk analysis is a highly interactive, iterative, and ongoing
process.

Risk 
Assessment 

Risk 
Management 

Risk Communication 

FIGURE 3 Components of risk analysis.
SOURCE:  (FAO/WHO, 2001, p. 44).
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Risk analysis is a decision-making framework that describes an ongoing
mode of operation rather than a discrete activity that is initiated and completed
and returned to the shelf until it is needed again. As such, risk analysis represents
a paradigm shift, a new way of approaching food safety problems.

In the past, food safety decision-making paradigms have relied on profes-
sional judgment and expert opinion, precedent, trial and error, inspections, zero
tolerance, and precaution. These methods have been inadequate for solving ex-
isting, newly emerging, and re-emerging food safety problems due in part to a
rapidly increasing pace of change and compounding complexity in an increas-
ingly international world.

Risk analysis is a new decision-making paradigm that is designed to inte-
grate science and social values in the face of ubiquitous uncertainties. It is pur-
pose oriented to find the right problem and to define it carefully. Risk analysis
copes well with soft data and seeks needed information from a variety of sourc-
es. In the process it involves many people. Risk analysis tolerates ambiguity.
The current best solution is rarely going to be the final resolution of an issue.
Risk analysis offers the advantage of being able to identify the best available
solution while retaining the flexibility to deal with a future-focused vision of the
solution after this one. Consequently, it is flexible, updateable, and well suited to
continuously improving food management decisions.

RISK MANAGEMENT

Risk analysis activities usually begin with the risk manager. Risk manage-
ment can be defined informally as the work required to answer the following
questions:

• What questions do we want the risk assessment to answer?
• What can be done to reduce the impact or likelihood of the risk

described?
• What are the trade-offs of the available management options?
• What is the best way to address the described risk?

Codex Alimentarius defines risk management as follows:

Risk Management The process, distinct from risk assessment, of weighing
policy alternatives, in consultation with all interested parties, considering risk
assessment and other factors relevant for the health protection of consumers and
for the promotion of fair trade practices, and, if needed, selecting appropriate
prevention and control options (FAO/WHO, 2001, p. 44).

The four-step risk management model in Figure 4 lists several specific tasks
undertaken in each step. Some of these rely directly or indirectly on good scien-
tific evidence obtained from an integrated surveillance and monitoring system.
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The integral role of surveillance and monitoring in risk management is clearly
evident in this model.

RISK ASSESSMENT

Sometimes a risk assessment may be needed to collect scientific data re-
quired by the risk manager for decision making. Risk assessment can be defined
informally as the work required to answer these following questions:

• What can go wrong?
• How can it happen?
• How likely is it?
• What are the consequences?

FIGURE 4 Codex Alimentarius food safety risk management model.
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Codex Alimentarius defines risk assessment as follows:

Risk Assessment A scientifically based process consisting of the following
steps: i) hazard identification; ii) hazard characterization; iii) exposure assess-
ment; and iv) risk characterization. The definition includes quantitative risk
assessment, which emphasizes reliance on numerical expressions of risk, and
also qualitative expressions of risk, as well as an indication of the attendant
uncertainties (FAO/WHO, 2001, p. 44).

Figure 5 presents the codex definitions of the steps of a risk assessment. The
first three steps rely directly on scientific evidence. The risk characterization
step provides a risk estimate that is based on the information from the three
preceding steps.

RISK COMMUNICATION

All risk management and risk assessment activities take place in an environ-
ment of risk communication. Risk communication can be defined informally as
the work required to answer the following questions:

• Why are we communicating?
• Who is our audience?
• What do our audiences want to know?
• What do we want to get across?
• How will we communicate?
• How will we listen?
• How will we respond?

Codex Alimentarius defines risk communication as follows:

Risk Communication The interactive exchange of information and opinions
throughout the risk analysis process concerning hazards and risks, 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 deci-
sions (FAO/WHO, 2001, p. 44).

Risk communication tasks can be divided broadly into internal and external
risk communication. Internal communications are those interactions between risk
managers and risk assessors that are critically important to the risk analysis
process. External risk communication tasks involve the members of the risk
management team, their stakeholders, and other interested parties external to the
food safety organization that is doing the risk analysis.
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Hazard Identification
The identification of biological, chemical, and physical agents 
capable of causing adverse health effects and that may be 
present in a particular food or group of foods.

Exposure Assessment
The qualitative and/or quantitative evaluation of the likely intake 
of biological, chemical, and physical agents from food as well 
as exposures to other sources if relevant.

Hazard Characterization
The qualitative and/or quantitative evaluation of the nature of the      
adverse health effects associated with biological, chemical, and
physical agents that may be present in food. For chemical agents 
a dose-response assessment should be performed. For biological 
or physical agents a dose-response assessment should be 
performed if the data are obtainable.

Risk Characterization
The qualitative and/or quantitative estimation, including attendant

 

uncertainties, of the probability of occurrence and severity of 
known or potential adverse health effects in a given population 
based on hazard identification, hazard characterization, and 
exposure assessment.

.

FIGURE 5 Steps in the risk assessment process (Codex Alimentarius).
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NECESSARY CONDITIONS FOR RISK ANALYSIS

Several essential conditions are necessary for a nation to effectively incor-
porate the risk analysis paradigm into its food safety system. These include the
following:

A functional food safety system. Countries need to have the essential founda-
tions of a food safety system in place, including adequate food laws and regula-
tions, a national food control strategy, effective inspection and laboratory servic-
es, scientific and technical capacity, infrastructure, foodborne disease
surveillance, epidemiological data, food monitoring, and mechanisms for inte-
grating this information with education, and communication.

Knowledge about risk analysis. Government officials and decision makers
at the highest levels must be aware of risk analysis and the value it adds to a
nation’s public health program. Similarly, food safety regulators and scientists
who become risk managers and risk assessors need to learn what risk analysis is,
why it is carried out, and how to perform the three tasks of risk analysis. Al-
though government has the main role in performing risk analysis, it is also im-
portant to ensure that the food industry and consumers understand the essence of
risk analysis.

Support and participation of key stakeholders. Risk analysis will be effec-
tive only if it takes place in an environment in which government, industry,
academic institutions, and consumers recognize, value, and participate in the
process. Industry must find value in the results of risk analysis. Academic insti-
tutions must produce information that meets the needs of risk analysis. Consum-
ers and businesses must be able to recognize and derive clear benefits from the
risk analysis process. Similarly, mechanisms must be in place to enable stake-
holders to participate in the development of risk analysis policy, as well as in the
various activities performed during risk analysis.

DISEASE SURVEILLANCE IS ESSENTIAL TO
SUCCESS OF RISK ANALYSIS

According to Thacker and Berkelman (1998) as quoted in the National Re-
search Council report Scientific Criteria to Ensure Safe Food (2003), “Public
health surveillance is the ongoing, systematic collection, analysis, interpretation,
and dissemination of health-outcome-specific data for use by the public health
sector to reduce morbidity and mortality and to improve health.”

Potter et al. (2000) provide three traditional reasons for foodborne disease
surveillance:

1. To identify, control, and prevent outbreaks of foodborne disease;
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2. To monitor trends and determine the targets and efficacy of control
measures;

3. To determine the burden of specific diseases on public health.

To these can be added:

4. To provide the scientific evidence necessary for the successful incorpora-
tion of risk analysis into a modern food safety management system.

The information gathered through surveillance and monitoring is critical to
the conduct of risk assessments. Hazard characterization and exposure assess-
ments may make extensive use of the epidemiological data obtained from dis-
ease surveillance systems. Figure 6 shows the role of surveillance in the cycle of
public health protection in a circular flow of information and activity. This cycle
is then shown to influence the conduct of risk assessments and, in turn, to be
influenced by the needs of risk assessment.

Surveillance

Risk Assessment
Needs

Risk Assessment
Conduct

Prevention
Measures

Applied Target 
Research

Epidemiologic
Investigation

FIGURE 6 Surveillance systems and risk assessment.
SOURCE: Adapted from NRC (2003, Figure 2.1, p. 29).
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In general, foodborne disease surveillance has been essential for the following:

• Estimating the burden of foodborne diseases, and monitoring trends;
• Identifying priorities and setting policy in the control and prevention of

foodborne diseases;
• Detecting, controlling, and preventing foodborne disease outbreaks;
• Identifying emerging food safety issues; and
• Evaluating foodborne disease prevention and control strategies.

It is not evident that surveillance is essential to successful risk assessment,
although it is an undeniable fact that surveillance supports better risk assess-
ment. Several strategies (NRC, 2003) in public health surveillance may be help-
ful to the risk analysis process. Each is discussed briefly below.

Routine Surveillance. Surveillance of human illness provides information
about illnesses possibly due to food. Monitoring case reports of specific, notifi-
able infections is important for defining trends, identifying outbreaks, and evalu-
ating food safety programs. These data provide the essential information needed
by risk analysts to characterize hazards and exposures to these hazards and to set
national priorities for risk assessment. Some surveillance tasks, such as monitor-
ing levels of antimicrobial resistance in foodborne pathogens, can be important
to real-time risk assessments. Timely analysis and dissemination of the results of
this surveillance to regulators, industry, the public, and risk assessors and man-
agers is essential.

Sentinel Site Surveillance. Investigating and reporting specific outbreaks or
specific illnesses can provide more detailed information than a national surveil-
lance system. Such systems may serve as a platform for conducting case-control
studies to identify risk factors. These data in turn can be instrumental in enabling
risk managers to pinpoint their assessments and resulting risk mitigation options.

Foodborne Outbreak Reporting. It is important to distinguish the relation-
ship between exposure and infection, and between exposure and illness. Investi-
gating and reporting clusters of cases of specific infections helps risk managers
determine their risk management priorities. These data also provide information
essential to the risk assessors’ hazard characterization and when possible, expo-
sure assessments. This type of surveillance strategy, along with the others men-
tioned here, provides valuable evidence for risk managers to assess the success
of the measures taken to reduce risks. The ongoing nature of risk analysis
requires the continual reduction of data gaps and development of up-to-date
databases.

Specialized Surveys of Behavior. Systematically obtaining data on the be-
havior of the population and their resulting exposure to specific risks is essential
to the conduct of sound hazard characterization and exposure assessment. Be-
havior data has been one of the most persistent data gaps in the first generation
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of microbial risk assessments. In general, the lack of relevant food-related be-
havioral information has been a weak link in the risk assessment chain, regard-
less of the hazard.

Food monitoring is also essential to good quantitative risk assessment. Rap-
id and early pathogen identification and illness prevention have become high
priorities for all parties interested in the safety of the food chain. The develop-
ment of effective, reliable, and cost-effective methods to control or eliminate
pathogens throughout the complete food chain, from farm to table, has become
correspondingly more important. New methods for rapid bacterial detection, an-
timicrobial intervention, and food safety inspection have been developed to help
prevent or reduce foodborne illness. The data acquired from these techniques
needs to be made available in a timely and effective manner to support the risk
analysis paradigm.

The detection of pathogenic microorganisms is needed to enhance food safe-
ty for consumers and to minimize the potentially adverse economic impact on
producers resulting from false-positive tests. Public concern over the presence of
undesired chemical residues in raw and processed foods resulting from the use of
antibiotics, hormones, pesticides, fungicides, and the like is increasing. Food-
borne illness outbreaks caused by consumption of perishable and minimally pro-
cessed foods are growing problems of contemporary society. It is of paramount
importance that detection methods be precise, reliable, sensitive, specific, and
rapid so that any pathogens and toxins in foods may be identified rapidly and
accurately prior to their spread over the marketplace. And it is of paramount
importance to the future of risk assessment that prevalence, concentration, and
load data be made available in a useful form that supports probabilistic risk
assessment.

Predictive microbiology is crucial to the accurate modeling of relationships
critical to reasonable risk characterizations. Information about the temporal dis-
tribution and frequency of occurrence of a pathogen, its concentration and spa-
tial distribution, its seasonality, and any niche it might occupy are essential for
risk assessors’ understanding and estimation of the survival, persistence, ampli-
fication, attenuation, control, and treatment of the pathogen of interest.

It is not just the collection of data that is necessary to risk assessors; the
form is equally important. In the past it may have been sufficient to summarize
food monitoring data with a mean and a standard deviation of pathogen concen-
tration. Many data were reported as detects and nondetects. In some studies, data
were summarized in categorical classes, such as one log or less.

Risk assessors seek rich databases. They want to be able to use all the data.
A dataset with actual pathogen loads in a sample is preferred over any of the
previous examples. Risk assessment may require reorienting the data collection
practices of bench scientists and perhaps even epidemiologists.

The World Health Organization (WHO, 2001, p. 20) offered six conclusions
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and recommendations on the interaction between surveillance and risk analysis,
also provide a fitting summary for this paper:

1.  To achieve a risk-based food safety program to reduce or prevent food-
borne diseases, countries which are WHO members should invest resources in
public health surveillance and the integration of epidemiologic and risk analysis
activities at the national and international levels.

2. Risk managers, in consultation with epidemiologists, risk assessors, and
other stakeholders, should develop a prioritized list of pathogens and/or foods
for which extra data are needed.

3. Countries which are WHO members should encourage epidemiologists
and risk assessors to identify characteristics of outbreaks that may provide rele-
vant data for quantitative risk assessment and secure adequate laboratory sup-
port. Countries should also develop mechanisms for collecting and collating
enhanced food microbiologic information that can be obtained in outbreak set-
tings by developing mechanisms to obtain food samples and to quantitatively
analyze these samples.

4. Countries should move toward integrating surveillance systems for hu-
man and animal disease and monitoring systems for food contamination. Inte-
gration would also assist quantitative risk assessment.

5. WHO should establish clearinghouses or other exchange mechanisms for
raw data and results of data analysis as well as appropriate control of use of
shared data.

6. WHO should support the efforts of developing countries to assess their
capacity to collect and use basic epidemiological data. WHO should foster part-
nerships between developed and developing countries for active support (i.e.,
technology transfer or financial support) of the latter.
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The Hazard Analysis and
Critical Control Point System

Dr. A. Djazayery
Professor of Nutrition, School of Public Health and Institute of

Public Health Research
Tehran University of Medical Sciences

With traditional methods of food control in food processing plants it has
been usual to take a sample of the final product leaving the factory and perform
laboratory analyses on this sample. When a bacterial contamination was detect-
ed, there was no way to know its source or pinpoint exactly where in the process-
ing line it had occurred. Observation, experience, and controlled research showed
that contamination could occur at any stage; from the point at which raw materi-
als entered to the final point of the product leaving the processing plant, includ-
ing outside exposures to contaminants. The source(s) of contamination in the
plant could potentially be raw materials, machinery, equipment, or personnel.

Thus, food processors and control experts adopted the Hazard Analysis and
Critical Control Point (HACCP) system, which has had wide application and
success in other industries. In this system it is possible to detect contamination at
its origin (biological, chemical, or physical) and take appropriate remedial ac-
tion. The HACCP system is different from traditional control methods and can
play an effective role in promoting food safety and consequently in food security
(i.e., access to sufficient, safe food by the community).1

1According to the U.S. Department of Agriculture (USDA), “Hazard Analysis and Critical Con-
trol Points (HACCP) is a production control system for the food industry. It is a process used to
determine the potential danger points in food production and define a strict management system to
monitor and manage the system ensuring safe food products for consumers. HACCP is designed to
prevent the potential hazards, including: microbiological, chemical, and physical. Juice, meat and
poultry, and seafood are regulated at the federal level. Meat and Poultry HACCP systems are regulat-
ed by the USDA, and juice and seafood systems are regulated by the FDA.” More information about
the HACCP is available at http://www.nal.usda.gov/fsrio/topics/tphaccp.htm and http://vm.cfsan.
fda.gov/~lrd/haccp.html.
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The HACCP system is based on the following well-known principles:

1. Analyzing hazards. Identification of potential hazards associated with a
food and of measures to control those hazards.

2. Identifying critical control points. These are points in a food’s produc-
tion (from its raw state through processing and shipping to consumption by the
consumer) at which the potential hazard can be controlled or eliminated.

3. Establishing preventive measures with critical limits for each control
point. For a cooked food, for example, this could include setting the minimum
cooking temperature and the time required to ensure the elimination of any harm-
ful microorganisms.

4. Establishing procedures to monitor the critical control points. Such pro-
cedures could include determining how and by whom cooking time and temper-
ature should be monitored.

5. Establishing corrective actions to be taken when monitoring shows that a
critical limit has not been met. Examples include reprocessing or disposing of
food if the minimum cooking temperature is not met.

6. Establishing procedures to verify that the system is working properly.
Examples include testing time-and-temperature-recording devices to verify that
a cooking unit is working properly.

7. Establishing effective record keeping for documentation of the HACCP
system. This could include records of hazards and their control methods, of
the monitoring of safety requirements and the action taken to correct potential
problems.

Today the HACCP system is being used in many food processing plants
worldwide. Over the last decade or so, action has been taken in Iran to introduce
the system to food processors (requiring or at least encouraging them to adopt it)
as well as to the relevant authorities and personnel in the health, agriculture, and
industry sectors, to food standard authorities, and to food legislators.

 In the development of an HACCP plan, five preliminary tasks need to be
accomplished before an HACCP plan can be developed which include assem-
bling the HACCP team, describing the food and its distribution, describing the
intended use, developing a flow diagram that describes the process, and verify-
ing the flow diagram. The development of an HACCP plan involves 12 phases
as follows:

1. Assembling the HACCP team. HACCP teams consist of individuals who
have specific knowledge and expertise appropriate to the product and process. It
is the team’s responsibility to develop the HACCP plan.

2. Describing the food and its distribution. This consists of a general de-
scription of the food, ingredients, and processing methods. The method of distri-
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bution should be described along with information on whether the food is to be
distributed frozen, refrigerated, or at ambient temperature.

3. Describing the intended use and consumers of the food. Describe the
normally expected use of the food. The intended consumers may be the general
public or a particular group of the population (e.g., infants, immunocompro-
mized individuals, the elderly).

4. Developing a flow diagram that describes the process. The purpose of a
flow diagram is to provide a clear, simple outline of the steps involved in the
process.

5. Verifying the flow diagram. The HACCP team should perform an on-site
review of the operation to verify the accuracy and completeness of the flow
diagram. After these five preliminary tasks have been completed, the seven prin-
ciples of HACCP are applied.

The next seven phases are application of the seven principles described
above. The last phase (Phase 12, Principle 7), as described above, is to establish
a record-keeping and documentation system. Generally, the records maintained
for an HACCP system should include the following:

1. A summary of hazard analysis;
2. HACCP Plan that lists the HACCP team and assigned responsibilities,

description of the food, its distribution, intended use and consumer, verified flow
diagram, and the HACCP plan summary table. The table should include infor-
mation on steps in the process that are critical control points, the hazard(s) of
concern, critical limits, monitoring, corrective actions, verification procedures
and schedule, and record-keeping procedure;

3. Support documentation, such as validation records; and
4. Records that are generated during the operation of the plan.

Four basic steps in establishing an HACCP system in food industry in a
country are as follows:

1. Preparation of relevant national standards by the food standard agency
(general guidelines for HACCP-system establishment in the food industry, plus
standards for specific food or food group);

2. Introduction of the HACCP system to food processors and the relevant
government authorities and personnel through short training courses, seminars,
and workshops;

3. Development of an HACCP plan in a food processing unit as a pilot; this
involves the 12 phases (see above); and

4. Implementation, expansion of the system throughout the province or
country.
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Implementing and Auditing Hazard
Analysis and Critical Control Point Systems

and Difficulties in Iran

Sassan Rezaie
Assistant Professor of Microbiology

Tehran University of Medical Sciences

1According to the U.S. Department of Agriculture (USDA), “Hazard Analysis and Critical Con-
trol Points (HACCP) is a production control system for the food industry. It is a process used to
determine the potential danger points in food production and define a strict management system to
monitor and manage the system ensuring safe food products for consumers. HACCP is designed to
prevent the potential hazards, including: microbiological, chemical, and physical. Juice, meat and
poultry, and seafood are regulated at the federal level. Meat and Poultry HACCP systems are regulat-
ed by the USDA, and juice and seafood systems are regulated by the FDA.” More information about
the HACCP is available at http://www.nal.usda.gov/fsrio/topics/tphaccp.htm and http://vm.cfsan.fda.
gov/~lrd/haccp.html.

As is well known to this audience, the Hazard Analysis and Critical Control
Point (HACCP) system is used for food safety and for controlling food process-
ing. I will review the basic aspects of the system that have been widely docu-
mented in the scientific literature. I will not attempt to cite the many references
that I am sure are well known to our American guests.1

HACCP is usually referred to as a preventive, documented, and verifiable
system. It is preventive because it focuses basically on the entire process and not
merely on the final product. It is documented because there are procedure manu-
als as well as work instructions for implementing HACCP and there is also a
record-keeping system for control. Finally, HACCP is verifiable because its ef-
fectiveness can be checked and verified by such methods as internal audits and
final product examination. This preventive, documented, and verifiable system
will control food hazards by identifying and characterizing all food hazards from
farm to fork, followed by determining critical control points at which a monitor-
ing system for detecting the hazards triggers corrective action. To implement
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and also audit HACCP systems in food processing industries we have three basic
requirements as follows:

• It begins with management requirements that are usually referred to as
management responsibilities. The first management requirement is setting a hy-
giene policy. This is done by top management. This policy will give the organi-
zation a hygienic direction. The second management responsibility is the deter-
mination of the HACCP system’s scope; this locates the implemented HACCP
system in the big picture of “from farm to fork.” The third management respon-
sibility is designating the HACCP team, which is usually selected from the com-
pany’s middle managers following the implementation of the HACCP system.

• The second group of responsibilities concerns the operational pre-
requisites. These prerequisites are referred to as good manufacturing practice
principles as well as hygiene training. The basic aspects involved include the
following:

1. Operating conditions for the equipment used in food processing.
2. Rooms in operating facilities should be indicated as clean and unclean

areas in food processing and include any cold rooms. Old infrastructures in
many companies usually do not meet the requirements for this aspect of the
operation and money should be spent on infrastructure renovation in order to
separate the clean from the unclean areas.

3. Cleaning and disinfection procedures in processing areas for the general
environment as well as for the machinery.

4. Sanitary services and facilities.
5. Drainage.
6. Lighting.
7. Ventilation.
8. Pest control, particularly in geographic areas with warm climates like

Iran. This is an important operational prerequisite in HACCP. There are three
strategies in pest control: preventing the entrance of pests into the operations
area, preventing the nesting and growth of any entered pests in the operations
area, and finally killing the insects and pests.

9. Waste disposal.
10. Water supply: in HACCP we always need detailed and precise water

analysis data to control the waterborne pathogens and contamination in food
processing.

11. Personal hygiene: all workers and operators should have been tested
and certified by the Ministry of Health in Iran. In addition, their protective clothes
in clean areas should be prescribed by HACCP documents.

12. Hygiene training is a basic requirement in implementing HACCP. To
be effective, hygiene training must change or improve hygienic attitude and
behavior.
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• Other operational steps and requirements for implementing HACCP are
as follows:

1. Operational requirements originate from product specifications. The in-
gredients of food as well as its formulation and all additives with their amount
should be determined here.

2. The second step is the process description, drawing a flow diagram and
finally confirming it at the operation site.

3. The third step is the first principle of a HACCP system. All potential
hazards—biological, chemical, and/or physical—should be classified in three
groups: hazards due to raw materials, hazards caused by cross-contamination,
and hazards that are resistant to the elimination process during the operation.

4. The fourth step is the second principle of an HACCP system. A critical
control point (CCP) is a stage in the process that can be controlled, and control-
ling it can decrease or eliminate a determined hazard.

5. The fifth step is the third principle of an HACCP system. For each CCP
we should have at least one critical limit.

6. The sixth step is installation of monitoring systems for the critical limits
at CCPs that will monitor hazards.

7. The seventh step is corrective actions that must be performed when
monitoring indicates a deviation from the critical limit of a CCP.

8. The eighth step is verification: this means internal audits plus microbio-
logical, chemical, and/or physical tests of the final product, as well as investiga-
tions of customer complaints regarding the product.

9. The ninth step is documentation; documentation should cover all proce-
dures and work instructions in use as well as the recording system.

10. The final step is revision and updating of the HACCP system; this
should happen at least once a year and focus on all possible problems that could
affect the system.
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The History of Food Safety in Iran

M. Ebrahimi Fakhar
Food and Drug Deputy, Ministry of Health

Based on the 1967 Food Safety Law, each food factory must be approved by
the Food Safety Department as to good manufacturing practices (GMPs), good
laboratory practices, and generalized system of preferences. Each food factory
must employ a food technologist (at the B.S.-degree level or higher) approved by
the Food Safety Department. This individual is responsible for quality control in
the factory at three levels: quality control of raw materials, quality control of
processing, and quality control of the finished product. The food technologist
must send monthly reports to the Food Safety Department. In addition, the Food
Safety staffs in the provinces periodically inspect food factories and check them
by testing random samples. At the distribution level there is a post-marketing
surveillance system in order to control finished products in the market. Recently,
the Food Safety Department has encouraged food factories to establish Hazard
Analysis and Critical Control Point (HACCP) systems and this will become
obligatory in the near future.

The supervisory administration for food, drink, cosmetics, and sanitary
stuffs started teaching HACCP in 1994, in keeping with World Health Organi-
zation (WHO) aims. It has promoted and encouraged the development and use
of HACCP systems. In recent years many workshops and seminars on GMPs
and HACCP systems have been organized by the above-mentioned administra-
tion or by medical science universities. WHO tutors and consultants have served
as tutors and lecturers.

 The first food safety meeting and related workshops were held in August
1996. The participants were managers and experts of the Supervisory Adminis-
tration of Food and Sanitary Stuffs from Iran’s medical science universities. The
second meeting was held in November 1996; it was sponsored by Tabriz Univer-
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sity of Medical Sciences in East Azerbaijan province and lasted for three days.
Subsequently, many HACCP workshops were held in 1997 in Bushehr, Fars,
Isfahan, Khorasan, Tehran, and Azerbaijan. The supervisory administrations have
translated and published papers on hazards and critical control points and, in this
respect, the Institute of Standard and Industrial Research of Iran can be said to
have published standards of practice (SOPs).

To coordinate all food safety programs in different organizations, the Food
and Drug Administration of the Ministry of Health established a committee in
March 1999 to help plan and harmonize HACCP systems. This committee con-
sists of experts from different responsible organizations and ministries. It meets
under the auspices of the Supervisory Administration of Food, Cosmetics, and
Sanitary Products. Other organizations from the veterinary and fishery sectors
have performed similar work adapting HACCP systems to veterinary and fishery
products.

This committee started work on food safety through the use of HACCP and
tried to replace old control methods with HACCP systems. Exclusive use of
HACCP is now mandatory for potentially hazardous products such as dairy and
meat.

Since 2000 the committee has performed the following main actions:

1. Established committees in provincial universities of medical science for
improving HACCP systems;

2. Published various educational pamphlets and sent them to where-
ever needed (including provincial committees). These pamphlets include the
following:

• A general guide on HACCP in food industries;
• National Standard No. 4557. SOPs for hazard analysis and critical con-

trol points;
• National Standard No. 1836. SOPs for the main sanitary principles in

food production units;
• A guide to HACCP system validation;
• Elementary programs and a revised work sheet for HACCP systems;
• A hazard analysis and critical control points book; and
• A checklist of differentiation patterns for HACCP systems based on con-

ventional international methods.
3. Provided a list of the expert consultants and user information at various

levels;
4. Trained the nuclear group of the committee;
5. Held workshops for related experts in collaboration with corporate

teaching centers, university scientists, and committee teachers;
6. Held a three-day workshop in 2002 on GMP principles taught by WHO

consultants;
7. Established a Web site hosted by the Food and Drug Office’s Web site;
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8. Developed an HACCP system data bank for users worldwide;
9. Identified HACCP rules, proposals for each foodstuff, and how to de-

termine and validate hazards in food industry systems;
10 Established SOPs for using an HACCP system on pistachios; participat-

ed in national Codex Alimentarius committees; developed a proposal for control
and screening of pistachio contamination;

11. Established an HACCP SOP system for raisins;
12. Collaborated with the Iran Accreditation System;
13. Prepared a data bank for producer units that could obtain HACCP cer-

tificates;
14. Validated HACCP systems in production units and issued the permit for

using HACCP certificates on labels or in advertisements;
15. Prepared a checklist for validation of dairy production for GMPs and

HACCP; and
16. Established HACCP system certification requirements for the import of

processed materials, such as dried milk.

Activities of the National Committee for Coordinating and Planning HACCP
Implementation, 2000-2004:

Number of approvals and administrative actions 94
Number of committee sessions 81
Number of pamphlets   6
Number of established training workshops 49
Number of educated individuals   4,779
Hours of training  784
Number of pamphlets in Persian and English 30
Number of establishments successfully setting up HACCP systems 88

The government of Iran continues to be committed to establishing and im-
plementing appropriate food safety measures, including HACCP systems for
various food products. It is hoped that these measures will improve food safety
throughout Iran.
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Discussion

Dr. Mohammadreza Razailashkajani
Research Center for Gastroenterology and Liver Disease

Shaheed Beheshti University of Medical Sciences

Panel:
Dr. Yoe, Professor Djazayeri, Mr. Ebrahimi Fakhar, Dr. Sassan Rezai, and Dr.
Jamdar

Mr. Schweitzer asked about the reaction of the Iranian population to govern-
ment messages on food risks and hazards. Iranian participants noted that this was
a poorly developed area of concern. Labeling of fast food in the United States
was then the focus of attention. Dr. Jackson said that ingredient content and
nutritional information are on the menus of some individual restaurants and fast
food chains, but not yet uniformly so. This may become obligatory in the future.
A discussion ensued on food labeling and food allergies. Food advertisement
regulation in the United States was another issue. Dr. Jackson stated that health
claims in food advertisements are regulated. Dr. Djazayeri mentioned that some
standards for food advertisements exist in Iran.

Dr. Keene was eager to know about the experience of Iranian counterparts
with foodborne disease outbreaks, and several Iranian experts responded. Other
discussion topics included risk communication, influence of food import execu-
tives on food safety legislation in Iran, and high counts of Campylobacter that
Research Center for Gastroenterology and Liver Disease researchers had found
in some foods compared with the counts found in feces. The last item was be-
lieved to be a technical mistake by most experts at this session.
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Final Plenary Session: Future Steps and Opportunities

Closing Session

Day 3
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Final Plenary Session:
Future Steps and Opportunities

Glenn Schweitzer
National Research Council

Dr. Keene summarized the view of the American participants on how a
foodborne disease surveillance system can be operationalized in a country.

To begin, the purpose of a surveillance system should be clear. The sources
of information must be identified, as this information can come from a number
of sources, such as laboratories, physicians, hospitals and clinics, infection con-
trol staffs, public reports, media reports, inspectors, and pharmaceutical distribu-
tion data.

There are a variety of legal considerations that should be addressed at the
very outset of administering a surveillance system. Adequate legal authority to
collect surveillance information and to investigate outbreaks is necessary. If such
authority is not in place, new legislation may be required. The system’s design
needs to address the question of who would have access to confidential medical
records and to determine whether disease reporting will be compulsory and if so,
by whom and to whom. Another consideration is whether diagnostic laboratories
should be required to provide isolates to reference laboratories. Attached to the
legal issues of surveillance are the implications of using surveillance data. It
must be clear how the data will be disseminated and to whom. At the outset there
must be a determination of whether specialists have the legal authority and the
motivation to take action that may hurt business interests. Similarly, will the
specialists have the necessary credibility with the public and the medical com-
munity? The sources of financial support should be clearly determined, and need
to be stable, given the infrastructure and personnel required for a surveillance
system to function.

Turning to laboratory considerations, the system will require access to spec-
imens for analyses. The system must be capable of confirming diagnoses and
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subtyping isolates to identify possible linkages. The laboratories will need to
respond to requests for their services in a timely manner.

In conclusion, not all diseases are well suited to comprehensive reporting. In
the United States the legal framework for enteric disease surveillance is integrat-
ed with other diseases, but other countries may need to find the approach that
will work best in that country, keeping in mind that outbreak investigation is a
developing skill.

Dr. Massoumi-Asl presented Iranian views on future steps toward a food-
borne disease surveillance system in Iran. The disease control system of the
Iranian Center for Disease Control is a well-organized, countrywide health net-
work that includes 15,000 health houses and 500 health centers. The system
incorporates health specialists of 40 medical universities who monitor communi-
cable and noncommunicable diseases in their districts, and the district activities
are supervised by provincial and national experts. The district health centers
with health laboratories are controlled by provincial health laboratories. There is
a reference laboratory in Tehran for each disease control program.

The foodborne disease surveillance program is a recent addition to Iran’s
disease control center. It is located within the Foodborne and Waterborne Dis-
ease Department. The center’s activities since its inception include two case-
control studies, as well as the investigation of nine disease outbreaks occurring
between April and September 2004. Of these outbreaks 40 percent were food-
borne and 60 percent waterborne. Over 1600 people were affected, with three
fatalities reported. While the program is in its nascence, many important facili-
ties and infrastructure already exist; however these need better linkages and
coordination. Iranian specialists believe that a national commitment to link the
facilities is essential.

The objective of the foodborne disease surveillance program in Iran is to
reduce mortality and morbidity. To this end it is necessary to establish a labora-
tory-based, integrated surveillance system. Intersectoral coordination between
disease control components involved in food safety and surveillance is as impor-
tant as linking the local facilities. It would be possible to create local and provin-
cial laboratory centers that operate under the supervision of the Research Center
for Gastroenterology and Liver Disease, which would then provide a reference
laboratory. The centers would provide health education for all target groups and
carry out basic, clinical, and field research. Monitoring and evaluation would be
important to ensure the quality of services.

Dr. Jamdar and Dr. Yoe then spoke about future steps that could be taken by
both Iran and the United States in the process of analyzing risks to food safety
and foodborne disease surveillance. They stressed that international cooperation,
and in particular regional cooperation, is important in identifying common inter-
ests and in sharing resources. Iran and the United States have a number of oppor-
tunities for cooperation, including data sharing by clearinghouses, jointly spon-
soring professional development, exchanging personnel, and participating in a
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risk assessors network. In Iran the development of risk analysis capacity is par-
ticularly important. The needs of various ministries should be clarified and the
relevant paradigms addressed. Risk assessment is an area that could be particu-
larly fruitful for cooperation.

Dr. Jackson and Dr. Djazayeri each presented their team’s perspective on
areas of common interest to both Iran and the United States in the areas of food
safety and foodborne disease surveillance. Dr. Jackson stressed a common inter-
est in methodology, including reporting systems, investigation tools, the latest
and best laboratory tests and methods, and the comparability of standard mea-
surements. Examination of established and emerging food pathogens, including
those developing antibiotic resistance, is also an area of common interest. Dr.
Djazayeri spoke about the possibility of establishing a food safety collaboration
center, which would allow for an exchange of expertise and information. It could
also hold long-term training courses and workshops on such topics as food safety
and quality, help in the establishment of pilot projects, and work on technology
transfer and capacity building.

Dr. Matthews and Dr. Poorshafi presented a short review of the highlights of
the meeting. Of the points covered in the workshop, they stressed the following
topics as some of the most significant. Foodborne diseases are a significant
human health issue for Iran and the United States. Many government agencies of
both countries are concerned about the potential threat to public health, and
many of the issues faced by agencies are common in the two countries. Among
the issues of common concern are the following: poultry processing, food sold
by street vendors, imported foods, mycotoxins, and bacteria. The presenters
stressed the immature state of Iranian foodborne surveillance and the need for a
functioning surveillance system.

In the final section of the closing session the participants considered the
reports of three working groups on food safety, foodborne disease surveillance,
and risk assessment. All groups agreed that further exchanges of ideas were
necessary. Some of the observations and suggestions for future cooperation are
as follows.

There is a need to identify important websites that address methodological
questions in food safety. Developing consumer groups that can defend food
safety principles is an important aspect of food safety in both countries. To offer
specific recommendations on food surveillance in Iran, the American team would
need a better understanding of the Iranian health care system. Pilot projects
could probably be useful in developing an expanded surveillance program in
Iran. Risk analysis is necessary for priority setting, and each relevant organiza-
tion should define the specific tasks for its risk assessors. International collabo-
ration in risk assessment is highly desirable. In particular, further measures are
needed to stop international trade in unsafe food, which poses many risks.
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Closing Session

Dr. Mohammadreza Razailashkajani
Research Center for Gastroenterology and Liver Disease

Shaheed Beheshti University of Medical Sciences

Mr. Schweitzer expressed the appreciation of the American specialists for
the opportunity to participate in the discussions. The Americans were impressed
by the number of organizations that are sufficiently interested in food safety to
have made presentations at the workshop. He noted that coordination is impor-
tant in Iran just as it is in the United States.

Professor Zali expressed his pleasure in having a dual opportunity at the
workshop to meet enthusiastic young Iranian researchers and to have distin-
guished colleagues from the U.S. National Academies participate.
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Appendix A

Workshop Agenda

SATURDAY, OCTOBER 2, 2004

8:30 - 9:30 Opening Ceremony

9:30 - 10:30 Chair: Dr. Jackson …………. Co-Chair: Dr. Jamdar
Overview of Food Safety Issues and of Diseases Arising
from Food of Animal and Plant Origin in the United
States of America

Karl R. Matthews, Associate Professor, Department of
Food Science, Cook College, Rutgers University

10:30 - 11:00 Break

11:00 - 11:30 Overview of Safety Issues with Foods of Animal and Plant
Origin in Iran

  Dr. M. R. Akbarian, Iranian Veterinary Organization

11:30 - 12:00 The Role of ISIRI in Food Safety in Iran
Mr. M. H. Hasanpour, Director of Food and Agriculture
for the Institute of Standards and Industrial Research of
Iran (ISIRI)
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11:30 - 12:30 Discussion Session
Panel: Dr. Jackson, Dr. Matthews, Dr. Montes Nino, and
Dr. Jamdar

12:30 - 14:00 Lunch

14:00 - 15:00 Chair: Dr. Keene …………… Co-Chair: Dr. Nadim
Surveillance for Foodborne and Diarrheal Diseases, and
Investigation of Foodborne Disease Outbreaks in the
United States: Three Examples

Dr. W. E. Keene, Senior Epidemiologist, Acute and
Communicable Disease Program, Oregon Public Health
Services

15:00 - 16:00 Foodborne Diseases Reporting
Dr. W. E. Keene, Senior Epidemiologist, Acute and
Communicable Disease Program, Oregon Public Health
Services

16:00 - 16:30 Break

16:30 - 17:30 Foodborne Diseases Surveillance, Including Epidemiology
(Data Collection, Organization, Analysis, Interpretation
and Reporting)

Dr. M. Gooya, Director General of CDC (Center for
Disease Control)

Dr. A. Ardalan, Epidemiologist

17:30 - 18:30 Discussion Session
Panel: Dr. Keene, Dr. Gooya, Dr. Nadim, Dr. Ali Ardalan,
and Dr. Minoo Mohraz

SUNDAY, OCTOBER 3, 2004

9:00 - 10:00 Chair: Dr. A. Montes Niño …….. Co-Chair: Dr. Jamdar
Inspection and Investigation: Tools for Detecting Sources
of Food Contamination and Preventing Illness Outbreaks

Dr. G. J. Jackson, Microbiologist, former Dean of the Staff
College, Center for Food Safety and Applied Nutrition,
U.S. Food and Drug Administration

10:00 - 10:30 Break
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10:30 - 11:30 Food Monitoring, Investigation and Inspection
Dr. Talakesh, Public Health Officer, Iran Veterinary
Organization

11:30 - 12:30 Discussion Session
Panel: Dr. A. Montes Niño, Dr. Jamdar, Dr. Talakesh, and
Dr. Jackson

12:30 - 14:00 Lunch

14:00 - 15:00 Chair: Dr. Yoe …………………… Co-Chair: Prof. Djazayeri
Food Traceability

Dr. Alfredo Montes Niño

15:00 - 16:00 Risk Analysis, Including the Role of Risk Analysis in
1) Identifying High Impact Intervention Points in Food
Systems to Reduce Human Illness and 2) Risk Ranking
Foods Associated with Foodborne Illness Caused by
Specific Pathogens

C. E. Yoe, Professor of Economics, College of Notre
Dame of Maryland

16:00 - 16:30 Break

16:30 - 17:00 Hazard Analysis and Critical Point Systems (HACCP)
Dr. Djazayeri, Professor of Nutrition, School of Public
Health and Institute of Public Health Research, Tehran
University of Medical Sciences
Dr. S. Rezaie, Assistant Professor, Faculty of Health,
Tehran University of Medical Sciences

17:00 - 17:30 Risk Analyses
Mr. M. Ebrahimi Fakhar

17:30 - 18:30 Discussion Session
Panel: Prof. Yoe, Prof. Djazayeri, Mr. Ebrahimi Fakhar,
Dr. Sassan Rezaie, and Dr. Jamdar
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MONDAY, OCTOBER 4, 2004

8:30 - 8:50 Highlights of Meeting
Dr. Matthews, Dr. Poorshafi

8:50 - 9:10 Common Interests - Common Problems
Dr. G. J. Jackson, Prof. Djazayeri

9:10 - 9:30 Future Steps - Surveillance
Dr. W. E. Keene, Dr. A. Ardalan

9:30 - 9:50 Risk Assessment
Dr. C. E. Yoe, Dr. M. Jamdar

9:50 - 10:30 Break

10:30 - 11:30 Draft Preparation of Proposals

11:30 - 12:30 Closing Ceremony
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Participant List

UNITED STATES

George J. Jackson
Microbiologist, retired from the U.S.

Food and Drug Administration
1435 Fourth Street SW
Washington, DC 20024 USA
Tel: +1-202- 488-8635
gorgon7@his.com

Charles Yoe
Professor of Economics
College of Notre Dame of Maryland
4701 N. Charles Street
Baltimore, MD 21210 USA
Tel: +1-410- 744 -0940
cyoe1@comcast.net

Glenn Schweitzer
Director, Office for Central Europe

and Eurasia, The National
Academies

500 5th Street NW
Washington, DC 20001 USA
Tel: +1-202-334 -2172
gschweitzer@nas.edu

Karl R. Matthews
Associate Professor of Microbiology
Department of Food Science, Cook

College, Rutgers University
New Brunswick, NJ 08901 USA
Tel: +1-732-932-9611 x219
Fax: +1-732-932-6776
matthews@aesop.rutgers.edu

William E. Keene
Senior Epidemiologist
Acute & Communicable Disease

Program,
Oregon Public Health Services
800 NE Oregon Street (#772)
Portland, OR 97232 USA
Tel: +1-503-731-4024
Fax: +1-503-731-4798
william.e.keene@state.or.us
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FAO

Alfredo Montes Niño
Director President of Microbioticos

(FAO Representative)
Av. Brig. Luiz Antonio, 2.344-

Sobrelojia-CEP
0402-900-Sao Paulo-SP, Brazil,
Tel:(11) 3286-0666; 214/(11) 3253-

3301
amontes@microbioticos.com

Siavosh Salmanzadeh Ahrabi
Assistant Professor
Shaheed Beheshti University of

Medical Sciences
National Research Department of

Foodborne Diseases,
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
salmanzadeh1@yahoo.com

Maryam Kheradpezhouh
Research Assistant
National Research Department of

Foodborne Diseases,
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
mkherad@hotmail.com

RESEARCH CENTER FOR GASTROENTEROLOGY AND
LIVER DISEASES (RCGLD),

SHAHEED BEHESHTI UNIVERSITY OF MEDICAL SCIENCES

Mohammad Reza Zali
RCGLD President
Professor of Gastroenterology, Shaeed

Beheshti University of Medical
Sciences,

Research Center for Gastroenterology
and Liver Disease

Taleghani Hospital, Parvaneh Street,
Velenjak, Tehran, Iran

Tel: 98-21-2417283, 2416848
Fax: 98-21-2402639
nnzali@hotmail.com, zali@ams.ac.ir

Mahnaz Taremi
Research Manager
National Research Department of

Foodborne Diseases
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
mmtaremi@yahoo.com,

taremi@rcgld.org
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Mohammadreza Rezailashkajani
Research Assistant, Health

Informatics Department
Research Center for Gastroenterology

and Liver Disease,
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
docreza@yahoo.com, rezai@rcgld.org

Delnaz Roshandel
Research Assistant, Health

Informatics Department
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
delnaz53@yahoo.com

Ali Ardalan
Epidemiologist
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
Ali_ardalan@hotmail.com,

aardalan@gmail.com
Tel: +98-912-3050192

Seyed Mohsen Mousavi
Community Medicine Specialist
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
smmousavi@yahoo.com

Negar Behrouz
Research Assistant, Food & Nutrition

Department
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
Negar_behrouz@yahoo.com

Effat Habibi
Laboratory Technologist
National Research Department of

Foodborne Diseases,
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
ehabibi77@yahoo.com

Fereshteh Jaafari
Laboratory Technologist
National Research Department of

Foodborne Diseases,
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
f_jaafari580@yahoo.com

Koorosh Zolfagharian
Laboratory Technologist
National Research Department of

Foodborne Diseases,
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
kzolfagharian@yahoo.com

Sanaz Moez Ardalan
Laboratory Technologist
National Research Department of

Foodborne Diseases,
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
smardalan@yahoo.com
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Ali Moghaddam Gol Mohammadi
Laboratory Technologist
National Research Department of

Foodborne Diseases,
Research Center for

Gastroenterology and Liver
Disease

Taleghani Hospital, Parvaneh Street,
Velenjak, Tehran, Iran

ali_moghaddam69@yahoo.com

Haleh Edalatkhah
Laboratory Technologist
National Research Department of

Foodborne Diseases,
Research Center for

Gastroenterology and Liver
Disease

Taleghani Hospital, Parvaneh Street,
Velenjak, Tehran, Iran

hedalatkhah@yahoo.com

Mohammad Ghazanfari
Research Assistant
National Research Department of

Foodborne Diseases,
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
mohghazanfari@yahoo.com

Padideh Ghaempanah
Research Assistant, Lower GI

Scientific Group
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
padid2000@yahoo.com

Naghmeh Jafarynia
Research Coordinator
Research Center for Gastroenterology

and Liver Disease
Taleghani Hospital, Parvaneh Street,

Velenjak, Tehran, Iran
jafarynia@rcgld.org

IRAN VETERINARY ORGANIZATION

Maghsoud Jamdar
Head of Public Health Office
Iran Veterinary Organization
S. J. Assadabadi Avenue, Valia-e-Asr

Street
Tehran, Iran
Tel: +98214194501-2,

+989123874249
Fax: +98214196963
mjamdar@hotmail.com

Seyed Farzad Talakesh
Head of Edible Animal-Origin Food

Office
Iran Veterinary Organization
S. J. Assadabadi Avenue, Valia-e-Asr

Street
Tehran, Iran
Tel: +98218962380
sftalakcsh8@hotmail.com
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Farahmand Salehzadeh
Public Health Officer
Iran Veterinary Organization
S. J. Assadabadi Avenue, Valia-e-Asr

Street
Tehran, Iran
salczad@yahoo.com

Hossein Khaneghahi
Public Health Officer
Iran Veterinary Organization
S. J. Assadabadi Avenue, Valia-e-Asr

Street
Tehran, Iran
ivopublichealth@ivo.org.ir

Amir Raffi
Animal Establishment Health Officer,

Public Health Officer
Iran Veterinary Organization
S. J. Assadabadi Avenue, Valia-e-Asr

Street
Tehran, Iran
araoofii22@yahoo.com

Hamid Khaneghahi
Deputy of Public Health Department
Iran Veterinary Organization
S. J. Assadabadi Avenue, Valia-e-Asr

Street
Tehran, Iran
ivopublichealth@ivo.org.ir

Mahmoud Akbarian
HACCP Consultant (private sector)
Iran Veterinary Organization
S. J. Assadabadi Avenue, Valia-e-Asr

Street
Tehran, Iran
Tel: +989121057988
mrakbarian@hotmail.com

Reza Mousavi
Head of Public Health Office
Isfahan Veterinary Network
Tel: +983117762995
ivoesfahan@ivo.org.ir

Ahmad Raji
Head of Public Health Office
Gilan Veterinary Network
Tel: +983117762995
ivogilan@ivo.org.ir

Hadi Tabarrai
Head of Public Health Office
Tehran Veterinary Network
Tel: +98214194941
ivotehran@ivo.org.ir

Gaphar Attarbashi
Head of Public Health Office
Khorasan Veterinary Network
Tel: +985116028383
ivokhorasan@ivo.org.ir

Hamid Zeinali
Head of Public Health Office
Ghazvin Veterinary Network
Tel: +98281-3347047
ivoghazvin@ivo.org.ir
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ISIRI (INSTITUTE OF STANDARDS AND
INDUSTRIAL RESEARCH OF IRAN)

Hengameh Yousefzadeh
Supervisor of Fats and Oil Lab
Institute of Standards and Industrial

Research of Iran
P.O. Box 31585-163
Tehran, Iran
Tel: +982612803889
hengameh_abi@yahoo.com

Nadia Ahmadi
Expert of Dried Fruit and Mycotoxin

Lab
Institute of Standards and Industrial

Research of Iran
P.O. Box 31585-163
Tehran, Iran
Tel: +982612803889
nady_2000ca@yahoo.com

Khosrow Barazandegan
Supervisor of Meat and Dairy

Products Lab
Institute of Standards and Industrial

Research of Iran
P.O. Box 31585-163
Tehran, Iran
Tel: +982612803889
baraz1956@hotmail.com

Tahereh Hashemi
Deputy Director General
Institute of Standards and Industrial

Research of Iran
P.O. Box 31585-163
Tehran, Iran
Tel: +982612803889
tahereh_langroudi@yahoo.com

Farnaz Dastmalchi
Research Assistant
Institute of Standard and Industrial

Research of Iran
P.O. Box 31585-163
Tehran, Iran
Tel: +982612803889
mehrabantavan@yahoo.com

Mohammad Hossein Shahrokh
Hassanpour

Director General, Deputy of Food
and Agriculture

Institute of Standards and Industrial
Research of Iran

P.O. Box 31585-163
Tehran, Iran
Tel: +982612803889
msh_55@yahoo.com

Rahim Abouali
Director of Biology and Microbiology

Research Center
Institute of Standards and Industrial

Research of Iran
P.O. Box 31585-163
Karaj, Iran
Tel: +982612808120
r_abouali@isiri.or.ir

Fattaneh Shokrollahi
Deputy Director of Biology and

Microbiology Research Center
Institute of Standards and Industrial

Research of Iran
P.O. Box 31585-163
Karaj, Iran
Tel: +982612808120
shokrollahi@isiri.or
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Fatemeh Zandvaili
Head of Soft Drinks and Canned

Products-Microbiology Group
Institute of Standards and Industrial

Research of Iran
P.O. Box 31585-163
Karaj, Iran
Tel: +982612808120
zandvakili@isir.or.ir

Gholam Hassan Ebrahemi
Head of Meat and Dairy Products-

Microbiology Group
Institute of Standards and Industrial

Research of Iran
P.O. Box 31585-163
Karaj, Iran
Tel: +982612808120
emam@isiri.or.ir

Akram Sadat Fayazi
Head of Cereal and Confectionery

Products-Microbiology Group
Institute of Standards and Industrial

Research of Iran
P.O. Box 31585-163
Karaj, Iran
Tel: +982612808120
fayazi@isir.or.ir

Fatemeh Kabiri
Senior Expert
Institute of Standards and Industrial

Research of Iran
P.O. Box 31585-163
Karaj, Iran
Tel: +982612808120
bitokabiri@yahoo.com

MINISTRY OF JIHAD-E-AGRICULTURE

Modjtaba Rajabbaigy
Director General, International &

Regional Organization Bureau
Ministry of Jihad-e-Agriculture
17th floor,
Keshavarz Blvd,
Tehran, Iran
Tel: +98218960284
m.rajabbaigy@irob.ir

Mohammad Reza Abbaspour
Expert in Codex Alimentarius &

International & Regional
Organizations Bureau

Ministry of Jihad-e-Agriculture
17th floor,
Keshavarz Blvd,
Tehran, Iran
Tel: +98218960284
m.abbaspour@irob.ir

Amin Hadi Dindoust
Expert in Codex Alimentarius &

International & Regional
Organizations Bureau

Ministry of Jihad-e-Agriculture
17th floor,
Keshavarz Blvd,
Tehran, Iran
Tel: +98218960284
a.dindoust@irob.ir

Seyed Morteza Zarei
Expert in Codex Alimentarius &

International & Regional
Organizations Bureau

Ministry of Jihad-e-Agriculture
17th floor,
Keshavarz Blvd,
Tehran, Iran
Tel: +98218960284
m.zarei@irob.ir
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DEPARTMENT FOR FOOD AND DRUG, MINISTRY OF HEALTH

Vahid Mofid
Director General
Department for Food and Drug,

Ministry of Health
No. 11365 Hafez Street, Ministry of

Health, Tehran, Iran
Tel: +9821646344, +9821646344
vmofid@yahoo.com

Vahideh Shaygean
Food Control Expert
Department for Food and Drug,

Ministry of Health
No. 11365 Hafez Street, Ministry of

Health, Tehran, Iran
Tel: +98216404268, +989123272101
vshayegan@yahoo.com

Mosoumeh Takalou
Food Control Expert
Department for Food and Drug,

Ministry of Health
No. 11365 Hafez Street, Ministry of

Health, Tehran, Iran
Tel: +98216404268
taklou200@yahoo.com

Haleh Samiee
Food Control Expert
Department for Food and Drug,

Ministry of Health
No. 11365 Hafez Street, Ministry of

Health, Tehran, Iran
Tel: +98216954437, +989123085601
h.samiee@hotmail.com

Leila Roozbeh Nasiraie
Food Control Expert
Department for Food and Drug,

Ministry of Health
No. 11365 Hafez Street, Ministry of

Health, Tehran, Iran
Tel: +98216954437
leila-roozbeh@yahoo.com

Mehdi Ebrahimi Fakhar
Food Control Expert
Department for Food and Drug,

Ministry of Health
No. 11365 Hafez Street, Ministry of

Health, Tehran, Iran
Tel: +98216404268

Ladan Lotfi
Food Control Expert
Department for Food and Drug,

Ministry of Health
No. 11365 Hafez Street, Ministry of

Health, Tehran, Iran
Tel: +98216404268
ladlot@yahoo.com

Bahmineh Zarreh
Food Control Expert
Department for Food and Drug,

Ministry of Health
No. 11365 Hafez Street, Ministry of

Health, Tehran, Iran
Tel: +98216468989
bzarreh@yahoo.com

Maryam Alejamshid
Food Control Expert
Department for Food and Drug,

Ministry of Health
No. 11365 Hafez Street, Ministry of

Health, Tehran, Iran
Tel: +98216954440, +982122256606
alejamshid@yahoo.com
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Atefeh Fooladi Moghaddam
Food Control Expert, Department for

Food and Drug, Ministry of Health
No. 11365 Hafez Street, Ministry of

Health, Tehran, Iran
Tel: +98216964438, +98218276609
fooladi-50@yahoo.com
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